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Abstract

Background The optimal management of COVID-19 symptoms and their sequelae remains
an important area of clinical research. Policy makers have little scientific data regarding the
effects on the daily life of affected individuals and the identification of their needs. Such data
are needed to inform effective care policy.
Methods We studied 639 people with COVID-19 resident in France via an online
questionnaire. They reported their symptoms, effects on daily life, and resulting needs,
with particular focus on olfaction.
Results The results indicate that a majority of participants viewed their symptoms as
disabling, with symptoms affecting their physical andmental health, social and professional
lives. 60% of the individuals reported having unmet medical, psychological and socio-
professional support needs. Finally, affected individuals were concerned about the risk and
invasiveness of possible treatments as shown by a preference for non-invasive intervention
over surgery to cure anosmia.
Conclusions It is important that policy makers take these needs into consideration in order
to assist affected individuals to regain a normal quality of life.

By end-January 2023 there have been over 670 million cases of COVID-19
worldwide1 and the consequences of the COVID-19 crisis continue to
emerge. Estimates of the incidence of long-term sequelae vary widely, but
numbers are significant, of the order of at least 3% of those infected2–6 with
long-term effects for perhaps 50–85% of those hospitalized7–9.

It is known that COVID-19 is associated with a large spectrum of
symptoms ranging from the classic symptoms of flu, through gastro-
intestinal, cardiac and renal, cognitive and olfactory and gustatory
dysfunctions10–14. Three years after the start of the pandemic data are now
emerging on long-lasting symptoms and sequelae even for patients with

apparently mild initial illness2,10,15 and theoretical studies are underway to
understand the mechanisms underlying the appearance of symptoms, such
as molecular level investigations of infected cells16,17, the role of
inflammation18 and potential drivers of long-COVID19.

Nevertheless, fundamental data remain incomplete and sometimes
contradictory. COVID-19 is a multi-organ heterogeneous disease with
many interacting factors: age, sex, comorbidities. Scientific knowledge is
needed to help clinicians improve their diagnoses (https://www.who.int/
teams/blueprint/covid-19) and also to help improve patients’ health by
developing better adapted treatment strategies20–22.
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Plain Language Summary

The impact of COVID-19 has been sub-
stantial, both on individuals’ health and on
society. Information is needed to understand
the biological mechanisms underlying the ill-
ness and to provide appropriate support for
people affected. This study uses data froman
online questionnaire of adults diagnosedwith
COVID-19 to characterize symptoms, under-
stand their impact onpeoples’ everyday lives,
and determine the support that people need.
Our over-arching analysis of symptoms
experienced reveals that heart- and skin-
related symptoms are linked to chronic ill-
ness, and symptoms related to the sense of
smell may have a different underlying disease
mechanism. Most respondents had a mild
initial illness, but their symptoms were long-
lasting and had a severe impact. Our findings
show that sufferers need different kinds of
support in order to regain a normal quality
of life.
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Although studies are underway (e.g. ref. 23) characterization of
COVID-19 symptoms (whether persistent or not) and their effect onquality
of life, as well as identifying patients’needs, has not yet been conductedwith
the level of detail that would allow a clear analysis of the situation.

To date, several questions remain regarding COVID-19 symptoms:
how do they differ from one person—or group of persons—to another?
What are their dynamics of appearance? How are they associated with each
other? What differences are there between the acute and chronic phases?
There is also a lack of actionable data on the impact these symptomshave on
the quality of life of those affected. Are all these symptoms disabling? How
do they affect psychological health? Dietary health? Social life and rela-
tionships?Working life? And above all, what are the needs of those affected
in terms of medical, psychological and socio-professional support?

Today, policy makers and stakeholders have little scientific data on
which to base an effective policy for caring for those affected and to define
the resources needed (in termsoffinancial support, social services or care) to
meet their needs, and to plan for future pandemics. If spending can be
targeted effectively this could mitigate overall increases in health spending
over the medium to long term24. The main aim of the present study is to
provide characterization of a wide range of symptoms of COVID-19, their
effects on quality of life and the needs of those affected. To achieve this goal,
we conducted an online study involving a large sample of participants
affected by symptoms several days, weeks ormonths after infection25. In this
survey, we documented the presence of symptoms by category (flu-like,
gastro-intestinal, cognitive & neurological, cutaneous & inflammatory,
cardiac& renal, olfactory/gustatory, other), their onset andpersistence, their
effects on people’s daily lives and also identified people’s needs regarding
these symptoms. In addition, to understand how inter-individual factors
such as age and gender might explain the diversity in symptoms, effects on
qualityof life, andpatients’needs,we conducted systematic analyses for each
of these three areas.

As a secondary aim, we explored the question of olfactory/gustatory
loss in more detail, as this symptom affects several million people world-
wide, a quarter to a third of whom continue to have some degree of mea-
surable smell dysfunction formonths after their infection26–28 and emerging
information on a possible link between these COVID-19 olfactory symp-
toms and dementia is concerning22. Moreover, in addition to serious psy-
chological and social effects29–31, anosmia (total loss of smell) and parosmia
(distorted perception of smell) symptoms exacerbate the malnutrition
documented post-COVID32,33. Finally, we collected verbatim responses

in order to capture individual experiences and enrich our quantitative
analysis.

We find a high prevalence of chronic symptoms, concerning a higher
proportion of women than men. Olfactory, gustatory and flu-like symptoms
were frequently experienced early in the illness, with cutaneous, inflammatory
andcardiac symptomsoftendelayed.Thedataalso showthesevere impactflu-
like and cognitive symptoms have on people’s everyday lives.We confirm the
dietary impact of olfactory symptoms on sufferers and provide a detailed
overviewof the interventionsdesiredby thoseaffectedby the long-termeffects.

Methods
Selection of the participants
There were a total of 1054 responses in the study. However, we limited the
analysis to adults (over 18 years old), resident in France, who were
answering the questionnaire for the first time and completed the entire
survey which left us 751 participants. We wanted to ensure, as much as
reasonably possible, that symptoms arose fromCOVID-19 infection so only
included participants diagnosedCOVID+ either by an analytical test (PCR,
lateral flow, blood test etc.) or by a doctor on the basis of their symptoms
alone. This excluded 36 self-diagnosed participants and 55 participants
withoutCOVID-19.We also excluded 5 participantswhodid not record the
date of their diagnosis, 3 participants who gave an implausible date (prior to
the first diagnoses in France on the 24th January 20201,34 and 13 participants
who recorded a diagnosis date after their recovery date (see Fig. 1), ending
with a final sample of 639 participants.

It should be noted that our analysis does not focus specifically on the
“long COVID-19” population, although many participants fall into this
category. This survey focused on the symptoms and needs of patients who
have had COVID-19 infection, regardless of any subjective persistence of
symptoms.Moreover, one can consider oneself curedofCOVID-19, but still
experience long-term sequelae and express needs. Thus, our analyses
include all people who have been infected by Sars-Cov-2, whether they
declare themselves cured or not.

Experimental protocol
The descriptive cohort studywas conducted between 15th July 2021 and 6th
September 2022. It was approved by the Institutional Review Board of
INSERM (IRB00003888, IORG0003254, FWA00005831) of the French
Institute of medical research and health, under number 21-805. The study
consisted of a cross-sectional online participatory survey. Participants had

Over 18 years old
218 men, 721 women, 3 
undefined gender; total 942

Resident in France
209 men, 691 women, 3 
undefined gender; total 903

Data retained
188 men, 561 women, 2 undefined 
gender; total 751

Survey data

1st �me response
222 men, 726 women, 3 
undefined gender; total 1018

Completed survey
199 men, 600 women,23 
undefined gender; total 809

222 men, 735 women, 3 undefined 
gender; total 1054

Not COVID+

22 men, 32 women, 1 
undefined gender; total 55

COVID+ diagnosis by test or by a 
doctor on the basis of symptoms

153 men, 506 women, 1 
undefined gender; total 660

Implausible dates

8 men, 13 women, 0 undefined 
gender; total 21 Data with plausible dates

145 men, 493 women, 1 
undefined gender; total 639

Convinced have COVID 
but no diagnosis

13 men, 23 women, 0 
undefined gender; total 36

Fig. 1 | Overview of survey data and participant inclusion criteria. 751 people
completed the whole survey who were over 18 years old, resident in France and
completing the survey for the first time. Of these, 55 people who had no diagnosis

and 36 people who were self-diagnosed were excluded. A further 21 participants
were then excluded owing to implausible or missing diagnosis dates.
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access to the questionnaire on the website https://project.crnl.fr/covid/.
They learned about the survey through their internet searches and we also
distributed the link to our scientific and academic network, and to the
communication officers of the French institutions involved in the project.
The first page of the website mentioned the objectives of the study and
several pieces of information concerning the average timeof completionand
the way in which the answers are taken into account. It was also stated that
the questionnaire is anonymous and that the record of their responses to the
questionnaire does not contain any identifying information. Once this
information was read, the participant was asked to provide their consent to
participate in the survey. Afterwards, the participant was asked to answer
several questions specifying: their age, gender, weight, height, socio-
professional category, education level, place of residence, pregnancy (if
female), smoking habits, if he/she has any chronic diseases and treatment,
information about COVID-19 (diagnosis, hospitalization, treatment, vac-
cination), type and duration of symptoms (early, persistent), influence of
these symptoms on psychological well-being, diet, social life, professional
life, needs for medical follow-up, psychological follow-up, socio-
professional follow-up and other needs and therapies. The details of the
survey are given in Supplementary Notes 1.

Characteristics of the sample of COVID-19+ patients surveyed
The principal characteristics of the survey participants are provided in
Table 1. The people weremostly of working age (75th percentile is 52 years)

and predominantly (77%) female. The majority experienced mild initial
illness. Only 42 people were hospitalized (7%), of whom 25 received oxygen
and 8were treated in intensive care. 110 people (17%)were either occasional
or regular smokers, which compares to 18.5% of people over 18 years old in
France35. Further demographic information (on age and gender distribu-
tion, BMI, smoking habits, pregnancy status, participants’ illness & medi-
cation, vaccination status, hospitalization, temporal information on
dates of diagnostic and survey completion) is detailed in Supplementary
Notes 2. There were no significant gender related differences in the age
distributions.

The diagnosis dates range from the beginning of the pandemic (30th
January 2020) to 29th August 2022 and correlate well with the waves of
infection in France over this time25. The average number of days between a
positive COVID diagnosis and completing the survey is 281 (see Supple-
mentary Fig. 11). 54 of the639 respondents completed thequestionnaire less
than two weeks after their COVID+ diagnosis.

Note that the diagnosis dates cover waves of infection with different
dominant variants, with an under-representation of the delta & omicron
variants (see ref. 25). However, we do not have sufficient confirmed diag-
noses of the variant of infection (this was an open question) for us to be able
to perform a statistical analysis comparing the different variants.

There is good geographical representation acrossmetropolitan France,
with a bias towards the Lyon, Toulouse andParis areas.Wehave someover-
representation of urban areas (Supplementary Notes 3).

Table 1 | Principal characteristics of the survey participants

Characteristics Participants (N = 639)

Age (years) Mean ± SD: 43.0 ± 12.9
Median [range]: 44 [18–80]

Gender Male: 145
Female: 493
Undefined: 1

BMI (kg/m2) Mean ± SD: 23.9 ± 4.5
Median [range]: 23.2 [15.9–47.8]

Socio-professional category Agricultural workers: 2
Craftsmen, tradespeople & self-employed: 28
Intermediate professions: 54
Executives & professional: 232
Employees: 165
Non-professional: 8
Retired: 27
Without professional activity: 35

Residence Suburban: 137
Rural: 159
Urban: 343

Pregnancy No: 482
Possibly: 2
Yes: 9

Smoking Ex-smoker: 109
Non-smoker: 420
Occasional smoker: 41
Regular smoker: 69

Chronic illness No response: 6
No: 484
Yes: 149

Illnesses mentioned Asthma: 9
Hypertension: 11
Arthritis: 11
Allergies: 11

Taking medication No response: 12
No: 388
Yes: 239

Hospitalized No: 597 Yes: 42

Given oxygen (if hospitalized) No: 17 Yes: 25

Intensive care (if hospitalized) No: 34 Yes: 8

Treatment for COVID No: 517 Yes: 122
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Data analysis
The data were extracted from the survey using the open-source software
package Jamovi36,37 whichwas also used to extract some of the figures and all
statistical tests.

We used descriptive statistics tools (percentage and 95% confidence
intervals) todefine the prevalence anddynamics of symptomappearance, to
evaluate the disabling effect of symptoms on quality of life, and to identify
the needs arising from all symptoms and to perform the in-depth analysis of
specific needs for olfactory losses.

Generally, percentages were calculated relative to (i) the whole survey
population (ii) the whole survey population by gender (iii) number
reporting different symptom categories and (iv) number reporting presence
of symptom by gender (note that the single individual who did not define
their gender was excluded from all gender-based analyses).

Furthermore, 95%confidence intervalswere calculated using the Effect
Sizes and Confidence Intervals add-onmodule for Jamovi (esci) which uses
the recommendedmethod of Newcombe and Altman38(The code for this is
available on github, lines 118–127 for a single proportion and lines 456–474
for the difference of two proportions https://github.com/rcalinjageman/
esci/blob/master/R/estimateProportions.R).

P values for significance were calculated using jamovi with 2 sided tests
for both proportions (for categorical data using χ2 and the z test for the
difference in2proportions) andaverages (for continuousdataassumingequal
variances). These are reported without corrections for multiple comparisons.

Finally, Pearson correlation coefficients r between different symptom
categorieswere calculatedbybinarising the categorical data,mapping lackof
symptom to zero and symptom experienced to one.

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Results
Here we first quantify the prevalence of the different symptoms for our
survey population, together with the dynamics of onset & recovery and also
examine symptom associations. We then examine responses related to the
impact that these symptoms had on people’s everyday lives and the needs
people expressed. We provide an in-depth analysis for olfactory loss.

Supplementary Notes 4 provides detailed information on the effect of
gender and age differences on the prevalence of symptoms and their
dynamics of onset and recovery. Supplementary Notes 5 provides detailed
information for the subjects’ perception of their illness by symptom cate-
gory, its disabling nature and their associated needs. Selected verbatim
responses on the impact of each symptom, together with their translations
into English, are also provided

Characterization of the symptoms experienced
Prevalence of symptoms. Amongst our survey participants, 65% had
olfactory/gustatory symptoms [95% CI 61–69%], 92% had flu-like
symptoms [95% CI 90–94%], 66% [95% CI 62–70%] had cognitive,
neurological or psychiatric, 56% [95% CI 52–60%] had gastro-intestinal
symptoms, 38% [95% CI 34–42%] had cardiac or renal symptoms and
37% [95% CI 33–40%] had skin or inflammatory symptoms (see Fig. 2a).
33% [95% CI 29–37%] of people reported “other” symptoms. Responses
for “other” symptoms were free and we note that symptoms were
sometimes included here that could have been included elsewhere.
People frequently mentioned extreme fatigue, breathlessness and cog-
nitive symptoms such as tinnitus, vertigo, anxiety & headaches. Several
people had issues with their eyesight or eyes. Women experienced
menstrual changes and one man testicular pain. Some mentioned hair
loss, pain in articulations, or reactivation of other viruses such as herpes
simplex. Overall, 628 participants (98%) experienced at least one
symptom and 55 participants (8.6%) experienced all the symptoms.

Regarding gender and age, women were more likely to experience
symptoms thanmen in all symptom categories (p < 0.001). The average age

of those reporting symptoms was higher than for those not reporting
symptoms, except for olfactory/gustatory symptoms where there was no
significant difference (Supplementary Fig. 17).

Dynamicsof appearanceof symptoms.Most participants experienced
loss of olfaction and gustation, and flu-like symptoms within the first
month of infection, however onset of cognitive, cutaneous & inflam-
matory, cardiac & renal symptoms was frequently delayed (see Fig. 2b).
There were no significant gender or age differences for the onset of
symptoms (Supplementary Figs. 18 and 19).

Associations between symptoms. Figure 2c depicts the number of
participants reporting different combinations of symptoms. The largest
subset of people (11.6%) had only flu-like and olfactory/gustatory
symptoms, and while 27 people only had flu-like symptoms, 15 had only
olfactory/gustatory symptoms. We also note that 14% of the survey
population suffered all symptoms, or all symptoms except “other” (that
are not well defined). 139 people (21.8% of the survey population)
reported flu-like and cardiac and cognitive and cutaneous and gastro-
intestinal symptoms.We found that the incidence of these symptomswas
correlated, but that there was no correlation, or an anti-correlation, with
olfactory/gustatory symptoms (Fig. 3).

Persistence of symptoms. Overall, only 31% (200) of the 639 partici-
pants reported recovery at the time of completing the survey, with
younger people andmenmore likely to report recovery than older people
and women (Supplementary Notes 4). The median number of days
between diagnosis and recovery (for the 200 people reporting recovery)
was 18 (range 0–462). 439 people (69%) did not report recovery. How-
ever, 47 of these 439 people completed the survey less than 15 days after
their diagnosis (when symptoms are to be expected) and 57 of the 439
people responded within 5 weeks. There were 363 people (57%) who did
not report recovery more than 3 months after diagnosis. Only 53 people
in our sample reported recovery after more than 35 days, and for 33 of
these people it took between three and fifteen months after diagnosis.

For gender and age,morewomen thanmen reportedpersistentflu-like
and gastro-intestinal symptoms (p < 0.001 and p = 0.004 respectively). The
average age of those reporting persistent symptoms was higher than those
without persistent symptoms for all symptom categories except gastro-
intestinal and cutaneous & inflammatory symptoms (Supplementary
Notes 4).

Disabling effect of symptoms and impact on daily life
Disabling effect of symptoms. A large proportion of survey partici-
pants found their symptoms a handicap in their everyday life (see Fig. 4a).
Overall 75% of participants who reported olfactory loss found it handi-
capped them, 72% of those with gustatory loss, 81% of those with flu-like
symptoms (which included headaches, fatigue and weakness), 63% of
those with gastro-intestinal symptoms, who struggled with nausea and
diarrhea, 90%of thosewith cognitive symptoms (mentioning depression,
“brain fog”, memory and concentration problems) and 81% of those with
cardiac or renal symptoms (who suffered tachycardia and chest pain
among other symptoms) (see SupplementaryNotes 5 and Supplementary
Notes 6 for Selected verbatim responses on the impact of each symptom).
More women than men found their flu-like, gastro-intestinal, cutaneous
& inflammatory, and cardiac & renal symptoms handicapped them in
their everyday life, but there was no gender difference for olfactory/
gustatory and cognitive symptoms. There were no age-related differences
in the perception of whether any of these symptoms were handicapping
in everyday life.

Impact ondaily life. Suffering any of the symptoms had an impact on the
psychological health of over a third of respondents, rising to 70% of those
with flu-like symptoms and 83% of those with cognitive symptoms (see
Fig. 4b). Diet was affected for 50% or more of participants with olfactory,
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gustatory, flu-like or gastro-intestinal symptoms. Diet was also affected
by cognitive, neurological and psychiatric type symptoms for over a third
of people and by cardiac or renal symptoms for over a quarter of sufferers.
Respondents’ social and professional lives were impacted for over two
thirds of those with flu-like, cognitive, cardiac or renal symptoms.
Regarding gender, although persistentlymorewomen thanmen reported
impacts on their everyday lives this was rarely statistically significant. The
small number of men concerned in many of these comparisons make
conclusions on this unreliable (see Supplementary Notes 5). The only
significant age-related difference was for flu-like symptoms, which
younger people found affected their professional life more than older
people (average ages 42.8 [41.8,43.9] years and 46.5 [43.0,50.0] years for
those finding their flu-like symptoms affected their professional life or
didn’t, respectively) (see Supplementary Notes 5).

Identification of needs
Needs by type of symptoms. Overall, 60% of the survey population (382
people) expressed a need for some kind of help with managing their
symptoms (see Fig. 5a), with a higher proportion of women than men

(p = 0.002) (see Supplementary Notes 5). The average age of those seeking
additional help was higher than the average age of those with no needs
(p < 0.001) (see Supplementary Notes 5). There was no significant gender
difference, or difference in the average age, between the groupwho reported
that they had sufficient help with their symptoms already, and the group
who reported they needed additional assistance (p = 0.155).

Of those that expressed a need for additional follow-up help, the
majority, 58% (371 participants) wanted specialist medical help, 25% (158
participants) wanted help from a psychologist or psychiatrist, and 21% (137
participants) wanted socio-professional help.

Unsurprisingly, for those experiencing cognitive, neurological and psy-
chiatric symptoms (migraines, forgetfulness, attention deficits, speech pro-
blems, confusion, anxiety, depression, sleep disorders etc.) there was also a
significantdesire forpsychological and socio-professional support (seeFig. 5b).
Thesepeople frequently citedan inability towork (seeSupplementaryNotes5).

The majority of the participants who reported that they had not yet
recovered from their symptoms stated that they needed help, and only a
small proportion said theyhad sufficienthelp already. Specifically, confining
ourselves to participants who reported that they had not yet recovered from

Fig. 2 | Symptoms suffered after infection with COVID-19. a Proportion of survey
participants reporting symptoms by symptom category. Error bars are 95% con-
fidence intervals. Inset in bars: Number of survey participants and percentage of
survey population. b Proportion of survey participants by symptom onset (symp-
toms began in first month (yellow); later (gray)). Inset in bars: Number of survey

participants and percentage by symptom category experienced. c Symptom asso-
ciations. Upset plot illustrating the number of participants reporting different
combinations of symptoms. The largest number of people (74) only experienced flu-
like and olfactory symptoms.
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their symptoms, the percentage of people needing help was: 66% of people
with olfactory symptoms, 69% of people with gustatory symptoms, 87% of
people with flu-like symptoms, 73% of people with gastro-intestinal
symptoms, 84% of people with cognitive symptoms, 73% of people with
cutaneous symptoms, 89% of people with cardiac symptoms and 88% of
people with “other” symptoms (see Fig. 6).

Detailed analysis for a specific symptom: olfactory loss
We conducted a detailed investigation for olfactory losses. Of the 416
survey participants reporting olfactory and/or gustatory loss, 389 (94%)

experienced loss of olfaction and 80% (332) reported loss of sense of taste
(see Fig. 7a, b). Of the participants losing olfaction 295 (76%) reported a
total loss. This olfactory loss was frequently associated with changed odors
(parosmia) (55%) andphantomodors (42%). These changed andphantom
odorswere almost invariably unpleasantwith participants describing them
as putrefaction, drains, sweat, burning, cigarette smoke, rotten eggs etc.

Of the individuals losing gustation 209 (63%) reported a total loss. This
gustatory loss was associated with changed tastes in 63% of the participants
and phantom tastes in 23% of the cases. People had difficulty describing
their changed and phantom tastes; althoughmany describedmetallic, burnt

Fig. 4 | Impact of symptoms in everyday life by
symptom category. a Percentage of people finding
their symptoms handicapping (orange) or not
(green) by symptom category. b Reported impact of
symptoms on psychological health (blue), diet
(orange), social & relational life (gray) and profes-
sional life (yellow) as a proportion of those experi-
encing each symptom category. The number of
participants concerned is reported inside the bar.
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or rotten tastes, some said that food had a taste of perfume or “carrot juice
tastes of flowers”. One person said everything tasted like toothpaste and
another that courgette soup tasted of fish. Note that 10 of the 416 partici-
pants reporting olfactory and/or gustatory symptoms reported no loss of
smell or of taste. It is unclear whether these participants experienced
changed or phantom symptoms as if a participant did not report loss these
questions were not asked. Two thirds of the participants with olfactory and/
or gustatory symptoms provided verbatim comments, reflecting a high
degree of distress amongst this population (see Supplementary Notes 5).

Survey participants reporting olfactory loss were also asked what
potential interventions theywould accept to restore their sense of smell. 73%
(283 participants) would follow olfactory training over severalmonths, 31%
(122 participants) would choose a new medical treatment over several
months, nearly a quarter were prepared to wear a non-invasive olfactory
prosthesis and 12% (47 people) would accept nasal surgery. 10 people
indicated acceptance of a prosthesis requiring invasive brain surgery
(see Fig. 7c).

Discussion
The objective of the present study was to characterize the symptoms and
sequelae of COVID reported by affected individuals, as well as the impact

that these symptoms have on their quality of life. In particular, our study
aimed to identify the needs of the persons concerned in terms of medical,
psychological and socio-professional support.

In terms of prevalence, we found that although over 93% of the people
in our survey were not hospitalized, the proportion of people with symp-
toms was high (see Fig. 2a) and only 31% (200/639) reported recovery. We
expect our data to suffer from self-selection bias so extrapolation of the
prevalence of symptoms from our data to the general population cannot be
rigorous, however the numbers of people concerned are high. The pre-
valence of different symptoms of COVID varies very widely in the
literature11,22,39–45. Early in the pandemic reportswere centered on symptoms
experienced by those with more severe illness and may not reflect the
statistics of the large population with milder initial illness. Prevalence also
appears to vary with COVID-19 variant and in particular with the onset of
the omicron variant. For example46, states that 52.7% of people experienced
anosmia during the delta variant wave compared to only 16.7% during the
omicron wave (for comparison we find 61% reporting olfactory loss with
data mostly prior to the omicron wave). The estimates of the prevalence of
asymptomatic cases also vary widely47–49 with vaccination also playing a
role50; however this population is clearly under-represented in our data.
Finally, the onset of cognitive, cardiac and cutaneous symptoms is

Fig. 6 | Stated needs for survey participants who
had ongoing symptoms by symptom category.
Gray: no help needed; red: I have needs that are not
met; blue: I have needs for which I have sufficient
help. The number of participants concerned is
provided inside the bars.
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frequently delayed so the prevalence of these symptoms may be under-
reported in studies of acute illness.

Moreover, gender effects and age differences were observed. For gen-
der, thewomen in our studywere significantlymore likely thanmen to have
symptoms and took longer to recover. For age, we find that the average age
of those reporting gastro-intestinal, cardiac, cutaneous or cognitive symp-
toms was greater than that of those without these symptoms. However,
olfactory/gustatory symptoms have a different patient profile to these
symptom categories since there was no statistical difference in the average
age of those suffering olfactory and gustatory symptoms and those not
(p = 0.164) (consistent with the results of Stankevice et al.51). Nevertheless,
the average age of those with persistent olfactory loss (p = 0.013) was higher
than that of those without, agreeing with the results of Makaronidis et al.52.

Regarding the dynamics of appearance of the symptoms, participants
in our survey reported the early onset of olfactory/gustatory, flu-like and
gastro-intestinal symptoms, agreeing with Kaye et al., Lechien et al.53,54 and
Groff et al.55 but cognitive and cardiac/renal symptoms frequently began
after the first month agreeing with Jason et al. and Davis et al.56,57. We find
that the appearance of cutaneous and inflammatory symptoms is often
delayed, although the work of Polly and Fernandez58 indicates that these
conditions are heterogeneous. Davis et al.59 also made these global obser-
vations. Davis et al. and Apple et al.57,60 associated the delayed onset of
neurological symptoms with younger people, but we find no statistically
significant difference in age for this factor (p = 0.470). We also found no
dependence on age for the onset of cardiac/renal symptoms (p = 0.356) but
therewas a tendency for those experiencing cutaneous symptoms in thefirst
month to be younger than those with a later onset (p = 0.069). One question
raised by these data iswhydifferent symptomcategories havedifferent onset
dynamics. It is tempting to associate early onset symptoms (loss of smell,flu)
with direct upper respiratory infection and the persistent cognitive
impairment, late onset cardiac problems and skin lesions, alopecia, etc. with
an immune response to the virus, perhaps with delayed effects over time.
This hypothesis, which is rather speculative, deserves to be tested with an
interdisciplinary approach combining neuro-sensory, medical and biolo-
gical research via a longitudinal patient follow-up study.

Finally, regarding associations between symptoms, the literature often
focuses on individual symptoms, but our study suggests that a broader
analysis may reveal interesting patterns. First, we showed that almost all
symptoms were correlated with each other. However, whilst olfactory and
gustatory disorders were highly correlated with each other, these two types

of disorders were not correlated with any other category of symptoms,
suggesting different mechanisms underlying their genesis. We also found
that there was a strong correlation (Pearson’s r = 0.51) between cardiac and
cutaneous symptoms, and that those with symptoms in these categories
were likely to havemultiple symptoms and chronic disease. Finally, of those
surveyed, the largest subgroup suffered only from flu and olfactory/gusta-
tory symptoms,with the second largest group suffering fromall categories of
symptoms. To summarize, the symptomatology of COVID-19 should not
be seen in a unidimensional way but through a pattern of symptoms that
may be more or less prevalent and associated with each other, and with a
specific appearance dynamic.

Although all symptom categories were classed as “handicapping” for a
significant number of sufferers our data show that some are more disabling
than others. For example, cognitive disorders (P(Yes) = 90% [87%, 93%])
are reported to bemore disabling than skin disorders (50% [44%, 57%]) (see
Fig. 4a). Furthermore, each type of symptomdoes not affect people’s quality
of life in the same way. While smell disorders have a great impact on diet
(62%) and psychological health (55%), cognitive disorders affect people’s
professional life (79%) aswell as their psychological health (83%), social and
relational life (75%), with diet less affected (35%) (see Fig. 4b).

Overall, 60% of the participants declared that they needed support of
various kinds, with only 25% declaring that they did not need support (and
13% that their needs were already taken care of). This inter-individual
differencemay be related to difficulties in accessing health care systems (e.g.
distance, personal and financial resources etc.), a feeling of vulnerability to
the disease that differs from one person to another, or the fact of being
affected by very disabling symptoms. However, we find a substantial
healthcare burden, which even may be under-estimated: time will tell. Of
those still suffering cardiac/renal symptoms at the time of completing the
survey only 11% said they had no need of help; the numbers for cutaneous,
cognitive, gastro-intestinal, flu-like and “other” were 26%, 16%, 26%, 13%
and 12% respectively.

The symptom categories with highest needs were flu-like (with parti-
cipants reporting headaches, fatigue, muscle and joint pain) and cognitive
(migraines, forgetfulness, lack of attention, anxiety, sleep disorders etc.) as
these symptoms concerned the highest number of participants, but all
symptomcategorieswereproblematic.Cognitive disorders (e.g., difficulty in
concentrating or with memory) affect social activities and leave people
unable to work59; participants were also impacted by sleep disorders.
Selected verbatim responses can be found in Supplementary Notes 6.
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The free responses to our survey also highlight the severe disruption to
daily life that olfactory loss can produce61–66. Anosmia significantly affects
the hedonic perception of food, reducing people’s desire to prepare and eat
food, which causes weight gain, weight loss and nutritional deficits29. Epi-
demiological studies link nutrition with psychological wellbeing67–69 and
anosmia with depression70,71 and generally reduced emotional well-
being72,73. COVID-19 associated olfactory loss is not very different from
other post-viral olfactory loss in terms of quality of life74. Although roughly a
third of people with olfactory or gustatory symptoms said they needed no
help, of thosewantinghelp and still experiencing symptomsonly 14.2% (21/
148) and11.5% (13/113) respectively said their needsweremet (see Fig. 6). It
is concerning that for people resident in France, which has an excellent
healthcare system75, most need is not met.

In our study we also set out to evaluate the technologies that people
affected by anosmia were willing to accept as treatment. We found that
olfactory training was themost acceptablemethod (70%), probably because
it was considered less invasive, less expensive and less risky. On the other
hand, brain surgery was rarely selected as an option (although 3% of people
said they would accept it). It is interesting that 24% of the participants
considered the use of a non-invasive prosthesis a possible treatment. A non-
invasive olfactory prosthesis is probably considered a less risky treatment
than brain surgery, the latter being possibly associated in people’s minds
with unfounded efficacy in olfaction, risks and uncertainties and a longer
recovery time76,77. The similar acceptability of medication and non-invasive
prostheses is interesting, however the well-known disconnect between
intention and action means that this result needs corroboration78.

To summarize, despite the fact that over 93% of our survey population
initially had a relatively mild illness, without a need for hospitalization,
symptomswere found to be long-lasting and to have a severe impact. People
reported dietary problems, pain and inability to work and predominantly
requested medical intervention. Over all symptom categories, we note that
medical support is sought nearly two to three timesmore thanpsychological
and/or socio-professional support. Medical support is important in mana-
ging the evolution of immediate and severe persistent symptoms and can
also helpmanage co-morbidities.However, althoughonly 20%of thepeople
requested psychological or socio-professional follow-up, it is important not
to discount this need, as we may hypothesize that participants did not
choose this option owing to embarrassment79, or other response bias. In
futurework itwouldbe interesting todetermine if theneed for psychological
support is linked to the duration of the symptoms or to people’s uncertainty
as to their evolution. We note that verbatim comments we have collected
show that persistent symptoms affect the ability of people to lead a normal
social and professional life, and we link this to the requests for socio-
professional support. We believe that the economic aspect is also an
important parameter to be considered and would like to see future work
examining the impact of a potential reduction in affected persons’ working
hours or even loss of employment. It is possible that the need for psycho-
logical or work-related support is under-estimated, or may increase over
time. Finally, the focus on the needs of people who have lost their sense of
smell also provides information on an important dimension: the notion of
risk and invasiveness. These two notions are clearly integrated in people’s
choices and it is important for researchers and policy makers to take these
concerns into account when research projects or governmental measures
related to these needs are, or will be, put in place.

Although our study has provided interesting insights into the symp-
toms and impact of COVID, we note that, in common with any random
survey, our data are limited to those people who chose to respond and to
complete a long questionnaire. Our survey population has a preponderance
of women and a large number of people with “long COVID” (this appears
typical for this kind of survey, for example the online survey of Davis et al.59

contained 78.7%women and for >91%of the people recovery time exceeded
35 weeks. The survey of Ferdenzi et al.65 had a gender bias of 78% women
and that of Bousquet et al.66 82% women). We also over-represent urban,
educated individuals and exclude those with no internet access. These are
selection biases for which no good statistical correction can be made (e.g.

ref. 80). We can assume a selection bias towards people motivated to seek
assistance with symptoms that are problematic for them. There is also the
possibility that people who chose to respond are especially health sensitive.
The large proportion of the survey population needing help with their
symptoms may not, therefore, be reflected in the general population.
Moreover, our data are entirely subjective with no external analytical con-
trol. We appreciate that we are collecting subjective information based on
people’s individual perceptions and that these perceptions may be different
for different populations or change with time; nevertheless such “expressed
need” is fundamental information for policy makers to take into account.

Our selection criteria exclude self-diagnosed individuals. It is possible
that self-diagnosed people may have additional barriers towards accessing
care compared to those with a diagnosis of COVID-19. On the other hand,
we do include individuals diagnosed COVID+ on the basis of their
symptoms alone. This is necessary given the limited testing available at the
beginningof the pandemic, butwemay includepeoplewhose symptoms are
not caused by COVID-19. Generally in terms of symptoms we rely on self-
assessmentwith no external analytical control. For example, it is known that
people are relatively poor at evaluating their olfactory and gustatory deficits;
people often believe they have a deficit when objective testing shows that
they are normal, or conversely remain unaware of their real deficits64. Itmay
alsobe the case that people didnot correctly identify gustatory loss, as people
often confuse this with olfactory loss81,82 although recent work83 did confirm
loss of taste associated with COVID-19 using the “GCCR Smell and Taste
check” test (see also ref. 27). A further limitation is that “Other” symptoms
are not defined. At the end of the survey participants were simply asked to
describe symptoms that they had not mentioned in preceding questions.
Some participants included symptoms, such as breathlessness and fatigue
(which had been listed in the previous description of “Flu-like symptoms”)
or anxiety (which had been listed under “cognitive symptoms”). The
symptoms described as “other” are very heterogeneous.

Finally, although as commented above, the prevalence of symptoms
varies with COVID-19 variant (e.g. ref. 46) we do not have a large enough
sample size to be able to evaluate this factor.

Nevertheless, taken as a whole, our data do have features that give
confidence in the information provided. They show that the average age of
hospitalized people is greater than that of un-hospitalized people and that
the average age of those with symptoms is higher than the average age of
those without, correlating with known information relating to the vulner-
ability of people toCOVID-19 increasingwith age. The greater vulnerability
of women towards developing chronic effects (which is what we implicitly
measure via self-selection bias) is also consistent with recent studies5,84. The
dates reported by the participants are consistent with the different waves of
infection in France85. Finally the geographical distribution of the partici-
pants correlates well with official government indicators86,87.

Another result that needs to be discussed is that a significant propor-
tion of participants declared themselves cured of COVID-19, yet later
described a number of persistent symptoms (80/200). These responses,
which at first sight seem counterintuitive, are undoubtedly linked to the fact
that declaring oneself cured of COVID-19 depends in part on subjective
factors, on the individual perception of each person. This individual per-
ception, which our data show to be variable from one person to another, is
possibly constructed on the basis of the appreciation of the severity of the
persistent symptoms, or of the feeling that people have still not recovered
their initial state of health. In fact, all of this suggests that there is no simple
definition of who is considered cured or not cured.

Conclusions
The participants in our study experienced a relativelymild initial illness, but
were nevertheless highly symptomatic with a large number finding their
symptoms handicapping. The presence of symptoms of different types was
correlated, with the notable exception of those of olfactory/gustatory nature,
which appear to have a different patient profile. Flu-like and olfactory/
gustatory symptoms invariably began early in the illness, but for many
people cognitive, cutaneous & inflammatory, and cardiac symptoms began
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after the first month. Women were significantly more likely than men to
have symptoms and a higher proportion of women thanmen reported they
needed additional help. In terms of age, the average age of those with
symptoms (of all types except olfactory/gustatory) was higher than that of
those without and the average age of those seeking additional help was
higher than the average age of those with no needs.

Our study shows symptoms severely affect both physical and mental
health together with social and professional interactions. We highlight here
the often neglected impact of olfactory loss on sufferers’ nutrition, mood,
safety & social interactions, for these people improved access to olfactory
training is needed, as fewmedical solutions exist. It is important that policy
makers act to enable affected people regain a normal quality of life. Multi-
disciplinary support is needed to help manage the physical, emotional and
social challenges of the disease: people predominantly ask for specialist
medical help, forwhich improved access is needed, but patientswith anxiety
& depression need help managing their mental health and those unable to
work normally need adequate financial support and help with managing
their professional challenges.There is also aneed for raising awareness in the
general population by fighting against fake news, supporting scientific
research, and supporting caregivers and families.

Finally, themagnitude of the health burden suggested by this study is of
concern, but the true impact in the general population remains uncertain.
The inherent selection biases of an online survey may overestimate, or
underestimate, the problem. To extrapolate to the general population, we
need results from random representative samples, data which are hard to
obtain given the heterogeneous nature of the disease and (ideally) the need
for clinical examinations. Nevertheless, given the scale of the problem
already emerging, we feel this should be a priority.

Data availability
The source data used for all analysis described here has been deposited on
the open access database zenodo in csv format88 together with a text readme
file, a pdf with the survey questionnaire and three descriptive json files. We
also provide a description of these data89.
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