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Abstract

Purpose One of the long-term symptoms of COVID-19 is phantosmia, a type of Olfactory Disorder (OD) that has deleterious
impacts on patients’ quality of life. The aim of this article was to study how this poorly understood qualitative OD manifests
itself in the COVID-19.

Methods 4691 patients with COVID-19 responded to our online questionnaire focusing on COVID-19-related OD. We first
analyzed the prevalence of phantosmia in this population. Then, with the help of Natural Language Processing techniques,
we investigated the qualitative descriptions of phantom smells by the 1723 respondents who reported phantosmia.

Results The prevalence of phantosmia was of 37%. Women were more likely to report phantosmia than men, as well as
respondents for whom OD was described as fluctuating rather than permanent, lasted longer, was partial rather than total
and appeared progressively rather than suddenly. The relationship between OD duration and phantosmia followed a loga-
rithmic function, with a prevalence of phantosmia increasing strongly during the first 2 months of the disease before reach-
ing a plateau and no decrease over the 15 months considered in this study. Qualitative analyses of phantosmia descriptions
with a sentiment analysis revealed that the descriptions were negatively valenced for 78% of the respondents. Reference to
“tobacco” was more frequent in non-smokers. Source names and odor characteristics were used differently according to age
and OD duration.

Conclusion The results of this descriptive study of phantosmia contribute to the current efforts of the medical community
to better understand and treat this rapidly increasing COVID-19-related OD.

Keywords Olfaction - COVID-19 - Phantosmia - Olfactory disorders - Quality of life - Self-report

Introduction

Quantitative Olfactory Disorders (ODs) are some of the
earliest symptoms of COVID-19 [1, 2], as well as one of
the longest lasting once acute symptoms of the disease
have been cured [3, 4], inducing a reduction in the quality
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of life of patients [5]. Besides quantitative ODs, qualitative
ones are also reported. These are parosmia (when olfactory
sources smell differently than usual) and phantosmia: phan-
tom smells are strange subjective experiences—olfactory
hallucinations—occurring when no odor source is present
in the environment [6]. These qualitative disorders often
have an even more deleterious impact on daily life than the
quantitative partial (i.e., hyposmia) or total (i.e., anosmia)
loss of smell [6, 7], even though patients rarely seek medical
support [8]. Research on COVID-19-induced OD reports
that both parosmia and phantosmia become more prevalent
as OD duration increases [9—11]. It has even been found that
they can appear after a period of apparent recovery from
COVID-19-induced OD [12].

Before the wake of the COVID-19 pandemic, research
on phantosmia was not very advanced, potentially due to
the subjective nature of this sensory phenomenon. How-
ever, coupled with research on other forms of sensory
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hallucinations, a few findings have emerged. First, the
prevalence of phantosmia varies depending on the studies
and the populations investigated (from 6.5% of the general
population in , to 10% of Parkinson’s patients in , and 25.6%
of patients with chemosensory and nasal/sinus complaints
in ). This figure rises to 50% for patients suffering from
head trauma or post-viral upper respiratory infections [14].
In COVID-19 patients, the prevalence of phantosmia also
fluctuates between studies, from 10% [15] to 34% when OD
is still present up to 11 months after the acute phase of the
disease [11]. Second, the underlying mechanisms responsi-
ble for phantosmia and other sensory hallucinations are far
from being understood, but typically involve peripheral and
central causes [6, 16]. Third, phantom smells vary widely in
their forms from subject to subject [16]: they may have dif-
ferent durations and frequencies of occurrence, and may be
associated or not with other ODs. They are also more often
reported by women than by men [8, 16], but not always [10].
Besides, contrary to quantitative ODs that increase with age,
experiencing phantom smells was found to be not affected
by age [17, 18], or even to be more frequent in younger
individuals [8, 16].

While quantitative ODs can be assessed objectively with
psychophysiological methods [19], the subjectivity of phan-
tom smells invites to study them by letting participants fill
in questionnaires about their experiences. This can even be
done online, which is particularly convenient when patients
cannot be approached, as was the case at the start of the
COVID-19 pandemic. Usually, phantom smells are precon-
ceived as negative by the investigators based on past experi-
ence with patients [8, 10, 14, 16]. Instead, in this article we
present data obtained from an online questionnaire in which
we framed questions about phantom smells in such a way
that participants can describe them freely. The diversity of
answers obtained with this approach called for an analysis
based on Natural Language Processing (NLP), a set of tech-
niques enabling, among other things, to reveal the valence
contained in human language [20].

Given the extent of reported OD following COVID-
19 (43% of COVID-19 patients worldwide according to a
meta-analysis [21]) and the millions of cases over the world
since the SARS-CoV-2 appeared, it is mathematical that the
number of people suffering from phantosmia will increase
significantly in the coming months. It is therefore impor-
tant to characterize this phenomenon in order to provide
the most comprehensive descriptive model possible and to
better inform patients and practitioners. We further focused
on how different individual characteristics could influence
phantom smell perception. For instance, women are often
found to react more emotionally to odors and are better
at identifying odors [22]. In addition, older adults tend to
report fewer emotional experiences (positive or negative)
than younger adults [23]. When describing a smell, older
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adults also appear to use references to its characteristics
more often than to its source [24]. As phantom smells are
often related to something burning, smoking status may also
play a role. Finally, all aspects of the associated quantita-
tive OD (type, onset speed, persistence and duration) could
impact how the phantosmia is described. With this in mind,
our study has four main objectives. Firstly, we determine
the prevalence of phantosmia in COVID-19 patients with
OD. Secondly, we seek to identify factors modulating this
prevalence, including gender, age and smoking status of
the participants as well as the characteristics of their OD
(type, onset speed, persistence and duration). Thirdly, we
refine the study of the dynamics of the occurrence of phan-
tosmia after contracting COVID-19 by comparing differ-
ent models (linear, quadratic and logarithmic). Fourthly, we
investigate the words used in the descriptions of the phantos-
mia, both quantitatively and qualitatively. In particular, we
look at whether the number of keywords used varies between
participants and at the variables that influence the valence
of the descriptions or the use of certain categories of words.

Methods
Participants

Participants in an online survey (https://form.crnl.fr/index.
php/146862?ang=fr) answered questions about their soci-
odemographic status, their COVID-19 status and their OD
status (see details in [S]) between 8 April 2020 and 20 April
2021. To be included in the analysis, participants had to
complete the entire questionnaire for the first time, have
been positive for COVID-19 (either via a PCR test or, for
participants at the beginning of the pandemic, based on their
symptoms as it was a common way to detect COVID-19 due
to limited access to PCR tests), and have reported having an
OD. For the full inclusion criteria and inclusion tree, see
Fig. S1. The final sample consisted of 4691 participants:
3763 women (80.2%) and 928 men (19.8%), with an average
age of 40.4 +12.5 years-old (mean +sd). Among them, 1723
were considered to have phantosmia (i.e., their descriptions
fitted the definition of phantom smells).

Evaluation of phantosmia

Unlike other studies focusing on phantosmia [8, 14, 16,
18], we decided to ask an open-ended question with as lit-
tle guidance as possible. In our opinion, this approach is
justified by the fact that phantom smells are inherently a
subjective experience. The exact formulation of our question
was (originally in French): “In the last few days/weeks, have
you had any olfactory hallucinations (phantom smells)?”. If
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the participants answered "Yes" to this question, they were
then given the opportunity to freely describe these phantom
smells.

Prevalence analysis

We assessed the prevalence of phantosmia in respondents
with OD participating in our study (i.e., number of “yes”
answers to the question about phantosmia), as well as the
potential effect of seven factors on this frequency (age, gen-
der, smoking status [smoker or non-smoker], OD type [par-
tial/hyposmia or total/anosmia], OD onset speed [progres-
sive or sudden], OD persistence [fluctuating or permanent]
and OD duration). As the most prominent and informative
effect in terms of dynamics of appearance of phantosmia was
OD duration, we further explored the type of function that
best fitted this relationship between phantosmia frequency
and OD duration by performing a series of regression mod-
els (linear [increase or decrease?], quadratic [increase fol-
lowed by decrease?], logarithmic [increase followed by pla-
teau?]). This analysis was performed over a period of 1 to
60 weeks (i.e., 15 months) of OD duration.

Analysis of qualitative descriptions

We examined the descriptions of the phantom smells and
how the seven factors cited above could modulate these
descriptions.

First, we calculated the number of different keywords
used by each participant to describe their phantom smell(s).

Second, in an attempt to summarize the verbal descrip-
tions, we associated each keyword used by the participants
to describe their phantom smells with one or two of the
following overarching categories: “characteristic” (i.e., a
characteristic of the odor, generally an adjective), “duration”
(i.e., how long or how frequent the phantom smell lasts/
is), “health” (i.e., health consequences of phantom smells),
“location” (i.e., where the phantom smell occurs), “position”
(i.e., the body position in which the phantom smell occurs)
and “source” (i.e., the source of the odor). The “source”
category was further divided into the following subcatego-
ries: “detergent” (i.e., toxic products), “fire” (i.e., something
burning), “food” (i.e., a food item), “hydrocarbon” (i.e.,
fuel), “hygiene” (i.e., body hygiene), “tobacco” (i.e., tobacco
use) and “others” (all remaining sources). The distribution
of usage of each category shows that keywords pointing to
the “source” of the phantom smell are the most frequent,
followed by keywords describing a “characteristic” of the
phantom smell (Fig. S2A). The 3 most common “source”
subcategories are “fire”, “food” and “tobacco” (subcategory
“others” aside; Fig. S2B). Therefore, we conducted analy-
ses to determine whether these two categories (“source”,

“characteristic”) and three subcategories (“fire”, “food”,
“tobacco”) varied according to individual factors.

Third, we analyzed the keywords in detail by searching
which keywords were more specifically used by particular
groups of participants, using the tf-idf (term frequency-
inverse document frequency) analysis detailed in the Sup-
plementary Material.

Fourth, we focused on the qualitative content of the
descriptions of phantosmia by following a Natural Language
Processing approach. This approach allowed us to produce
word clouds associated with phantosmia (Figs. S3 and S4),
and to conduct a sentiment analysis of the valence (positive
or negative) of the descriptions, using the R package senti-
mentr [25]. A sentiment analysis requires the mining of the
text to be analyzed as well as an independent evaluation of
the valence associated with the words used in the text, before
combining these two components [26]. We first retrieved
all the different keywords (N =623 French keywords) used
in the participants’ descriptions of phantom smells. Then,
we conducted a new anonymous survey on a different panel
of participants (N =313 participants). This step was critical
because no French lexicon based on the valence associated
with odor descriptions was available. Each participant had to
report its gender (women: 247 [78.9%] and men: 66 [21.1%])
and age (mean +sd: 35.5+13.7 years old) and to evaluate
30 keywords in a random order. Each keyword characteriz-
ing a phantom smell was evaluated on a valence scale rang-
ing from — 10 (negative odor) to+ 10 (positive odor). More
details about the valence of the keywords can be found in
the Supplementary Material.

Statistical analysis

The following analyses were performed in R.4.1.1 [27]. The
statistical threshold for significance was set at a=0.01.
The factors influencing the prevalence of phantosmia
were investigated using a logistic regression with the glm()
function. The presence (1) or absence (0) of phantosmia
was the response variable. The explanatory variables were:
(1) age, (i) gender (men or women), (iii) smoking status
(smoker or non-smoker), (iv) OD type (partial [hyposmia]
or total [anosmia]), (v) OD onset speed (progressive or sud-
den), (vi) OD persistence (fluctuating or permanent) and
(vii) OD duration. The two numeric variables (age and OD
duration) were scaled before the analyses to facilitate the
interpretation of the estimates. We conducted backward
elimination of non-significant variables until the minimal
model containing only significant variables was reached.
Then we limited our analysis to the relationship between
OD duration and phantosmia prevalence in order to deter-
mine more precisely its nature. Three different models (lin-
ear, quadratic and logarithmic) were fitted to the data and
their associated Akaike Information Criteria (AIC) were
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recorded in order to determine which model had the lowest
AIC (i.e., provided a better fit to our data).

The factors influencing the number of keywords used in
describing phantosmia were investigated using a general-
ized linear model with a positive-Poisson distribution (as
all descriptions had at least one keyword) with the vglm()
function from the VGAM package [28]. The same seven
explanatory variables as detailed above were used and non-
significant variables were dropped one by one until the mini-
mal model was reached.

The average sentiment score associated with the descrip-
tions of phantosmia (resulting from the previously described
sentiment analysis) was investigated using a linear model
with the Im() function. Again, the same seven explanatory
variables were fitted in the full model and the non-significant
variables were removed one by one until the minimal model
was reached.

To analyze the categories used to describe phantosmia,
we focused on the two main categories, “source” and “char-
acteristic” (because they are representing 90.8% of all cat-
egories) and ran a bivariate odds ratio model (i.e., a com-
bination of two logistic regressions in a single model) with
the function vglm(). The same model selection procedure as
before was followed, starting with the same seven explana-
tory variables.

For the three subcategories that had enough occurrence to
warrant further analysis (“fire”, “food” and “tobacco™), we
ran three separate logistic regressions with the same model
structure and selection as before.

Results
Prevalence of phantosmia in COVID-19

Following the inclusion criteria (Fig. S1), 4691 respondents
to our online questionnaire about ODs were retained and
all reported OD. Among these participants, 2016 (43.0%)
reported a phantosmia, while 2675 (57.0%) reported other
types of OD. Based on a subjective analysis of the descrip-
tion of the reported phantosmia, we considered that 1723
(85.5%) truly described phantom smells (others confounded
them with parosmia or their descriptions were too vague to
be classified as a phantosmia). In our dataset, the prevalence
of phantom smells in participants with COVID-related OD
was thus 1723/4691 =36.7%.

Factors modulating the prevalence of phantosmia
The prevalence of phantosmia was significantly affected
by five of our explanatory variables (seven variables were

considered: age, gender [man or woman], smoking status
[smoker or non-smoker], OD type [partial/hyposmia or total/
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anosmia], OD onset speed [progressive or sudden], OD per-
sistence [fluctuating or permanent] and OD duration), while
two variables were non-significant (Fig. 1). Namely, the
probability to report phantosmia was higher when OD was
fluctuating rather than permanent (f=0.75+0.07, z=11.2,
p<0.0001; OR [99% CI] 2.12 [1.86-2.42]), lasted longer
(#=0.44+0.03, z=13.2, p<0.0001; OR [99% CI] 1.56
[1.46-1.67]), was partial rather than total (f=0.39+0.08,
z=4.7, p<0.0001; OR [99% CI] 1.47 [1.25-1.73]) and
appeared progressively rather than suddenly ($#=0.28 +0.09,
z=3.1, p<0.01; OR [99% CI] 1.32 [1.11-1.58]). Further-
more, women were more likely to report phantosmia than
men (f=0.48+0.09, z=5.65, p<0.0001; OR [99% CI] 1.62
[1.37-1.92]). The predicted probability to report phantosmia
for a woman with a partial, fluctuating, long-lasting OD that
appeared progressively was 92.9%, whereas the predicted
probability to report phantosmia for a man with a total, per-
manent OD that appeared suddenly and did not last long
was 15.4%.

Dynamics of the appearance of phantosmia
in COVID-19

When we examined the relationship between OD duration
and the prevalence of phantosmia in a window of about
15 months after OD onset, results showed that the logarith-
mic function had a better fit to the data (AIC = 5639) than
the quadratic (AIC = 5727) or the linear (AIC = 5867) func-
tion (Fig. 2). The frequency of phantosmia strongly increases
during the first 8 weeks of ODs approximately, before reach-
ing a plateau.

Description of phantom smells in COVID-19
Number of descriptors

The number of keywords used to describe phantosmia was
2.43 (sd: 1.37) on average, and was not affected by any of
our explanatory variables at @ =0.01: neither age, gender,
smoking status nor any of the OD characteristics impacted
the number of keywords used by participants to describe
their phantosmia.

Keyword categories

When considering which categories of words participants
used to describe their phantosmia, we found that most
descriptions contained a reference to the source (51.9%;
e.g., “smoke”, “cigarette”) or to a characteristic of the smell
(41.2%; e.g., “burnt”, “unpleasant”) (Fig. S2A). Regarding
how the use of these categories vary as a function of our
seven factors of interest, we found that older participants

used more frequently keywords referring to the source
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Fig. 1 Results from the logistic regression on the probability to report
phantosmia (N=4691 participants). A Odds-ratios (OR) and 99%
confidence intervals of the significant variables in the minimal model.
Note that for continuous variables, OR are given for each standard
deviation of the corresponding variable. Effects of B gender, C OD
type, D OD onset speed, E OD persistence and F OD duration on

(in blue in Fig. 3A, B; f=0.33+0.06, z=5.2, p<0.001;
OR [99% CI]: 1.39 [1.23-1.57]) and less frequently key-
words describing a characteristic (in red in Fig. 3A, B;
p=-0.23+0.05, z=—-4.5, p<0.001; OR [99% CI] 0.80
[0.72-0.88]). Furthermore, participants with longer OD
referred more frequently to a characteristic of their phantom
smell (in red in Fig. 3A, C; f=0.19+0.05, z=3.7, p<0.001;
OR [99% CI] 1.21 [1.09-1.34]) and less frequently to its
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o
(4]

o

o
o
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OD duration (days)
ts- 31 23 46 >6

months months months
(N 719) (N =901) (N =500) (N = 567)

the probability to report phantosmia. G Prevalence of phantosmia (in
blue) as a function of OD duration. In F, circle size is proportional
to the number of participants. In B, C, D and E, square size is pro-
portional to the percent of participants reporting phantosmia for each
corresponding category, respectively

source (in blue in Fig. 3A, C; f=-0.27+0.06, z=-4.7,
p<0.001; OR [99% CI] 0.76 [0.68-0.86]).

In a finer-grained analysis of the categories, we exam-
ined the most frequently cited subcategories of sources,
namely “fire”, “food” and “tobacco” (Fig. S2B). None of
the seven explanatory variables had an effect on the prob-
ability to make references to products or usages linked
to “fire” or “food”. However, as for references to the
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Fig.2 Relationship between the prevalence of phantosmia and the
OD duration (N=4691 participants). For visual clarity, OD duration
has been binned per week prior to calculating the corresponding prev-
alence (the underlying model took into consideration the raw data).
Black dots correspond to phantosmia prevalence for each week of OD
duration and their size is proportional to the number of participants in
this bin. The dotted red line corresponds to the linear relationship, the
dashed green line corresponds to the quadratic relationship and the
solid blue line [slightly bigger to underline its better fit] corresponds
to the logarithmic relationship

“source” of the phantosmia, we found that older partici-
pants (#=0.29+0.06, z=4.6, p<0.001; OR [99% CI] 1.34
[1.14-1.58]; Fig. 4A, B) and participants with shorter OD
duration (f=-0.25+0.07, z=-3.7, p<0.001; OR [99%

A
Age effect |
(for "source")
OD duration effect | 0.76

(for "source")

Age effect | 080"
(for "characteristic")

OD duration effect |
(for "characteristic")

CI] 0.78 [0.65-0.92]; Fig. 4A, E) made more references
to “tobacco” to describe their phantom smells. In addi-
tion, non-smokers made more references to “tobacco” than
smokers (f=0.55+0.18, z=3.1, p<0.01; OR [99% CI] 1.74
[1.12-2.79]; Fig. 4A, C). Finally, participants with fluctuat-
ing OD made more references to “tobacco” than participants
with permanent OD (=0.35+0.13, z=2.8, p<0.01; OR
[99% CI1] 1.42 [1.03-1.98]; Fig. 4A, D).

Individual keywords

The word cloud illustrating the keywords used to describe
phantosmia shows that negatively-connoted keywords
are more frequent (Fig. S3), with the most frequent being
“burnt” (319 occurrences, 7.63%), “smoke” (208 occur-
rences, 4.97%) and “cigarette” (205 occurrences, 4.90%).
As age and OD duration were found to be prominent fac-
tors of variation in the previous analyses by categories,
we intended to better characterize the keywords used by
younger and older participants, as well as by participants
with a shorter and longer OD duration. As an illustration,
specific word clouds associated with young vs old and short
OD vs long OD can be found in Fig. S4. The tf-idf (term
frequency-inverse document frequency) analysis revealed
that the 4 keywords most specific of younger participants
were: “imagination”, “blood”, “fluctuating” and “stinging”.
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“Methods”). A Odds-ratios (OR) and 99% confidence intervals of the
significant variables in the minimal model. Effects of B age and C
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For older participants, the 4 most specific keywords were:
“cigarette smoke”, “‘chemical”, “grilled bread” and “exhaust
pipe”. For participants with shorter OD duration, the 5 most
specific keywords were (the last 3 were ex-aequo): “sensa-
tion”, “blood”, “bleach”, “chlorine” and “vomit”. Finally,
for participants with longer OD duration, the 4 most specific
keywords were: “chemical”, “sewer”, “spicy” and “fuel”.

Sentiment analysis (valence of the descriptions)

In accordance with the nature of the keywords illustrated
in the word cloud (Fig. S3), the sentiments associated with
the descriptions of phantosmia (derived from the evalua-
tion of each keyword’s valence by an independent group
of participants, see Methods) were negative for 77.9% of
the participants and neutral or positive for the other 22.1%
(Fig. 5). The average sentiment score associated with the
description of phantosmia was influenced by only one of our
seven explanatory variables. Participants who had a fluctu-
ating OD described their phantosmia slightly more nega-
tively than participants with permanent OD ($#=0.05+0.02,
7=2.9, p<0.01; Fig. S5).
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proportional to the percent of participants referring to tobacco for
each corresponding category, respectively

Discussion

COVID-19 has affected many people over the world, often
with associated OD. This pandemic therefore represents a
unique occasion to study a previously rare, but unfortunately
increasing, qualitative OD: phantosmia. By analyzing the
responses of more than 4500 individuals, we showed that the
prevalence of phantosmia in COVID-19 patients with OD
was very high (37% of 4691 people). This prevalence was
influenced by the gender of the participants (more frequent
in women), and the probability to report phantosmia differed
as a function of OD characteristics (higher in fluctuating,
long-lasting, partial ODs that progressively settled in). In
particular, the prevalence of phantosmia ranged from 14% at
the very beginning of the olfactory symptoms of COVID-19
to 56% after 6 months. The dynamics of the prevalence of
phantosmia as a function of OD duration is best explained
by a logarithmic relationship, with a strong increase at the
beginning subsequently followed by a plateau.

The prevalence of phantosmia found in our study was
in line with other studies using online questionnaires com-
pleted by participants of different countries: up to 34% of
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Fig.5 Distribution of sentiments associated with the description of
phantosmia (77.9% negative, 22.1% neutral or positive; N= 1723 par-
ticipants). Each line represents a participant and each dot represents a
keyword used by the participant to describe his/her phantosmia (key-
words used by the same participant are connected by thin grey lines).
The bigger red (negative descriptions) and green (positive descrip-
tions) dots represent the average sentiment score of each participant
(participants are sorted based on this average score). The vertical blue

COVID-19 patients with OD [11] and 31% of patients with
more varied etiologies of OD [29], for instance. Such a high
percentage may result from a selection bias in our online
questionnaire (among other limits of the approach, which
are detailed in [5]). People who are the most affected by
their ODs, including persons with phantosmia, may have
been more likely to spontaneously participate to our study.
However, this high prevalence may also stem from a known
association of phantosmia with depression [30], the global
prevalence of which has drastically increased during the
pandemic [31]. The fact that women appeared to be more
prone to phantom smells than men confirms some previous
findings [8, 16], but not all [10]. Age did not seem to be an
influential factor in our study, while higher prevalence of
phantosmia have been reported elsewhere in younger par-
ticipants [8, 16].

Of particular interest for the understanding of this olfac-
tory phenomenon are the relationship between its occurrence
and OD characteristics. First, evidence is pointing towards
the necessity of having an at least partially functioning olfac-
tory system to experience phantom smells. Indeed, we found
that phantom smells were more frequently reported when
OD appeared progressively than when it appeared suddenly.
Phantom smells were more prevalent in hyposmic than in
anosmic patients, and in fluctuating (vs. permanent) ODs.
Second, as also showed in another group of COVID-19 par-
ticipants [11], we found that the prevalence of phantosmia
increases as the duration of the smell disorders associated
with COVID-19 increases. While there were anecdotal
reports of very brief episodes of phantosmia on the day pre-
ceding the total loss of smell in a few patients, in most cases
phantosmia occurs in a delayed fashion, sometimes even
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line represents a neutral evaluation, while scores between —1.0 and
0.0 represent negative descriptions and scores between 0.0 and+1.0
represent positive descriptions. The sentiment value associated with
each keyword was determined by an independent sample of partici-
pants on a scale from — 10 to+ 10 (see “Methods”). The inset on the
bottom right represents the density distribution of the average senti-
ment score of the participants (negative descriptions in red and posi-
tive descriptions in green)

after apparent recovery as this starts to be reported in case
studies for other qualitative disorders [12]. This is consist-
ent with Leopold [6]’s statement that olfactory distortions
(including phantosmia) seem to occur either during olfactory
receptor neuron death or regeneration. It is noteworthy that
COVID-19 patients experiencing phantosmia often have an
ability to smell (quantitatively) within the normal range (6
patients out of 9 with phantosmia were normosmic while the
others were hyposmic in [9] and patients with phantosmia
and/or parosmia did not differ in Sniffin’ Sticks test scores
from patients without qualitative ODs in [32]).

Although studies are clearly needed to better character-
ize the pathophysiology of phantosmia, several hypotheses
about peripheral and central mechanisms (which are not
necessarily exclusive) of such a phenomenon have been
formulated. At the peripheral level, lower number of olfac-
tory neurons in the olfactory epithelium, higher number of
immature neurons and disordered growth of olfactory axons
have been found in patients with phantosmia [6]. Peripheral
phantosmia is more often intermittent and worse on one side,
relieved by nasal obstruction and anesthesia/resection of the
olfactory epithelium [33]. Some reports in our study indi-
cated that mechanical actions affecting the nasal cavity, such
as yawning or blowing one’s nose, could trigger a phantom
smell [5]. Central mechanisms may also occur, with mani-
festations that are constant, bilateral and not relieved by any
of the options mentioned previously [33]. This is consistent
with abnormally high brain activity in several frontal, insular
and temporal regions [6], but also with some etiologies of
phantosmia outside COVID-19 (psychiatric diseases, neu-
rologic and neurodegenerative disorders). Consistent with
the central hypothesis, the reports of several patients in our
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study were in favor of an effect of suggestion (like read-
ing/talking about a smell, which would trigger the phantom
smell) and of attention (phantosmia being more present dur-
ing the peak periods of the epidemic waves, or disappearing
during a limited period in which the patient has changed
environment and directed her attention to a person to help).
Representation of an odor can be elicited in people without
pathological condition (imagined odor: [34]). Possible dys-
function or damage in the central olfactory pathways (olfac-
tory bulb, olfactory tract and/or primary/secondary cortices)
[33] could trigger such representations. It has been suggested
that disinhibition of olfactory excitation could originate in
these unwanted odor perceptions.

The shape of the prevalence curve (Fig. 2) suggests that
there might be both peripheral and central phenomena in
play. The prevalence of phantosmia reaches a plateau at
a time (about 8 weeks) were neuronal regeneration in the
olfactory epithelium is likely to take place: indeed, regen-
eration time of a healthy epithelium after axotomy (includ-
ing olfactory bulb reinnervation) is about 30 days in mam-
mals [35, 36], but could be longer in a damaged epithelium.
From this time on, the prevalence curve then illustrates what
seems to be a rather installed phenomenon, since it does
not decrease over 60 weeks after the beginning of the first
COVID-19-related OD. This is particularly preoccupying
first because, whereas parosmia seems to be a positive sign
of recovery, phantosmia appears to be a poorer predictor of
recovery in the most recent studies in COVID-19 patients
[37] as well as in patients with varied etiologies [38] (but
see [39] for contradictory findings that occurrence of paros-
mia or phantosmia has little prognostic value). And second,
because to date there is not enough evidence in the litera-
ture to formulate treatment recommendations for phantosmia
(or parosmia): only anecdotal evidence can be found for the
local use of some medical therapies, such as antimigraines,
antipsychotics or antiepileptic, with success rates depending
on the patients’ etiology [33] (see also the recent study by
[40] for an encouraging effect of intranasal sodium citrate
in reducing phantosmia).

Additionally, with regards to the qualitative description
of phantom smells, we found that 78% of the participants
described their phantosmia as a negative experience, and
this was more marked when the OD was fluctuating. Why
phantom smells are more often unpleasant is an intriguing
question, to which we can propose several possible answers.
First, one of the main functions of olfaction, which has the
most immediate consequences for survival, is the detection
of threats. One can thus hypothesize that, (i) in the case
of anarchic activation of olfactory neurons and (ii) assum-
ing there is a central contribution to the generated olfac-
tory percept, olfactory representations that are preferentially
generated are those of odors that are the most relevant for
survival (smoke, decay/fermentation...). The fact that the

odor of a toxic substance, tobacco, was cited more often by
non-smokers as a phantom smell is totally in line with this,
given that the threatening value of tobacco products is likely
to be stronger in this subgroup. Second, the dimensions of
unexpectedness (phantom smells occurring in a non-predict-
able manner) and incongruency (phantom smells unrelated
with the actual physical environment) may contribute sig-
nificantly to the unpleasantness of this experience since they
are significant determinants of the responses to smells [41].
Finally, fluctuation of the occurrence of phantom smells is
likely to worsen the deleterious effect of unexpectedness,
explaining why fluctuating OD is a significant predictor of
negativity of phantosmia.

Another result of interest is that participants with OD
of shorter duration and older participants tended to favor
source names (i.e., descriptions of the olfactory experience).
Conversely, participants with OD of longer duration and
younger participants referred more to odor characteristics
(i.e., more emotional descriptions of the olfactory expe-
rience). The fact that older participants used more words
linked to the potential source of the phantom smell than to
its characteristics contrasts with previous results [24], which
found the opposite pattern when participants were asked to
describe an actually perceived odorant. It could therefore be
that semantic usage differs with age depending on whether
participants have to describe a real or a mental construction
of a smell. In addition, as elderly persons are typically less
sensitive to emotions [23], it could be that older participants
use less emotional descriptors and thus refer more to the
source of the smell. The different usage of semantic cat-
egories with age may be linked to age-related changes in
word representation and retrieval [42]. Regarding the effect
of OD duration, it is possible that people with longer OD are
more annoyed by the phantom phenomenon and use more
adjectives to describe how they feel about it whereas people
with shorter OD are still in the exploratory phase where they
have a more analytical approach, trying to define what the
odor is exactly. More broadly, it is worth mentioning that
phantosmia is subjective and may be affected by the usage
of a specific language. Future studies could therefore try to
assess how phantom smells are described by respondents
from different cultures and/or languages with different sizes
of smell-related vocabularies [43].

Finally, we would like to stress the importance of study-
ing phantosmia separately from parosmia. These qualitative
ODs are often grouped together in the literature, but it has
been suggested that this may be a mistake since they have
different patterns of expression depending on demographic
factors, etiologies and consequences on the quality of life
[10]. Although adopting a questionnaire approach has limi-
tations [5], it provides useful quantitative and qualitative
elements to gain additional insights into previously rarely
observed phenomena such as phantosmia. Future studies
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are needed to better understand this category of sensory
hallucinations and its physiopathology. As well as paros-
mia, phantosmia has very deleterious consequences on the
patients’ quality of life [44]. In spite of this, knowledge of
these and other related ODs remains low amongst medical
professionals [5, 45] and the medical community is still lack-
ing therapeutic options [29]. Hopefully, the number of stud-
ies on phantosmia, which already significantly increased in
2020 and 2021, will continue to grow in the future to better
answer the needs of the many patients suffering from this
long-term sequalae of COVID-19.

Conclusion on clinical relevance

By using a model of viral infection often associated with
olfactory disorders, COVID-19, we pointed at the high
frequency of the under-studied phenomenon of phantom
smells in patients with post-infectious ODs. Indeed, using
spontaneous reports of patients with an online question-
naire, we found that 37% of post-COVID patients with ODs
experienced phantom smells. It is important to note that this
figure is likely to overestimate the prevalence of this symp-
tom on the ground, since people who suffer from their OD
may be over-represented within the sample of volunteers
who answered the online questionnaire. It may though be in
line with the frequency observed by the clinicians because
patients who decide to consult for their phantosmia are those
who are adversely affected by their condition. The charac-
teristics of phantom smells (i.e., which smells, (un)pleasant-
ness of the smells) and their dynamics of occurrence after
OD onset, as we report them in this article, are certainly
well representative of the reality on the ground. To better
inform patients, clinicians’ attention should be drawn to the
factors associated with a higher probability to develop phan-
tosmia, namely being a woman and displaying a fluctuating/
long-lasting/progressively installed OD. Finally, it must be
kept in mind by the medical and scientific community that
research on the characteristics, mechanisms and remediation
of phantosmia is dependent on patients’ verbal reports, since
there is no objective way to measure sensory hallucinations.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00405-022-07649-4.
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