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Abstract

Several studies have revealed either self-reported chemosensory alterations in large groups or
objective quantified chemosensory impairments in smaller populations of patients diagnosed
with COVID-19. However, due to the great variability in published results regarding COVID-19-
induced chemosensory impairments and their follow-up, prognosis for chemosensory functions
in patients with such complaints remains unclear. Our objective is to describe the various chemo-
sensory alterations associated with COVID-19 and their prevalence and evolution after infection.
A cross-sectional study of 704 healthcare workers with a RT-PCR-confirmed SARS-CoV-2 infection
between 2020 February 28 and 2020 June 14 was conducted 3-7 months after onset of symptoms.
Data were collected with an online questionnaire. Outcomes included differences in reported che-
mosensory self-assessment of olfactory, gustatory, and trigeminal functions across time points
and Chemosensory Perception Test scores from an easy-to-use at-home self-administered chemo-
sensory test. Among the 704 participants, 593 (84.2%) were women, the mean (SD) age was 42 (12)
years, and the questionnaire was answered on average 4.8 (0.8) months after COVID-19. During
COVID-19, a decrease in olfactory, gustatory, and trigeminal sensitivities was reported by 81.3%,
81.5%, and 48.0%, respectively. Three to 7 months later, reduced sensitivity was still reported by
52.0%, 41.9%, and 23.3%, respectively. Chemosensory Perception Test scores indicate that 19.5%
of participants had objective olfactory impairment. These data suggest a significant proportion of
COVID-19 cases have persistent chemosensory impairments at 3-7 months after their infection,
but the majority of those who had completely lost their olfactory, gustatory, and trigeminal sensi-
tivities have improved.
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Introduction

Coronavirus disease-2019 (COVID-19) is an ongoing major public
health challenge. Olfactory dysfunction (OD) is a specific symptom
that may affect approximately 60% of patients suffering from
COVID-19 (Spinato et al. 2020; von Bartheld et al. 2020; Whitcroft
and Hummel 2020) and is now considered as a stronger indicator
of COVID-19 than fever, cough, and shortness of breath (Gerkin
et al. 2021).

OD can be quantitative or qualitative. Quantitative OD is de-
fined by a reduction of olfactory sensitivity that can be either a com-
plete (anosmia) or a partial (hyposmia) loss of olfactory function
(Hummel et al. 2016). Qualitative OD describes an altered percep-
tion of olfactory stimuli: For example, parosmia is defined as the
perception of qualitatively altered smells, and phantosmia is defined
as the perception of a smell in the absence of an objective odorant
(Hummel et al. 2016; Sjolund et al. 2017). Overall, the prevalence
of OD in the general population is around 20% (Landis et al. 2004;
Yang and Pinto 2016), and all different forms of OD are associated
with reduced quality of life (Croy et al. 2014). In addition to OD,
COVID-19 also appears to affect other chemosensory modalities,
that is, gustation and trigeminal function (Cooper et al. 2020; Parma
et al. 2020).

Olfactory and other chemosensory dysfunctions may have det-
rimental effects. First, affected individuals can expose themselves to
harmful substances such as smoke, gas, or spoiled food (Gonzales
and Cook 2007; Schiffman 2007). It may trigger dysfunctional nu-
tritional patterns like increased salt and sugar consumption or an-
orexia (Mattes et al. 1990; Aschenbrenner et al. 2008). Individuals
with OD also have higher rates of anxiety and depression (Croy
et al. 2014; Kohli et al. 2016). Moreover, a functioning olfactory
system may be a necessity in some workplaces, such as healthcare,
where staff are required to have the ability to detect and qualify the
smell of urine, excrement, infected wounds, or abnormal smells of
breath (Kelly 2012).

Investigation of the long-term effects of COVID-19 on chemo-
sensory function is hindered by the recent onset of the pandemic
and other challenges: First, many studies on the prevalence of OD
during COVID include a relatively small number of participants
(Hintschich et al. 2020; Le Bon et al. 2021) or participants with
severe forms of COVID-19 (Moein et al. 2020; Speth et al. 2020).
Second, many studies on the prevalence of OD during COVID-19
also include participants with an unclear diagnosis of COVID-19
and/or self-diagnosis (Hopkins et al. 2020; Parma et al. 2020).
Lastly, although individuals with anosmia can usually evaluate
their olfactory function with accuracy (Lotsch and Hummel 2019),
this self-assessment is often challenging for individuals with inter-
mediate forms of OD (e.g., hyposmia) (Landis et al. 2003). Finally,
studies on persistent post-COVID-19 OD in the past year have
used various designs (objective measures [Lechien et al. 2021],
semiobjective [Petrocelli et al. 2021], or self-reported [Havervall
et al. 2021; Hopkins et al. 2021b] and collected data at varying
time intervals after onset of disease. For these reasons, to this date,
no consensus has been reached regarding the prevalence of post-
COVID-19 OD (Xydakis et al. 2021).

To comprehensively understand long-term olfactory, gustatory,
and trigeminal alterations after COVID-19, we analyzed ques-
tionnaire responses from a cohort of healthcare workers infected
with SARS-CoV-2 during the first wave of the pandemic (2020
February-2020 June). We also developed a Chemosensory Perception
Test (CPT), a formal test employing common household odorants
and tastants to enable accessible yet accurate self-evaluation of

chemosensory functions remotely on a large scale. The CPT is par-
ticularly useful when in-person testing is unsafe and testing a large
group of participants at distance with mailable tests such as the
UPSIT (Doty et al. 1984) is costly. Moreover, distance testing has
been reported to accurately monitor disease progression in at-risk
populations (Vaira et al. 2020a; Weiss et al. 2020).

Materials and methods

Participants
Participants were recruited from a Quebec healthcare worker cohort
who have had SARS-CoV-2 infection between 2020 February 28 and
2020 June 14. They were part of a study from the Institut National
de Santé Publique du Québec and had agreed to be contacted for
other research projects(Carazo et al. 2021). Inclusion criteria were
as follows: (i) RT-PCR-confirmed COVID-19, (ii) above 18 years of
age, (iii) French or English speakers, (iv) completed the online ques-
tionnaire, and (v) did not report of other respiratory diseases (bac-
terial or viral infection, or/and allergies with rhinorrhea) within 2
weeks prior to questionnaire completion or chronic sinusitis (Fig. 1).
This study was reviewed and approved by the research ethics
board of the CHU de Québec-Université Laval (MP-20-2021-
5228), and all protocols were reviewed by an independent Scientific
Review Committee. This study also complies with the Declaration of
Helsinki for Medical Research Involving Human Subjects. All parti-
cipants provided an online informed consent prior to participation.
The study received funding from the Fonds de recherche du Québec-
Santé. No compensation or incentive was offered for participation.
Data were collected from 2020 August 11 to 2020 October 29. Up
to 4 attempts were made to reach by email potential participants. At
the time of data collection, participants were 3—7 months after the
onset of COVID-19 symptoms.

Online questionnaire

All participants were asked to complete an online questionnaire that
was adapted from the core questionnaire of the Global Consortium
on Chemosensory Research (Parma et al. 2020).

Demographic information.
In the first part of the questionnaire, demographic information was
collected from all participants. Participants were then instructed to
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Fig. 1. Flowchart of participant inclusion/exclusion procedures. Flowchart of
the study design. INSPQ, Institut national de santé publique.
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provide medical history and indicate the presence of specific COVID-
19 symptoms (Fig. 2).

Chemosensory self-assessment.

Participants were asked to self-evaluate and report their olfactory,
gustatory, and trigeminal sensitivity using a 10-point visual analog
scale (VAS; Fig. 2) for 3 time points: (i) before SARS-CoV-2 infec-
tion, (ii) during SARS-CoV-2 infection, and (iii) at questionnaire
completion. The specific definition of each chemosensory modality
was presented prior to self-evaluation of each chemosensory mo-
dality as follows: Olfaction: The following questions relate to your
sense of smell (for example, sniffing flowers or soap, or smelling
garbage) but not the flavor of food in your mouth; Gustation: The
following questions are related to your sense of taste. For example,
sweetness, sourness, saltiness, bitterness experienced in the mouth;
Trigeminal: The following questions are related to other sensations
in your mouth, like burning, cooling, or tingling. For example, chili
peppers, mint gum or candy, or carbonation. Furthermore, informa-
tion on the presence of parosmia or phantosmia following the infec-
tion (Landis et al. 2010) and alterations in the 5 tastes (sweet, salty,
sour, bitter, umami) was collected.

Chemosensory Perception Test.

Items commonly found in North American households were used to
assess participants’ olfactory and gustatory functions, as odor inten-
sity is the best single predictor to classify individuals with normosmia
(Parma et al. 2021). Participants had to smell 3 substances (peanut
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butter, jam/jelly, and coffee) and rate odor intensity on a 10-point
VAS (0 = no smell at all; 10 = very strong smell). We obtained olfac-
tory scores by averaging these ratings. Pilot data on a total of 93 par-
ticipants show these scores to accurately detect OD when compared
to the Sniffin’ Sticks (cutoff score: 6/10; sensitivity: 0.765; specificity:
0.8935; Supplement 3). Participants were asked to prepare saline and
sweet water by dissolving respectively a teaspoon of salt or 3 tea-
spoons of sugar in a cup (250 mL) of lukewarm water. Then, they
were asked to taste saline and sweet water and to rate taste inten-
sities on a 10-point VAS. We obtained gustatory scores by averaging
these ratings. An ongoing study is comparing CPT gustatory scores
with the Waterless-Empirical Taste Test—Self-Administered (Doty
et al. 2021), but too few participants have been recruited to this to
establish its accuracy (Supplementary Material 3).

Statistical analyses

A Python script (Python 3.7.5, Python Software Foundation, https:/
www.python.org) was used to process raw questionnaire data and
to calculate the number of participants reporting COVID-19 symp-
toms, chronic conditions and recent respiratory illnesses. Processed
data were analyzed and visualized with SPSS 26.0 (IBM Corp,
Armonk, NY), GraphPad Prism 8.3.1 (GraphPad Prism Software,
San Diego, CA) and Raincloud plots(Allen et al. 2021).

Parametric (ANOVA) or nonparametric (Friedman) tests were
chosen depending on whether normality assumption was fulfilled.
To evaluate the effects of COVID-19 on modality (olfactory, gusta-
tory, and trigeminal) and time (prior to, during, and after COVID-19

Fig. 2. Web-based interface and structure of the online questionnaire. Left, Self-rating of olfaction and reporting of CPT using VAS through the web-based inter-
face, as viewed by the participant. Right, Sections of the online questionnaire. VAS, visual analog scale.
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infection), for gender (women, men), repeated-measures (rm) ANOVA
with age as a covariate were computed. To disentangle interactions,
separate rmANOVA were carried out for individual modalities and
time points with the same factors. Greenhouse-Geisser corrections
were used for sphericity and Tukey’s multiple comparisons test were
used for post hoc comparisons. Friedman’s test was followed by
Dunn’s post hoc test to correct for multiple comparisons. To assess
the correlation between self-reported olfactory, gustatory, and tri-
geminal abilities and results of the CPT, Pearson correlation coef-
ficient or Spearman’s rank correlation coefficient was used. For all
statistical tests, alpha was set at 0.05. All results are expressed as
mean (SD) unless otherwise specified.

Results

Characteristics of participants

A total of 704 healthcare workers (593 [84.2%] women, mean age
of 42.0 [SD: 11.7, range 18 —70] years) were included. The question-
naire was completed on average 4.8 (SD: 0.8, range 3-7) months
after symptoms onset. COVID-19 symptoms reported by the 704
participants are listed in Table 1.

Quantitative disorders

Before COVID-19, average self-reported score was 9.0 (1.6), 9.2
(1.3), and 8.9 (1.9) of 10 for olfaction, gestation, and trigeminal
0.7%, and 1.8%,
respectively, reported an absence of olfaction, gestation, and tri-

function, respectively. Among participants, 0.9%
> Fesp! Yy g p P s 5

geminal function (score 0; Fig. 3). During COVID-19, average self-
reported score was 2.6 (3.6) for olfaction, 3.4 (3.6) for gustation,
and 7.0 (3.0) for trigeminal sensitivity. In the 704 participants,
51.1%, 33.5%, and 5.7% reported absence of olfaction, gustation,
and trigeminal function. At time of questionnaire completion, mean
scores were 7.4 (2.5), 8.0 (2.2), and 8.5 (2.2) for olfaction, gustation,
and trigeminal function, respectively, and the absence of chemical
senses was reported, respectively, by 1.4%, 0.7%, and 2.3%. Weak
correlations were found between the time since infection and the
self-reported olfactory and gustatory scores at questionnaire com-
pletion (olfaction: p = 0.11; gustation: p = 0.14; both P < 0.001;
trigeminal p = 0.06; P = 0.11).

Compared with the baseline chemosensory functions before
COVID-19, 572 (81.3%), 574 (81.5%), and 338 (48.0%) reported

Table 1. COVID-19 symptoms of the 704 participants

Symptoms at time of SARS-CoV-2 infection No. (%)

Fever 353 (50.1)
Dry cough 361 (51.7)
Cough with mucus 7 (10.9)
Dyspnea 316 (44.9)
Chest tightness 201 (28.6)
Runny nose 226 (32.1)
Sore throat 330 (46.9)
Changes in food flavor 471 (66.9)
Changes in smell 520 (73.9)
Loss of appetite 323 (45.9)
Headache 518 (73.6)
Muscle aches 444 (63.1)
Fatigue 611 (86.8)
Diarrhea 259 (36.8)
Abdominal pain 102 (14.5)
Nausea 179 (25.4)

lower olfactory, gustatory, and trigeminal sensitivity during COVID-
19, respectively. Olfactory and gustatory dysfunction were present
in similar proportions (x*(2, N = 704) = 0.02, P = 0.891) and were
different to trigeminal (olfaction: (2, N = 704) = 174.81 P < 0.001;
gustation: y2(2, N = 704) = 174.56, P < 0.001). Three to 7 months
after the infection, 366 (52.0%), 295 (41.9%), and 164 (23.3%)
reported lower olfactory, gustatory, and trigeminal sensitivity com-
pared to before COVID-19 (Table 2), respectively. These proportions
were significantly different between all 3 chemosensory systems
(#2(2, N = 704) = 123.46, P < 0.001).

Overall, there were significant effects of modality
(F(2,1402) = 42.83, P < 0.001, nﬁ = 0.058; olfactory < gustatory
< trigeminal; all P < 0.001), time (F(2,1402) = 118.47, P < 0.001,
n,% = 0.145; during < after < before; all P < 0.001), and gender
(F(1,701) = 5.52, P = 0.019, nﬁ = 0.008; women < men) and signifi-
cant interactions between these factors (modality x time, modality
x time x gender; all P < 0.001) on chemosensory self-evaluation. To
disentangle these interactions, we analyzed data separately per che-
mosensory modality and time points.

Chemosensory modality.

With regards to olfactory function, significant main effects of time
(F(2,1402) = 165.07, P < 0.001 n% = 0.191; during < after < before;
all P < 0.001; Fig. 3A), age (F(1,701) = 4.42, P = 0.012, n? = 0.009),
and gender (F(1,701) = 4.42, P = 0.036, 771% = 0.006; women < men)
were revealed. In addition, we observed significant interactions of
time x age (F(2,1402) = 23.39, P < 0.001, n? = 0.032) and time x
gender (F(2,1402) = 21.69, P < 0.001, 771% =0.030).

With regards to gustatory function, we observed significant main
effects of time (F(2,1402) = 102.97, P < 0.001, 771% =0.128; during <
after < before; all P < 0.001; Fig. 3B) and gender (F(1, 701) = 9.80,
P =0.002, 771% = 0.014; women < men), but no effect of age. We also
observed significant interactions of time x age (F(2, 1402)) = 5.97,
P = 0.005, 771% = 0.008) and time x gender (F(2, 1402)) = 20.02,
P <0.001, 7} = 0.028).

With regards to trigeminal function, we observed significant
main effects of time (F(2,1402) = 3.91, P = 0.020, 775 =0.006; during
< after < before; all P < 0.001; Fig. 3C), and age (F(1,701) = 5.08,
P = 0.025, 77[% = 0.007) but no effect of gender. We also identified
significant interactions of time x age (F(2, 1402) = 4.70, P = 0.016,

= 0.007) and time x gender (F(2, 1402) = 4.50, P = 0.019,
nﬁ =0.006).

Time point.
With regards to chemosensory function before infection, we ob-
served a significant effect of gender (F(1,701) = 8.52, P = 0.004,
77,% = 0.012; men < women), but not of modality, age, or inter-
actions. During COVID-19, we observed a significant effects of
modality (F(2, 1402) = 96.714, P < 0.001, 7713 = 0.121; olfaction
< gustation < trigeminal; all P < .001), gender (F(1, 701) = 21.98,
P < 0.001, 17’% = 0.030; women < men), and age (F(1, 701) = 4.74,
P = 0.030, 17[% = 0.007). Furthermore, we found significant inter-
actions modality x age (F(2,1402) = 24.185, P < 0.001, 771% =0.033)
and modality x gender (F(2, 1402) = 6.76, P =.002, 771% = 0.010).
Finally, after infection, we observed a significant effect of modality
(F(2, 1402) = 9.91, P < 0.001, 7]1% = 0.014; olfaction < gustation
< trigeminal; all P < 0.015), but not of gender or age, nor any
interaction.

Compared with baseline (before infection), changes in chemo-
sensory function were correlated for all modalities during infec-
tion (olfaction—gustation: p = 0.69; gustation—trigeminal: p = 0.43;
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COVID-19.

Table 2. Self-reported chemosensory alterations by age group and gender during and 3-7 months following COVID-19 (n = 704)

During acute COVID-19

3-7 months after COVID-19

Olfaction Gustation Trigeminal Olfaction Gustation Trigeminal
Age Gender N (%) N (%) N (%) N (%) N (%) N (%)
18-29 M (N =11) 9 (81.8) 9 (81.8) 4 (36.4) 6 (54.5) 5(45.5) 3(27.3)
F(N=115) 106 (92.2) 106 (92.2) 54 (47.0) 68 (59.1) 55 (47.8) 16 (13.9)
30-39 M (N = 26) 3 (88.5) 1(80.8) 12 (46.2) 13 (50.0) 7 (26.9) 4(15.4)
F(N=153) 133 (86.9) 129 (84.3) 77 (50.3) 83 (54.2) 63 (41.2) 37 (24.2)
40-49 M (N =33) 3(69.7) 3(69.7) 13 (39.4) 12 (36.4) 9(27.3) 5(15.2)
F (N =1695) 142 (85.5) 137 (83.0) 83 (50.3) 97 (58.8) 77 (46.7) 42 (25.5)
50-59 M (N =28) 3 (46.4) 4(50.0) 9(32.1) 7 (25.0) 7 (25.0) 4 (14.3)
F (N =128) 100 (78.1) 102 (79.7) 66 (51.6) 62 (48.4) 57 (44.5) 39 (30.5)
60+ M (N = 13) 5(38.5) 6 (46.2) 5(38.5) 2 (15.4) 1(7.7) 3(23.1)
F(N=32) 9(59.4) 7 (84.4) 15 (46.9) 16 (50.0) 14 (43.8) 11 (34.4
Total (N = 704) 572 (81.3) 574 (81.5) 338 (48.0) 366 (52.0) 295 (41.9) 164 (23.2)
olfaction—trigeminal: p = 0.33; all P < 0.001, Fig. 4A-C) and after Discussion

infection (olfaction-gustation: p = 0.69; gustation—trigeminal:
p = 0.40; olfaction—trigeminal: p = 0.36; all P < 0.001, Fig. 4D-F).

Qualitative disorders

Among included participants, 78 (11.1%) reported parosmia, 73
(10.4%) experienced phantosmia, and/or 82 (11.6%) had waxing
and waning of olfaction following infection. In addition, 42 (6.0%)
claimed that they experienced other forms of OD (hyposmia to spe-
cific substances, hyperosmia, parosmia only at high concentrations
or slow identification times).

Furthermore, 335 (47.6%) participants reported changes to per-
ception of sweet, 338 (48.0%) salty, 293 (41.6%) sour, 309 (43.9%)
bitter, and 281 (39.9%) umami. A total of 275 (39.1%) participants
reported alterations in all § tastes.

Chemosensory perception test

Among the 704 participants, 137 (19.5%) had a CPT score sug-
gestive of OD. Mean CPT scores were lower for olfaction than gus-
tation (7.84 (1.78) vs 8.42 (2.31); Z = 8.193, P < 0.001). Neither
age nor gender had an effect on CPT scores. CPT scores correlated
with self-reported chemosensory abilities at testing time (olfaction:
p = 0.67; gustation: p = 0.51; P < 0.001 for both).

This study reports chemosensory dysfunction 3 to 7 months fol-
lowing SARS-CoV-2 infection in a large cohort of RT-PCR-
confirmed health care workers. In addition to confirming the now
well-established detrimental effect of acute COVID-19 on all 3
chemosensory systems (olfactory, gustatory, trigeminal), our major
findings are as follows: (i) the detrimental effect of COVID-19 lasts
beyond the acute phase after the infection, half of those affected indi-
cated that olfactory function had not returned to the baseline levels
3-7 months later, whereas 20% of infected participants reported
scores in a formal test that are consistent with the presentation of
hyposmia/anosmia; (ii) approximately 10% of the patients exhibit
parosmia and/or phantosmia; and (iii) women are more heavily af-
fected than men.

We observed chemosensory dysfunction in the acute phase of
COVID-19, which was most pronounced for olfactory function,
but less so for gustatory function and even less for trigeminal func-
tion. The proportion of participants describing OD and GD in the
acute phase of COVID-19 in this study was comparable to earlier
studies (Hajikhani et al. 2020). Although the proportions of par-
ticipants indicating a decrease in olfaction or gustation were com-
parable, the olfactory system seems to be more severely impaired.
Given the cross-sectional design of the present study, recall bias



Chemical Senses, 2021, Vol. 46

A B C
e 10 2 107 2 10
- é fa]
® = =
w 0 54 (=} ®)
g = O O
il | i o - SRR 3 =] .
L0 33 T 3 T T EE 2323 4 T T £E ST ERTLEL T T
§o -10 53¢ 5 10 c3 -iu:;ﬂ-s 5 10 c3 -f0r ¢ 158 5 10
'ﬁ': 338iss -5 %c :o. ‘gg: 23s
58 33332 .2 3332 2.9 s
L RN £ 13 S00RIVE 88 ¢ i |
-10 2 -10 5 -10
alteration in during COVID-19 alteration in « tion during COVID-19 alteration in gustation during COVID-19
D E F
c 10+ 2 10 =y 10
= [a} [
82 s S
4 8 8
o> o (&}
= w
EQ ittty ‘Eg REE RS T 32711 T T DAL _Eg EEEAS TS S5 ¢ ¥ T AL r
il 10 s2ss 10 5 -10 sss 10 c® -10 ssse 10
25 . S c Sc¢c
g & B8 52
°
% 22 2 e
10 © 3 -10- ® 3 -10
alteration in n after COVID-19 alteration in after COVID-19 alteration in gustation after COVID-19

Fig. 4. Correlations between alterations in chemosensory modalities (n = 704). Red squares, correlations between alterations in olfaction, gustation, and trigem-
inal functions during COVID-19. Gray hexagons, correlations between alterations in olfaction, gustation, and trigeminal functions after COVID-19. Darker colors

indicate higher occurrence.

may have a role to play in the prevalence of OD and GD in similar
study populations, but published studies with little to no recall bias
also report equivalent prevalence of OD and GD (Andrews et al.
2020; Lechien et al. 2020; Petrocelli et al. 2021). Longitudinal
studies are needed to further assess the relationship between OD
and GD in COVID-19. Nevertheless, on average 4.8 months after
infection and thus well after the acute phase, approximately 50%
and 40% of patients reported persistent alterations in olfactory
and gustatory function, respectively; these numbers are higher than
what has been reported in some studies (Boscolo-Rizzo et al. 2021;
Capelli and Gatti 2021; Lechien et al. 2021) and lower than re-
ported by others (Hopkins et al. 2021b). The great variability in
these results is due to very different study designs (self-report vs.
psychophysical test; prospective vs. cross-sectional) and studied
populations (of different ethnicity and under different effects of
selection bias), which either influence the measure of OD and GD
in study populations or directly impact the baseline prevalence of
OD and GD during COVID-19, offsetting all prevalence calculated
at further points (Mazzatenta et al. 2020; von Bartheld et al. 2020).
For instance, in the study population included in this study, preva-
lence of OD decreases to 18.9% of participants when measured
using the CPT at 4.8 (SD: 0.8) months after infection. The differ-
ence in these frequencies could be due to a higher sensitivity of the
self-reported alterations compared with the CPT. Participants with
milder forms of persistent hyposmia or with higher baseline olfac-
tory sensitivity may have higher scores on the semiobjective CPT
yet have not recovered entirely. We found a moderate-to-strong
correlation between self-reported olfactory and gustatory changes,
which were stronger than with self-reported trigeminal changes.
This could be due to similar pathophysiological alterations in the
olfactory and gustatory systems and their differences from that of
the trigeminal system. Knowing that the general population often
mixes up retro-olfaction (perceiving odors from the substances in
the mouth traveling posteriorly and rostrally to the olfactory epi-
thelium) with taste, an alternative explanation would be a mis-
understanding of this nuance by participants despite the fact that

specific definitions for each modality were given (Landis et al.
2005; Malaty and Malaty 2013). The latter hypothesis is more
probable since the correlation between gustatory self-report and
CPT gustatory scores using strict gustatory stimuli (salt, sugar) is
lower than the correlation between olfactory self-report and CPT
olfactory scores. When tasting strictly gustatory stimuli in the CPT,
participants reflect solely on their sense of taste, without the in-
fluence of retronasal sensations. These tests have the potential to
be more accurate than simple subjective measures and could sim-
plify large-scale psychophysical chemosensory testing. Others have
reported the usefulness of similar self-administered chemosensory
tests in the detection and follow-up of COVID-19-induced chemo-
sensory dysfunctions (Vaira et al. 2020c; Petrocelli et al. 2021).
Different theories have been proposed to explain the persistence of
OD in certain individuals, ranging from olfactory epithelium dys-
function to central nervous system infection (Bilinska and Butowt
2020; Butowt and von Bartheld 2020; Solomon 2021). Since
cells of the olfactory epithelium possess the ability to regenerate,
the reestablishment of olfactory function is possible in the con-
text of postinfectious OD (Cavazzana et al. 2018), as well as in
COVID-19-related OD, where 75-85% of the affected individuals
recovered olfactory function within 60 days (Mullol et al. 2020;
Lechien et al. 2021). The exact rate of olfactory recovery is still un-
known, whereas post-COVID-19 OD prevalence ranges from 11%
to 60% at 6 months according to a recent study (Xydakis et al.
2021). In addition to OD and GD, TD has also been reported in
patients with COVID-19 (Cooper et al. 2020; Parma et al. 2020).
Persistent chemosensory dysfunctions may be a sign of chronic
central nervous system alterations (Gori et al. 2020; Wu et al.
2020), and there is now evidence that SARS-CoV-2 can infect ol-
factory sensory neurons in humans (Meinhardt et al. 2021; de
Melo et al. 2021). Other viruses, such as the Japanese encephalitis
virus, Varicella-Zoster virus, measles virus, human immunodefi-
ciency virus, and CoVs, were shown to invade the CNS (Koyuncu
et al. 2013). Febrile seizures, loss of consciousness, convulsions,
ataxia, status epilepticus, encephalitis, myelitis, neuritis, and
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extrapyramidal symptoms are among extrapulmonary symp-
toms that have been described (Bohmwald et al. 2018). However,
no evidence of intraparenchymal replication has been found yet.
Additional findings include the presence of local immune processes
(Saussez et al. 2021) and persistence of viral fragments in the ol-
factory epithelium (de Melo et al. 2021). Therefore, chronic post-
COVID-19 inflammation in the olfactory pathway (epithelium,
bulb) with or without direct infection is the most probable patho-
physiological explanation of post-COVID-19 OD (Kirschenbaum
et al. 2020; Vaira et al. 2020b; Xydakis et al. 2021). The persistence
of postinfectious neurological inflammation may contribute to the
development or aggravation of chronic neurological diseases such
as Parkinson’s disease, multiple sclerosis, or psychiatric outcomes
(Morris 19835; Johnson-Lussenburg and Zheng 1987; Fazzini et al.
1992; Murray et al. 1992; Stewart et al. 1992; Cristallo et al. 1997;
Arbour et al. 2000; Koyuncu et al. 2013; Cohen et al. 2020; Taquet
et al. 2021). These patients should be followed up to document the
development of neurological sequalae.

Moreover, approximately 10% reported parosmia and/or
phantosmia following SARS-CoV-2 infection. These qualitative
smell disorders usually involve unpleasant olfactory sensations
(rotten eggs, sewage, smoke). While the exact patho-mechanism of
parosmia and phantosmia are still to be elucidated, parosmia is prob-
ably linked to altered peripheral input/central processing of olfac-
tory stimuli (Iannilli et al. 2019). Importantly, patients with postviral
OD and parosmia exhibit better recovery rates following olfactory
training than those without parosmia (Liu et al. 2021). Follow-ups
will determine to what extent parosmia predicts a better outcome.

Women’s chemical senses were more affected than men during
and after COVID-19 infection. Women typically have better scores in
olfactory testing than men at baseline (Wang et al. 2019). However,
in line with our results, studies have revealed that women exhibit
a higher prevalence and a longer persistence of postviral OD (Liu
et al. 2016; Sorokowski et al. 2019). Gender differences could be ex-
plained by a multitude of neuroendocrine, social, and cognitive fac-
tors (Sorokowski et al. 2019). We also found that older individuals
have lower olfactory and gustatory sensitivities, especially during the
acute phase of COVID-19.

Currently, there is no approved therapy specifically for COVID-
19-induced OD, although experts agree that olfactory training could
be prescribed for COVID-induced OD as it has a significant effect
on olfactory function according to studies on other viral infections
(Damm et al. 2014; Sorokowska et al. 2017; Doty 2019; Huart
et al. 2021). Additionally, oral steroids, intranasal steroids and/
or omega-3 supplements may be prescribed on an individual basis
(Hopkins et al. 2021a). Most importantly, long-term follow-up of
these patients will be necessary to assess other signs of neurological
damage or spontaneous recovery, as recoveries can be possible after
a year in other postviral OD (Lee et al. 2014).

Limitations

Given the cross-sectional design of the study, a recall bias is pos-
sible for all self-reported peri-SARS-CoV-2 infection values before or
during the SARS-CoV-2 infection due to the 3- to 7-month gap. This
study did not control for potential confounding factors such as race
and level of education. Finally, the CPT requires further validation
for its gustatory and trigeminal components, and it relies on sub-
stances found in participants’ homes, which may lead to variation in
test results due to the differences in the brand, quality, or expiration
date of substances and consequently, their ability to trigger equal
sensorineural responses.

Conclusions

Nearly two thirds of SARS-CoV-2 infected patients had chemosen-
sory impairments during their infection, and despite improvements,
impairments persist in half of them 3-7 months after COVID-19.
Quantitative and qualitative OD as well as persisting gustatory and
trigeminal deficits were common in the cohort presented in this
study. Given the frequency of these problems and the possible neuro-
logical underpinnings of these observations, it will be critical to
understand the underlying mechanisms of these chemosensory dys-
functions, their evolution, and possible therapeutic options.
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