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INTRODUCTION

Since the novel severe acute respiratory syndrome-
coronavirus-2 (SARS-CoV-2) emerged in Wuhan, China,
coronavirus disease 2019 (COVID-19) has rapidly spread
worldwide leading to the current pandemic.1 Olfactory and
taste dysfunction (OD, TD) have been included among
the most frequent reported symptoms, with a prevalence
reported to be 47.85%.2
Studies published on COVID-19–related OD have

mainly assessed smell loss using patient-reported out-
come measures (PROMs) such as the visual analogue
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scale (VAS) and the 22-item Sino-Nasal Outcome Test
(SNOT-22).1 However, self-reported OD poorly correlates
with olfactory tests such as Sniffin’ Sticks (S’S).3
The aim of this study is to provide a prospective long-

term assessment of COVID-19–related OD using PROMs4
and S’S5 and to investigate their correlation.

METHODS

Patients with laboratory-confirmed SARS-CoV-2 infection
and OD/TD were selected from our Infectious Disease
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TABLE 1 PROMs, Sniffin’ Sticks scores,10 and percentage of normosmic, hyposmic, and anosmic patients at T0, T1, and T2

Parameter T0 (n = 101) T1 (n = 83) T2 (n = 22) p T0 versus T1a p T1 versus T2a

sVAS, mean ± SD 2.33 ± 3.18 6.35 ± 3.05 7.20 ± 2.71 <0.0001 0.0394
tVAS, mean ± SD 3.31 ± 3.46 7.39 ± 2.63 8.30 ± 1.90 <0.0001 0.1614
SNOT-22, mean ± SD 41.73 ± 18.24 16.12 ± 13.86 15.09 ± 11.74 <0.0001 0.1262
NS SNOT-22, mean ± SD 7.62 ± 5.46 2.76 ± 4.06 2.60 ± 3.99 <0.0001 0.1819
Threshold (T), mean ± SD – 5.90 ± 3.10 5.68 ± 2.71 – 0.0557
Discrimination (D), mean ± SD – 11.20 ± 2.90 12.18 ± 1.53 – 0.0009
Identification (I), mean ± SD – 11.50 ± 2.40 12.59 ± 1.44 – 0.0034
TDI score, mean ± SD – 28.50 ± 6.50 30.34 ± 4.27 – <0.0001
Normosmic, n (%) – 36 (43.4) 11 (50.0) – –
Hyposmic, n (%) – 45 (54.2) 11 (50.0) – –
Anosmic, n (%) – 2 (2.4) 0 (0.0) – –

Notes: sVAS/tVAS score range: 0 = the worst thinkable situation, 10 = not affected. NS SNOT-22 items: (1) need to blow nose, (2) sneezing, (3) runny nose, (4)
postnasal discharge, (5) thick nasal discharge, and (6) blockage/congestion of nose. TDI score: threshold + discrimination + identification.
Abbreviations: NS SNOT-22, SNOT-22 nasal symptoms items without considering those related to smell and taste dysfunctions; PROM, patient-reported outcome
measure; SD, standard deviation; SNOT-22, 22-item Sino-Nasal Outcome Test; VAS, visual analogue scale; sVAS, VAS for smell; tVAS, VAS for taste; T0, subjects’
enrollment; T1, first olfactory evaluation; T2, second olfactory evaluation.
aSignificant p values are in bold. Level of significance p < 0.05.

Department database and asked to complete the SNOT-
22 and VAS for smell and taste (sVAS, tVAS: 0 rep-
resents “absent” and 10 “not affected”). Exclusion cri-
teria included previous history of OD/TD, head and
neck tumors, chemo/radiotherapy, head trauma, chronic
rhinosinusitis and neurologic diseases. The study was
approved by the Hospital Research Ethics Committee Pro-
tocol 056881.
After disease recovery, patients who completed the ini-

tial screening (T0) were invited to undergo S’S5 evaluation
(T1), regardless of their reported olfactory function. SNOT-
22 and s/tVASwere repeated. Patientswith a confirmedOD
at T1 S’S had a second evaluation (T2) roughly 6 months
after their first assessment.
Paired t-test was used for statistical analysis except for

sVAS and tVAS, for which the exact Wilcoxon signed rank
test was used. Spearman correlation coefficient was cho-
sen to measure the relationship between the different
indicators.

RESULTS

A cohort of 101 consecutive COVID-19 subjects complain-
ing of chemosensory alteration completed the s/tVAS and
the SNOT-22 within one week of COVID-19 diagnosis (T0)
(Table 1).
Eighty-one patients underwent further evaluation with

S’S at T1 (median time 62 days [range, 41–165 days] from
diagnosis). Looking at the individual S’S subscores (thresh-
old, discrimination, and identification [TDI]), the percent-
age of patients below normal were 44%, 41%, 38%, respec-

tively, with the threshold being the most compromised
(Figure 1; Table 1), whereas the composite TDI S’S score
was below normal in 55.6% of patients. At T1 both sVAS
and tVAS showed a significant improvement when com-
pared to T0 (p < 0.0001, for both) and a statistically sig-
nificantmoderate correlation between sVAS and TDI score
was demonstrated (r= 0.42, p= 0.0009). About 55% (25/45)
of the S’S hyposmic patients “self-reported” their olfaction
as being recovered, whereas only 72.2% (26/36) of the S’S
normosmics reported their smell as normal.
Twenty-two patients with a confirmed S’S OD at

T1 received a further smell evaluation 6 months later
(T2 – median time, 230 days [range, 213–252] from diag-
nosis). Looking at the S’S subscores separately, only
the discrimination and identification scores significantly
improved when compared to T1 scores. At T2, only sVAS
demonstrated a significant improvementwith respect to T1
(p = 0.0394), whereas neither SNOT-22 nor tVAS changed
significantly (Figure 1; Table 1). Similarly, a statistically sig-
nificant correlation was not found between T2 sVAS and
TDI scores (r = 0.15, p = 0.5). At T2, 81.8% of normosmics
“self-reported” their olfaction as recovered, whereas 72.7%
of hyposmics reported smell as recovered.

DISCUSSION

Current evidence shows that OD is an early marker of
COVID-19 and one of the best predictors of SARS-CoV-
2 infection. Our COVID-19 study provides a prospec-
tive long-term evaluation of OD using both PROMs and
S’S. At the first olfactory evaluation (T1), 55.6% of the
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F IGURE 1 Box-plots showing the distributions of the differences between patients’ scores (TDI) and the normosmic minimum score
(10th percentile of the distribution of the scores for normosmic)10 at T1 and T2. The numbers indicate the proportion (decimals) of subjects
with normal scores (above the dotted line) and with pathological scores (below the dotted line). Dotted line: Normosmic minimum score.
Abbreviations: S’S: Sniffin’ Sticks; T1: first psychophysical olfactory test; T2: second psychophysical olfactory test. TDI, threshold,
discrimination, and identification.

patients were found to be hypo/anosmic according to the
TDI score. Interestingly, when we looked at the S’S sub-
scores separately, we observed that a lower percentage of
them showed below-normal scores. This highlights the
importance of subanalysis when evaluating smell function
using S’S because the sole use of identification tests for
screening may underestimate the real prevalence of olfac-
tory loss. Moreover, we found that at T2 only the discrim-
ination and identification scores improved significantly
when compared to T1, indicating that the odor threshold
is affected long-term.
A significant improvement in the self-reported olfactory

and taste loss was shown between T0 and T1, whereas only
sVAS improved significantly at T2 when compared to T1.
The absence of a T2 tVAS significant improvement could
be explained by the T1 tVAS already being at a normal
level, suggesting that TD in these patients is not linked
to an impairment of gustation itself but to a retronasal
impairment.6

The correlation between self-rated OD and S’S wasmod-
erate (r = 0.42) and significant (p = 0.0009) at T1, but not
significant at T2. The lack of correlation observed in the
late recovery-phase could be explained by a subject habit-
uation to OD or to the presence of milder smell impair-
ment, whichmay not be noticeable by the subject. Because
threshold represents the main component being affected
long-term, this would imply the patient’s OD lies with
their inability to smell odors at low concentration and
a potential end-organ pathogenesis. Our results confirm
that psychophysical smell tests remainmore sensitive than
PROMs7 and that the latter could be unreliable when used
to assess smell recovery in the long-term. Nevertheless, we
recognize that PROMs still remain of value in the evalua-
tion of new-onset smell loss given their good discrimina-
tive ability.8
The lag between T0 and T1 constitutes a study limita-

tion.Unfortunately, thatwasmainly related to the patients’
need to self-isolate and demonstrate negative swab tests
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before coming to the clinic in accordance with Italian
guidance.
In conclusion, when assessing olfactory performance in

patientswithCOVID-19–relatedODwediscourage the sole
use of PROMs and recommend the use of psychophysical
tests with additional subtest analysis. We also showed that
in COVID-19–relatedOD, threshold is themost affected S’S
subtest, suggesting an end-organ failure pathogenesis.9
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