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Abstract
Background: The aim of this study was to psychophysically evaluate the preva-
lence of smell and taste dysfunction 2 years after mildly symptomatic severe
acute respiratory syndrome–coronavirus-2 (SARS-CoV-2) infection compared
to that observed at 1-year follow-up and while considering the background
of chemosensory dysfunction in the no-coronavirus disease 2019 (COVID-19)
population.
Method: This is a prospective case-control study on 93 patients with polymerase
chain reaction (PCR)-positive SARS-CoV-2 infection and 93 matched controls.
Self-reported olfactory and gustatory dysfunction was assessed by 22-item Sino-
Nasal-Outcome Test (SNOT-22), item “Sense of smell or taste.” Psychophysical
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2 CHEMOSENSORY ASSESSMENT IN LONG COVID-19

orthonasal and retronasal olfactory function and gustatory performance were
estimated using the extended Sniffin’ Sticks test battery, 20 powdered taste-
less aromas, and taste strips test, respectively. Nasal trigeminal sensitivity was
assessed by sniffing a 70% solution of acetic acid.
Results: The two psychophysical assessments of chemosensory function took
place after a median of 409 days (range, 366–461 days) and 765 days (range,
739–800 days) from the first SARS-CoV-2–positive swab, respectively. At 2-year
follow-up, cases exhibited a decrease in the prevalence of olfactory (27.9% vs.
42.0%; absolute difference, −14.0%; 95% confidence interval [CI], −21.8% to
−2.6%; p = 0.016) and gustatory dysfunction (14.0% vs. 25.8%; absolute differ-
ence, −11.8%; 95% CI, −24.2% to 0.6%; p = 0.098). Subjects with prior COVID-19
were more likely than controls to have an olfactory dysfunction (27.9% vs. 10.8 %;
absolute difference, 17.2%; 95% CI, 5.2% to 28.8%) but not gustatory dysfunction
(14.0% vs. 9.7%; absolute difference, 4.3%; 95% CI, −5.8% to 14.4% p = 0.496) still
2 years after the infection. Overall, 3.2% of cases were still anosmic 2 years after
the infection.
Conclusions: Although a proportion of subjects recovered from long-lasting
smell/taste dysfunction more than 1 year after COVID-19, cases still exhibited
a significant excess of olfactory dysfunction 2 years after SARS-CoV-2 infection
when compared to matched controls.

KEYWORDS
olfaction, olfactory disorders, olfactory test

1 INTRODUCTION

Chemosensory dysfunction has emerged as a highly
prevalent symptom of severe acute respiratory syndrome–
coronavirus-2 (SARS-CoV-2) infection during the acute
phase of coronavirus disease 2019 (COVID-19).1–4 Despite
smell and taste perception improved within 4 weeks after
the onset inmost cases,1 a persistent impairment remained
a predominant symptom in post-COVID-19 patients 6 and
12 months after the infection,5–7 significantly influencing
the quality of life.8,9 Moreover, as it has been suggested that
smell loss at 12 months may be permanent,10 is crucial to
perform longer-term studies to inform both patients and
health professionals of likelihood of further recovery.
Studies based on self-reported symptoms are easy to

perform and, most importantly, have a baseline param-
eter of comparison that is the subjective perception of
smell and taste preceding the onset of COVID-19. However,
compared with psychophysical assessment, this approach
has been reported to overestimate recovery from olfac-
tory dysfunction (OD).9,11 Thus, psychophysical evaluation
is required to identify those patients unaware of their
impaired sense of smell, for example, to identify those at
risk of exposure to environmental hazards.

Due to the pressure of the COVID-19 pandemic, sev-
eral studies have used quick and brief psychophysical
tests12 or have developed olfactory and gustatory func-
tion assessments based on commonly available household
items.13–15 Although these tools facilitate a more accu-
rate evaluation than assessments based on self-reported
symptoms, they only capture limited aspects of the olfac-
tory and gustatory dysfunction and, regarding the sense
of smell, the ability to identify a limited number of
volatile substances. Furthermore, it has been observed that
SARS-CoV-2 affected mainly odor thresholds, and to a
lesser degree odor discrimination, and odor identification.
This pattern is consistent with damage of the olfactory
neuroepithelium.9,16
The lack of pre-COVID-19 baseline olfactory and

gustatory assessment for the large majority of patients
further complicates estimation of the real prevalence
rates of chemosensory changes induced by SARS-
CoV-2 infection. According to psychophysical tests,
indeed, OD affects approximately 20% of the gen-
eral population.17,18 Furthermore, in older adults the
prevalence of psychophysical impairment in the sense
of smell in the setting of no self-reported deficit is
15%.19
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BOSCOLO-RIZZO et al. 3

The aim of the present investigation was to estimate
the prevalence of altered sense of smell and taste 2 years
after mildly symptomatic SARS-CoV-2 infection through
a comprehensive psychophysical evaluation, while con-
sidering the background of chemosensory dysfunction in
population that never had COVID-19.

2 SUBJECTS ANDMETHODS

2.1 Study design and population

This study was conducted according to the guidelines
of the Declaration of Helsinki and was approved by
the ethic committees for clinical experimentation of Tre-
viso and Belluno provinces (ethic vote: 780/CE) and
Friuli Venezia Giulia Region (CEUR-2020-Os-156). Writ-
ten informed consent was obtained from the participants.
Cases were randomly sampled from home-isolated, mildly
symptomatic COVID-19 subjects living in Trieste munici-
pality who tested positive during March and April 2020 as
described.9 Subjects were considered mildly symptomatic
if they had symptoms of COVID-19 without evidence of
lower respiratory disease during clinical assessment or
imaging and the oxygen saturation was ≥94%.20 Patients
did not require hospitalization and therefore were consid-
ered suitable for being treated at home.
Controls were recruited from Hospital staff of Tri-

este University Hospital and Treviso General Hospital
who, according to institutional surveillance, were at least
biweekly tested for SARS-CoV-2 with polymerase chain
reaction (PCR) until the time of the psychophysical eval-
uation. Controls were enrolled on a voluntary basis among
those who consistently tested negative for SARS-CoV-2
infections and matched 1:1 to cases by sex and age (±3
years) at the time of evaluation.
Exclusion criteria for both cases and controls were as

follows: (1) previous surgery, trauma, or radiotherapy in
the oral and nasal cavities; (2) chronic rhinosinusitis;
(3) neurological/psychiatric disorders; and (4) preexisting
olfactory/gustatory dysfunction (patients were asked: “Did
you have an impairment in the sense of smell or taste
preceding COVID-19 diagnosis?”). Both cases and controls
underwent nasal fiber optic endoscopy at the time of the
enrolment.

2.1.1 Self-assessment of chemosensory
perception

Upon enrolment into the study, 1 year after COVID-19,
patients were asked to self-evaluate the alteration in olfac-
tory or gustatory perception during the acute phase of

COVID-19 and whether it was still present. More pre-
cisely, self-reported chemosensory function during the
acute phase of the disease, at the enrolment, and 2 years
after the infection, was evaluated by 22-item Sino-Nasal
Outcome Test (SNOT-22), item “Sense of smell or taste,”
scored on a six-point Likert scale.21

2.2 Psychophysical olfactory and
gustatory assessment

Psychophysical evaluation was performed 1 and 2 years
after SARS-CoV-2 infection in clinical subjects, whereas
healthy subjects underwent the same evaluation at the
time of enrolment. Orthonasal olfactory function was
assessed using the validated extended Sniffin’ Sticks test
battery (Burghart Messtechnik, Holm, Germany) includ-
ing phenylethyl-alcohol odor thresholds, odor discrim-
ination, and odor identification.22 Retronasal olfactory
function was tested using 20 powdered tasteless aro-
mas (Givaudan Schweiz AG, Dubendorf, Switzerland)
as described by Yoshino et al.23 The gustatory assess-
ment was performed using the Taste Strips test (Taste
Strips; Burghart Messtechnik, Holm, Germany) accord-
ing to a standardized protocol.24 Orthonasal function was
expressed through a Threshold, Discrimination, and Iden-
tification (TDI) score, indicating normosmia (TDI≥ 30.75),
hyposmia (TDI 16.25–30.50) and anosmia (TDI ≤ 16.0).
To estimate the overall rate of improvement, an increase
of 5.50 points or more in TDI score was considered
a minimal clinically significant difference for subjec-
tive improvement in olfactory function, as described.25
By Taste Strips test a Taste Strips Score (TSS) was cal-
culated and used for the identification of hypogeusia
(TSS < 9 points) and normogeusia (TSS ≥ 9 points).
A compromised orthonasal and retronasal identification
ability was defined as score < 12.26,27 More details on
psychophysical evaluation and statistical methods are
in the online Supporting Information Methods. At 1-
year evaluation, cases self-reporting an OD and all par-
ticipants showing an OD at psychophysical evaluation
were advised starting with olfactory training according to
guidelines.28

2.2.1 Nasal trigeminal chemesthesis

To obtain an approximation of nasal trigeminal function,
each participant was asked to sniff freshly prepared 70%
acetic acid solution and indicate the intensity of the sting-
ing on a Visual Analogue Scale (VAS) with a range score
of 0–100 (i.e., 0 as no perception to 100 as extremely strong
perception).
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4 CHEMOSENSORY ASSESSMENT IN LONG COVID-19

2.3 Statistical analyses

The sample size was calculated as described in our first
previous research timeline.9 Qualitative variables were
reported as percentagewith corresponding 95% confidence
intervals (CIs) according to Clopper-Pearson. Variation
in the prevalence of independent samples was calculated
as the difference in percentages with corresponding 95%
CI. To compare paired proportions, McNemar’s test was
used. Continuous variables were reported as median val-
ues with interquartile range (IQR). Median differences
and corresponding 95% CIs around the point estimate
were computed using Hodges-Lehmann method. Statis-
tical analysis was conducted with R (version 4.2.1, R
Foundation for Statistical Computing, Vienna, Austria).

3 RESULTS

3.1 Patients’ characteristics

The 1-year and 2-year psychophysical assessments of the
olfactory and gustatory function took place after a median
of 409 days (range, 366–461 days) and 765 days (range, 739–
800 days) from the first SARS-CoV-2 positive swab, respec-
tively. Of 100 patients with mild COVID-19 completing
the 1-year follow-up evaluation, 93 (93.0%) responded and
completed the 2-year follow-up interview and psychophys-
ical assessment (median [IQR] age, 49 [37–56] years; 38
[40.9%] men). Sociodemographic and clinical characteris-
tics of 93 cases and 93 controls are summarized in Table 1.
Eight patients (8.6%) had documented re-infection with
SARS-CoV-2 during the period when the Omicron vari-
ant was prevalent. None of these reported changes in
chemosensory symptoms following re-infection.

3.2 Self-reported chemosensory
function

Sixty-two patients (66.7%, 95% CI: 56.1–76.1%), reported an
altered sense of smell or taste (SNOT-22 > 0) at baseline,
28 (30.1%, 21.0–40.5%) at 1-year, compared with 18 (19.4%,
11.9–28.9%) at the 2-year visit. Among the 62 patients with
COVID-19–associated smell or taste dysfunction during
the acute phase of the disease at baseline, 44 (71.0%, 95%CI:
58.1–81.8%) reported complete resolution after 2 years, 13
(21.0%, 11.7–33.2%) reported a decrease in the severity, and
5 (8.1%, 2.7–17.8%) reported the symptom was unchanged
or worse.

3.3 Olfactory function and nasal
trigeminal chemesthesis

Cases performed poorly compared with controls, both at
1-year and 2-year follow-up, across all orthonasal olfac-
tory sub-tests including TDI as well as the combined
TDI score (Figure 1 and Table S1). Although a significant
improvement was seen between 1-year and 2-year evalu-
ation in identification and discrimination capabilities, no
improvement was observed concerning threshold. On an
individual basis, 19 subjects (20.4%) exhibited improve-
ment of more than 5.5 points in the TDI score from 1-year
to 2-year follow-up, whereas 7 (7.5%) subjects exhibited a
decrease > 5.5 points. Among cases, the rate of orthonasal
OD (TDI ≤ 30.50) fell from 42.0% at 1-year evaluation
to 27.9% at 2-year follow-up (absolute difference, −14.0%;
CI, −21.8% to −2.6%; p = 0.016). Two years after the
infection, subjects with prior COVID-19 were significantly
(p = 0.005) more likely than controls to have an altered
sense of orthonasal smell (27.9% vs. 10.8%; absolute differ-
ence, 17.2%; 95% CI, 5.2% to 28.8%) (Figure 2 and Table S2).
Three patients (3.2%) were functionally anosmic at 2-year
follow-up compared to 0% of controls (absolute difference,
3.2%; 95% CI, −1.4% to 9.1%). Figure 3 showed the preva-
lence of anosmic, hyposmic, and normosmic cases at 1-year
and 2-year follow-up according to TDI score.
A significant improvement in the orthonasal olfactory

identification function was observed between 1-year and
2-year evaluation in cases (40.9% vs. 12.9%; absolute dif-
ference, −28.0%; 95% CI, −31.7% to −18.0%; p < 0.001),
whereas no significant differences (p = 0.220) were seen
between cases at 2 years and controls (Figure 2 and Table
S2). A significant improvement in the retronasal olfactory
function was observed between 1-year and 2-year evalua-
tion in cases and no significant differences in retronasal
smell were seen between cases at 2 years and controls
(Figure 1 and Table S1). On individual basis, a decline in
the prevalence of retronasalOD (retronasal score < 12)was
observed at 2-year compared to 1-year evaluation (8.6% vs.
16.1%; absolute difference, −7.5%; 95% CI, −18.0% to 2.9%;
p= 0.077). A nonsignificant (p= 0.211) absolute difference
of 5.4% (95% CI, −2.2% to 13.5%) was observed between the
prevalence of retronasal dysfunction in controls (3.2%) and
that observed in cases (8.6%) at 2-year follow-up (Table S2).
The estimation of the trigeminal sensitivity by VAS after

sniffing a 70% acetic acid solution revealed significant
lower VAS scores in cases compared to controls both at 1-
year and 2-year follow-up assessment. No improvement in
trigeminal sensitivity was observed in cases between 1-year
and 2-year evaluation (Table S1).

 20426984, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/alr.23148 by U

niversitá D
el Salento Ser Inf B

ibliot "L
a Stecca", W

iley O
nline L

ibrary on [16/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



BOSCOLO-RIZZO et al. 5

TABLE 1 Sociodemographic and clinical characteristics of cases and age and sex-matched controls.

Participants, n (%)
Characteristic Cases (n = 93) Controls (n = 93) Difference (95% CI)
Age (years), median (IQR) 49.0 (36.5 to 56.0) 49.0 (36.0 to 56.5)
Sex, n (%)
Female 55 (59.1) 55 (59.1)
Male 38 (40.9) 38 (40.9)

Smoking habits, n (%)
Current 18 (19.4) 23 (24.7) 0.05 (−0.07 to 0.17)
Former 20 (21.5) 15 (16.1) 0.05 (−0.06 to 0.17)
Never 55 (59.1) 55 (59.1) 0.00 (−0.14 to 0.14)

Drinking habits, n (%) 0.08 (−0.07 to 0.22)
Current 35 (37.6) 42 (45.2)
Never 58 (62.4) 51 (54.8)

Comorbidities (number), n (%) 0.06 (−0.06 to 0.19)
0 66 (71.0) 72 (77.4)
1–2 27 (29.0) 21 (22.6)

Comorbidity, n (%)
Immune suppression 2 (2.2) 0 (0.0) 0.02 (−0.01 to 0.05)
Diabetes 1 (1.1) 2 (2.2) 0.01 (−0.02 to 0.04)
Obesity (BMI ≥30 kg/m2) 10 (10.8) 2 (2.2) 0.09 (0.02 to 0.16)
Cardiovascular disease 9 (9.7) 16 (17.2) 0.08 (−0.02 to 0.17)
Cancer 1 (1.1) 0 (0.0) 0.01 (−0.01 to 0.03)
Chronic respiratory disease 6 (6.5) 2 (2.2) 0.04 (−0.02 to 0.10)
Kidney disease 0 (0.0) 0 (0.0) 0.00 (0.00 to 0.00)
Liver disease 2 (1.1) 0 (0.0) 0.01 (−0.01 to 0.03)

Abbreviations: BMI, body mass index; CI, confidence interval; IQR, interquartile range.

3.4 Gustatory function

Cases performed poorly in TSS compared with controls,
both at 1-year and 2-year follow-up (Figure 1 and Table
S1). Among cases, the prevalence of gustatory dysfunc-
tion (TSS < 9) decreased from 25.8% at 1-year follow-up
to 14.0% at 2 years (25.8%; absolute difference, −11.8%; 95%
CI,−24.2% to 0.6%; p= 0.098). A nonsignificant (p= 0.496)
absolute difference of 4.3% (95% CI, −5.8% to 14.4%) was
observed between the prevalence of gustatory dysfunction
in controls (9.7%) and that observed in cases (14.0%) at
2-year follow-up (Figure 2 and Table S2).

4 DISCUSSION

Two years after SARS-CoV-2 infections, cases scored lower
than controls on measures of olfactory and gustatory func-
tion, as well as on nasal trigeminal sensitivity subjective
perception. Particularly, cases still had a significant excess
of psychophysically measured OD compared to control
population (28% vs. 11%). Thus, chemosensory impairment

seems to be a highly prevalent component of long-COVID-
19 in patients with antecedent mild infection. Importantly,
these data refer to subjects who contracted the infec-
tion during the first wave of the COVID-19 pandemic
in Italy when the predominant circulating variant was
D614G, which carried a higher prevalence of OD.29 Recent
psychophysical data and case-controls studies based on
self-reported symptoms assessing the prevalence of OD
during the acute phase of the infection in the differ-
ent waves sustained by different variants have shown
that the impact on chemosensory disorders has signifi-
cantly diminished with the emergence of the Omicron
variant.30,31
In line with what observed in the present investiga-

tion, four independent studies reported the prevalence and
recovery rate of self-reported chemosensory dysfunction
2 years after SARS-CoV-2 infection with figures ranging
from 8% to 30%, and from 60% to 87%, respectively.32–35
However, only one study has evaluated the prevalence
of OD 2 years after infection by means of psychophysi-
cal evaluation, observing a persistent smell dysfunction
in 3% of cases.33 This much lower rate of OD compared
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6 CHEMOSENSORY ASSESSMENT IN LONG COVID-19

F IGURE 1 Scores for threshold (A), discrimination (B), identification (C), combined TDI score (D), taste (E), and retronasal smell (F) in
cases and controls. The top and bottom of the boxes represent the upper and lower quartiles, respectively; the horizontal lines within the boxes
indicate the medians; the whiskers show the range and the plotted points represent the outliers. TDI, threshold, discrimination, identification.

to that observed in the present study may at least in part
be due to the fact that only an orthonasal odor identi-
fication test was performed. In fact, based only on the
orthonasal identification test, the prevalence of OD at 2
years in the present study would have been 13%, less than
half of what was obtained with a complete evaluation of
the orthonasal function. It has already been observed that
the most compromised parameter following SARS-CoV-2
infection is the threshold.9 Moreover, here, we also noted
that, although cases significantly improved in discrimina-
tion and identification capabilities from 1 to 2 years after
the infection, no improvement was seen in threshold per-
formances. Thus, post-COVID-19 patients retaining an OD
could be particularly at risk of exposure to environmental
hazards.
In the present series, we observed a normalization of

olfactory function aftermore than 1 year after SARS-CoV-2
infection in 14% of subjects and overall, a clinically signifi-
cant late improvement was observed in 20% of cases. How-
ever, we also found that in about 8% of subjects the sense of
smell can fluctuate, thus indicating that continuous mon-
itoring of the evolution of the olfactory abilities may be

required. These fluctuations could be the consequence of
a concomitant nasal congestion causing recurrent conduc-
tive problems superimposing on any COVID-19–related
sensorineural deficit.36 However, only limited benefit has
been found using intranasal corticosteroids with respect
to improved olfactory scores in COVID-19.37 Although a
prospective study38 found that approximately 20% of con-
firmed postinfectious OD (PIOD) cases showed significant
improvement in olfactory scores following oral steroid
course, half of the responders had, however, no findings
of nasal inflammation; this suggests that congestion does
not fully account for the fluctuations reported.
We have not included patients with severe forms of

COVID-19 and this may influence the prevalence rates of
OD because it has been observed that the prevalence of
self-reported chemosensory dysfunction is more frequent
in subjects with mild to moderate disease.39 It is very prob-
able that patients suffering from severe forms of COVID-19
either are unable to report any alterations in the sense of
taste or smell, or neglect these symptoms, or that these
symptoms are not recorded by healthcare professionals. It
has been indeed seen how the prevalence of alterations
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BOSCOLO-RIZZO et al. 7

F IGURE 2 Prevalence of psychophysically assessed olfactory and gustatory dysfunction in cases and controls. (A) Prevalence of
olfactory dysfunction according to TDI score (defined by Sniffin’ Sticks score < 30.75). (B) Prevalence of orthonasal identification impairment
based on orthonasal identification score < 12. (C) Prevalence of retronasal identification impairment based on retronasal identification
score < 12. (D) Prevalence of gustatory dysfunction based on TSS < 9. Error bars indicate 95% CIs. CI, confidence interval; OD, olfactory
dysfunction; TDI, threshold, discrimination, identification; TSS, Taste Strips Score.

of smell in hospitalized patients increase from 33% to 98%
depending on whether the evaluation is made by means of
interviews or psychophysical tests, respectively.40
Although hypogeusia could very often be a consequence

of an impairment in the retronasal smell,41 a fraction of
subjects in the present series exhibited a true alteration
in the perception of basic tastes with the prevalence at 2
years being, however, lower than that of OD. Several poten-
tial mechanisms of the hypogeusia in COVID-19 have been
described,42 including a possible direct infection of the

taste buds by SARS-CoV-2.43 Furthermore, chemosensory
interaction after olfactory impairment has been described
and could be a reason for the observed lowering in both
taste function and nasal trigeminal perception.44
Intriguingly, cases exhibited a significantly reduced sen-

sitivity of the intranasal trigeminal system compared to
matched controls both at 1-year and 2-year evaluation,
without evidence of an improvement, confirming previ-
ous self-reported observations showing that chemesthesis
is significantly reduced in COVID-19.45 However, the
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8 CHEMOSENSORY ASSESSMENT IN LONG COVID-19

F IGURE 3 Prevalence of anosmic (TDI ≤ 16.0), hyposmic (TDI 16.25–30.50), and normosmic cases (TDI ≥ 30.75) at 1-year and 2-year
follow-up. Error bars indicate 95% CIs. CI, confidence interval; TDI, threshold, discrimination, identification.

mechanisms for trigeminal dysfunction are yet to be
elucidated. As a hypothesis, because trigeminal and olfac-
tory afferents share specific brain projection areas, they
could amplify each other.46,47 Thus, a decrease in olfac-
tory input could therefore decrease trigeminal perception.
However, a more accurate evaluation of trigeminal func-
tion is necessary in order to be able to formulate more
detailed hypotheses and study the possible pathogenetic
mechanisms of trigeminal dysfunction.
Numerous studies have suggested that acute viral infec-

tions (including COVID-19), even in the case of asymp-
tomatic manifestations, could affect cognition both in
the short and long term, and may facilitate cognitive
decline and the onset of dementia (primarily Alzheimer’s
disease).48 This could occur through direct infection of
the central nervous system (CNS) or indirectly through
neuroinflammation, or epigenetic, immunological, and
hypercoagulability changes that cause both structural
and functional alterations.49 Thus, the present findings,
in addition to describing the long-term prevalence and
recovery rates of smell and taste impairment in sub-
jects who were affected by mild to moderate forms of
COVID-19, mirror what has been observed in patients
affected by long COVID-19 dominated by the so-called
brain fog and characterized by short-term memory loss,
confusion, and difficulty concentrating.50 In fact, neu-
rocognitive disorders have also been reported more fre-
quently in patients who had mild to moderate forms of

COVID-19 without hospital admission and were in a sub-
stantial fraction of cases associated with OD.51 Of interest,
impairment in cognitive communication and attention
and executive functions associated with abnormalities in
the medial temporal lobe and gyrus rectus was observed in
mildly symptomatic or asymptomatic COVID-19 patients,
as well as brain patterns similar to neurodegenerative
processes.39,52–55 These observations provide a rationale
for conducting studies to evaluate potential attentional
and cognitive deficit in patients with persistent OD. Fur-
thermore, It is known that smell loss is one of the
prodromal symptoms of many neurodegenerative dis-
eases including Alzheimer’s and Parkinson’s diseases56
and disorders with impaired attentional capacity,57,58 with
mechanisms of OD being yet to be elucidated. Despite
there is no evidence yet that patients with post-COVID-
19 olfactory loss are at higher risk for neurodegenerative
diseases, the existence of a relevant fraction of patients
with persistent long-term OD should be enough to con-
sider that hypothesis anddesign studies to investigate these
aspects.
Finally, given that 645 million cases of COVID-19 have

been reported worldwide, health leaders, policy makers,
and research funders should allocate adequate resources
both to support chemosensory research and to sustain
health care professionals facing with an unprecedented
number of patients with olfactory and gustatory dysfunc-
tion.
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The main limitation of the present study is the absence
of a psychophysical evaluation prior to and during the
acute phase of the disease. Also, these data may not apply
to subjects with previous severe COVID-19 and patients
with recent infections sustained by Omicron variants
infections. In order to reduce the burden of assessment,
the study of trigeminal sensitivity was carried out using a
VAS scale after sniffing a highly concentrated acetic acid
solution. We believe that the study of nasal trigeminal
sensitivity should be further investigated in such patients
using ascending concentrations for threshold determi-
nation and/or a trigeminal lateralization test.59 During
the first psychophysical evaluation, all participants with
reported or detected OD were recommended to use olfac-
tory training. Unfortunately, we have no information on
training compliance and therefore cannot estimate the
impact of this treatment on olfactory recovery in cases.
The aim of this study was to evaluate the added bur-
den of COVID-19 related OD, and therefore participants
with known prior OD were excluded from both groups.
In doing so, we likely underestimate the true prevalence
of OD, which has been shown to be up to 20% in unse-
lected population studies.60 Finally, the control group was
not re-evaluated 1 year after the first evaluation. How-
ever, we believe that within 1 year there are no significant
spontaneous changes in chemosensory function.22,61 Fur-
thermore, given the enormous spread of the infection in
the last year, even if not documented, it would have been
unlikely that all subjects in the control group were still
COVID free at the time of the second evaluation.

5 CONCLUSION

Two years after SARS-CoV-2 infections, cases scored lower
than controls on measures of olfactory, gustatory, and
trigeminal nasal sensitivity functions. Although a propor-
tion of subjects recovered from long-lasting smell and taste
dysfunction, cases still exhibited a significant excess of OD
when compared to matched controls with SARS-CoV-2
infection increasing the prevalence of smell impairment in
the population by 2.5-fold. Health systems should be pre-
pared to face with an unprecedented number of patients
seeking counseling and care for this disabling morbidity.
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