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ABSTRACT

Objectives: Long COVID has been recognized since early 2020, but its definition is not unanimous, which
complicates epidemiological assessments. This study estimated the prevalence of long COVID based on
several definitions and severity thresholds in the adult population of mainland France and examined
variations according to sociodemographic and infection characteristics.
Methods: A cross-sectional survey using random sampling was conducted in August—November 2022.
Participants declaring SARS-CoV-2 infection were assessed for infection dates and context, post-COVID
symptoms (from a list of 31, with onset time, daily functioning impact, and alternative diagnosis), and
perceived long COVID. Long COVID prevalence was estimated according to the WHO, National Institute
for Health and Care Excellence, United States National Centre for Health Statistics, and United Kingdom
Office for National Statistics definitions.
Results: Of 10 615 participants, 5781 (54.5%) reported SARS-CoV-2 infection, with 123—759 (1.2—13.4%)
having long COVID, depending on the definition. The prevalence of WHO post-COVID condition (PCC)
was 4.0% (95% CI: 3.6—4.5) in the overall population and 8.0% (95% CI: 7.0—8.9) among infected in-
dividuals. Among the latter, the prevalence varied from 5.3% (men) to 14.9% (unemployed) and 18.6%
(history of hospitalization for COVID-19). WHO-PCC overlapped poorly with other definitions (kappa
ranging from 0.18 to 0.59) and perceived long COVID (reported in only 43% of WHO-PCC).
Discussion: Regardless of its definition, long COVID remains a significant burden in the French adult
population that deserves surveillance, notably for forms that strongly impact daily activities. More
standardized definitions will improve integrated surveillance of, and better research on, long COVID.
Joél Coste, Clin Microbiol Infect 2024;30:924
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Introduction

Since early 2020, the world has experienced several waves of
SARS-CoV-2 infections. Prolonged suffering post-infection,
commonly referred to as ‘long COVID’, was soon recognized and
various definitions have since been proposed, mostly based on
persistent symptoms and time elapsed from the acute disease
phase [1—4]. Faced with large variations in incidence and preva-
lence estimates because of different methodologies and definitions,
the WHO proposed a definition of ‘post-COVID-19 condition’ (PCC)
in October 2021 [5,6]. This definition, resulting from an expert
consensus using Delphi methodology, uses a symptom-based
approach. A broad spectrum of symptoms was listed by the
consensus group, some being very common (e.g. fatigue and
dyspnoea) and others more specific (e.g. taste and smell disorders).
Other non-specific symptoms were subsequently reported (e.g. hair
loss and sexual dysfunction) [7—10].

Despite the WHO definition of PCC, various definitions are still
used, not only in clinical research settings [11], but also in popu-
lation surveys [12—15]. Measures of perceived long COVID, which
also vary in conception, have also been used [16,17]. Consequently,
prevalence estimates continue to vary widely, compounded by the
fact that most studies (and reviews) are based on cohorts of pa-
tients hospitalized or treated in health care systems [7,18—23],
which differ across countries and have varied throughout the
COVID-19 pandemic. To date, general population estimates remain
scarce and heterogeneous in terms of definitions [14,24—26], to the
detriment of public health decision-making, which needs evidence
about the burden of the condition in the population.

A French study was conducted in March—April 2022 using an
online questionnaire on a panel of volunteers from the adult
population, yielding the first prevalence estimates of WHO-PCC
(4% of the general population and 30% of those infected) [14].
However, the limitations of this first study made it necessary to
carry out a new study using a more robust methodology (random
sampling) and more comprehensive indicators. It was also
important to re-assess the situation following the large waves of
Omicron variants in 2022, which affected a large part of the
French population.

The objective of this study was to estimate the prevalence of
long COVID and its main sociodemographic and infection de-
terminants in the adult population living in mainland France while
considering several definitions and severity thresholds as well as
participants' perception of having had long COVID.

Methods
Study design

The random sampling survey was conducted from 29 August to
26 November 2022. Participants aged >18 years and living in
mainland France were interviewed by computer-assisted telephone
interviewing to collect information about their socioeconomic
characteristics (age, sex, place of residence, household composition,
education level, and household income) and previous SARS-CoV-2
infections (date of onset, confirmation by test or physician diag-
nosis, workplace infection, hospitalization for at least 24 hours, and
intensive care admission because of SARS-CoV-2 infection). Par-
ticipants reporting previous SARS-CoV-2 infection were further
asked about their present symptoms (list of 31 symptoms, with
date of onset, impact on daily functioning, and potential explana-
tion by another disease). Participants' overall perception about
having had long COVID was also assessed. More details are pro-
vided in the Supplementary Methods.

Ascertainment of SARS-CoV-2 infections and long COVID

Participants reporting SARS-CoV-2 infection were classified as
having ‘confirmed’ (formal diagnosis or positive test) or ‘probable’
infection.

Long COVID was identified using several definitions: WHO-PCC,
with five variations according to impact on daily functioning, Na-
tional Institute for Health and Care Excellence (NICE), United States
National Centre for Health Statistics (US-NCHS), and United
Kingdom Office for National Statistics (UK-ONS). These definitions
are presented in detail in the Supplementary Methods and
Tables S1 and S2.

Infections and WHO-PCC were linked to the different epidemic
waves, strains, and variants according to their date of onset
(Supplementary Material).

Statistical analyses

Cumulative incidence of SARS-COV-2 and standardized preva-
lence of long COVID according to the various definitions were
computed using appropriate weights. Poisson regression with
robust variance was used to derive prevalence ratios associated
with the main sociodemographic and infection characteristics at
two levels: (a) general population (i.e. identifying the characteris-
tics associated with the overall risk of having long COVID, including
the risk of infection) and (b) participants reporting at least one
SARS-CoV-2 infection (i.e. identifying the characteristics associated
with the prognostic risk of developing long COVID once infected).
These analyses were conducted using the WHO-PCC definition (the
most widely used symptom-based and only international defini-
tion) and perceived long COVID. Agreement between long COVID
definitions was expressed using Cohen's kappa statistic
(Supplementary Material).

Ethics

The survey planning, conduct, and reporting were in line with
the Declaration of Helsinki. According to French law, this study did
not have to obtain the approval of a national ethics committee
because it relies only on the analysis of anonymously collected data.
The survey was approved by the institutional review board of Santé
Publique France, the French Public Health Agency, on 19 August
2022. In accordance with the guidelines of the French Data Pro-
tection Authority (Commission Nationale de I'Informatique et des
Libertés), all subjects included in this study were informed and
gave oral consent to participate before the telephone interview.
Data processing complied with the EU Data Protection Regulation
2016/679 (General Data Protection Regulation).

Results

Overall, 10 615 participants with a mean age of 50.3 years (ex-
tremes: 18—97 years) were interviewed (participation rate: 55%), of
whom 5556 (52.3%) were women and 5781 (54.5%) reported SARS-
CoV-2 infection (Table 1). Infection was more frequently associated
with women, middle age, not living alone, employed and especially
self-employed status, more educated and wealthier individuals,
residents of Paris and its region, and the least deprived areas.
Among the 5781 participants infected at least once, 7157 different
infections were recorded, including 4165 (58.2%) during the ‘Omi-
cron’ waves; 5131 participants declared being infected (at least
once) more than 3 months before the survey (88.8% of those
infected) (Table S3). Among infected participants, 83 (0.8%) were
hospitalized, including 30 (0.3%) in intensive care (Table 1).
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Table 1

Characteristics of the survey sample and cumulative incidence rate of reported
SARS-CoV-2 infection (positive test or probable diagnosis) according to socio-

demographic factors

J. Coste et al. / Clinical Microbiology and Infection 30 (2024) 924—929

Survey sample Cumulative incidence
characteristics rate of self-reported

N (%) SARS-COV-2 infection
(% and 95% CI)
All 10 615 54.5 (53.3—55.6)
Sex
Men 5059 (47.7) 51.7 (49.9-53.4)
Women 5556 (52.3) 57.0 (55.4—58.6)
Age
1824y 1091 (10.3) 62.7 (58.8—66.6)
25-34y 1542 (14.5) 64.1 (60.9—67.3)
35-44y 1686 (15.9) 65.0 (62.0—68.0)
45-54y 1785 (16.8) 61.4 (58.5-64.4)
55—64y 1728 (16.3) 50.3 (47.5—53.2)
65—74y 1544 (14.6) 42.1 (39.2—44.9)
>75y 1238 (11.7) 32.0 (28.9-35.0)
Education
Less than secondary 5268 (49.6) 45.7 (43.8—47.5)
Secondary 3189 (30.0) 60.8 (58.9—62.7)
Tertiary 2158 (20.3) 66.6 (64.7—68.5)
Household size
1 person 2858 (26.9) 42.7 (40.4—45.0)
2+ persons 7757 (73.1) 58.8 (57.4—60.2)
Employment status
Paid employment 5574 (52.5) 63.3 (61.7—-64.9)
Unemployed 520 (4.9) 53.4 (47.2-59.7)
Retired 3100 (29.2) 38.8 (36.8—40.8)
Other inactive 1421 (13.4) 54.4 (50.8—58.0)
Occupation
Company manager, entrepreneur 519 (4.9) 63.5 (58.4-68.7)
Senior manager, professional 1511 (14.2) 70.9 (68.5-73.3)
Middle manager, teacher 920 (8.7) 65.5 (61.8—69.2)
Office employee 2498 (23.5) 60.6 (58.0—63.2)
Manual worker 644 (6.1) 445 (39.2—49.8)
No occupation, retired or studying 4521 (42.6) 43.7 (41.9—-45.5)
(inactive)
Employer
Public employer 1510 (14.2) 63.0 (60.0—66.1)
Private employer 3298 (31.1) 62.5 (60.4—64.5)
Self-employed 765 (7.2) 67.2 (63.3-71.1)
Other 5041 (47.5) 44.7 (43.0—46.4)
Household income
First tertile 3647 (34.4) 45.6 (43.4—47.9)
Second tertile 3506 (33.0) 56.0 (54.0—57.9)
Third tertile 2709 (25.5) 64.7 (62.7—66.6)
Not reported 753 (7.1) 53.5 (49.0—58.0)
Size of place of residence
Rural 2447 (23.1) 53.0 (50.6—55.4)
Less than 20 000 inhabitants 1837 (17.3) 52.1 (49.3-54.9)
20 000—99 999 inhabitants 2006 (18.9) 51.9 (49.2—-54.6)
>100 000 inhabitants 2540 (23.9) 56.5 (54.1-58.8)
City of Paris 1784 (16.8) 59.0 (55.8—62.1)
Region
Ile-de-France (Greater Paris) 1970 (18.6) 58.7 (55.8—61.7)
Northeast 2323 (21.9) 53.5 (51.0-56.0)
Northwest 2123 (20.0) 504 (48.0-52.9)
Southeast 2206 (20.8) 57.4 (54.8—59.9)
Southwest 1993 (18.8) 52.4 (49.7-55.2)
Deprivation index Fdep®
First quintile 2367 (22.6) 60.4 (58.0—62.8)
Second quintile 1994 (19.0) 55.6 (53.0—58.3)
Third quintile 2041 (19.5) 55.5 (52.8—58.2)
Fourth quintile 1952 (18.6) 51.1 (48.3-53.8)
Fifth quintile 2133 (20.3) 49.2 (46.4—52.0)
Survey sample
characteristics
N (%)
Number of reported SARS-COV-2 infections (N = 10 613)
0 4834 (45.5)
1 4632 (43.6)
2 946 (8.9)
3 175 (1.7)

Table 1 (continued )

Survey sample
characteristics

N (%)

4 21(0.2)

5 5(0.1)
Number of reported positive tests for SARS-COV-2 infections

0 5540 (52.2)

1 4320 (40.7)

2 678 (6.4)

3 70 (0.6)

4 5(0.1)

5 2 (0.0)

Time elapsed since first SARS-COV-2 infection exceeding 3 mo (if at least one

probable infection, N = 5781)

Yes 650 (11.2)

No 5131 (88.8)
Median (Q1, Q3) time elapsed since last infection (d) 229 (122, 339)
SARS-CoV-2 exposure in the workplace (if probable infection, N = 5781)

Yes 1335 (23.1)

No 3136 (54.3)

Cannot say 233 (4.0)

Not in employment 1075 (18.6)
Hospitalization for acute COVID-19

Yes 83 (0.8)

No 10 532 (99.2)
Intensive care for acute COVID-19

Yes 30(0.3)

No 10 585 (99.7)

Fdep: French deprivation index. (see supplementary reference [1]).
4 Missing in 94 military subjects.

Symptoms and agreement between definitions

Fatigue was the most common symptom reported by partici-
pants declaring probable or confirmed infection with SARS-CoV-2
at least 3 months earlier, followed by sleep disorders, anxiety,
and joint pain. However, less than 10% of participants—and often
much less—met the WHO-PCC criteria for each symptom, differing
from the less stringent NCHS (<20%), NICE (<30%), and UK NOS
definitions (up to 40%) (Table S4).

Among symptom-based definitions of long COVID, UK-ONS had
the largest prevalence estimate (13.4%) followed by NICE1 (8.6%),
US-NCHS (7.6%), NICE2, and WHO-PCC (4.0%). The prevalence based
on participants' perception of having had long COVID was 7.1%.

Agreement between the different long COVID definitions was
slight to moderate with kappa coefficients ranging from 0.18 to 0.59
(Figs S1(a) and (b)). For example, 47%, 29%, 38%, and 55% of par-
ticipants who respectively met the US-NCHS, UK-ONS, NICE1, and
NICE2 definitions also met the WHO-PCC definition. Only 43% of
participants meeting the WHO-PCC and NICE2 definition consid-
ered themselves to have had long COVID. Those meeting the
strengthened WHO-PCC definition were more likely to declare
having had long COVID, although the endorsement did not exceed
60% (endorsement range 27—33% with other definitions). Discrep-
ancies affected both sexes and all age classes (Table S5). Subjects
meeting the different definitions of long COVID were similar, with
the exception of workplace infection and hospitalization, which
differed more substantially (Table S6).

Prevalence of long COVID prevalence and variations

When considering the WHO-PCC definition, including at least
low impact on daily activities, PCC prevalence was 4.0% (430/
10 615, 95% CI: 3.6—4.5) in the overall population, with significant
variations (Tables S5 and S7; Fig. 1): WHO-PCC prevalence was
more than twice as high in women than in men and 68% higher in
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Fig. 1. Prevalence of WHO post-COVID-19 condition (PCC) and perceived long COVID in the general population according to sex and age, in %.

unemployed people; it was two to three times lower among elderly
participants and lower among participants living alone.

With the strengthened WHO-PCC definition requiring at least
moderate impact on daily activities, the prevalence was 2.4% (257/
10 615, 95% CI: 2.1-2.8). This prevalence fell to 1.2% (132/10 615,
95% CI: 1.0—1.5) when only considering participants reporting the
strong or very strong impact of symptoms on daily activities, i.e.
30% of participants meeting the WHO-PCC definition had ‘severe’
forms. Limiting the WHO definition in terms of time to onset and
symptom duration had less impact on prevalence estimates,
ranging between 2.7% and 3.5% (Table S5; Figure S1(a)).

Considering participants' perceived long COVID, the prevalence
was 7.1% (759/10 615, 95% CI: 6.5—7.8), with a higher prevalence
among women and self-employed and a lower prevalence among
participants over 75 years, retired, or living alone (Tables S5 and S7;
Fig. 1).

Participants reporting probable or confirmed infection: long COVID
prevalence and variations

Among participants reporting probable or confirmed infection
more than 3 months ago, 8.0% (430/5781, 95% CI: 7.0—8.9) met the
WHO-PCC definition, with prevalence varying from 5.3% (men) to
14.9% (unemployed) and 18.6% (COVID-19-related hospitalization)
(Table S7). Of those with WHO-PCC, 37.9% had symptoms that
lasted between 6 and 12 months, 8.5% between 12 and 18 months,
and 22.4% for more than 18 months. Around one-fifth (21.3%) of
participants with WHO-PCC were infected during the Delta variant
wave, a higher proportion than all infections reported in the
studied population (13.1%). WHO-PCC accounted for 53.2% of cases
after the start of the Omicron waves (with the Omicron waves
representing 58.2% of all infections) (Table S3).

A higher prevalence of WHO-PCC was associated with women,
unemployment and hospitalization, and intensive care for acute
COVID-19 (Table S7).

Considering participants' perceived long COVID, prevalence was
13.1%, with a higher prevalence in women and participants aged
between 45 and 64 years. Perceived long COVID prevalence was
also higher among those belonging to certain socioeconomic
groups (low income, fourth deprivation quintile, intermediate oc-
cupations such as middle manager or teacher, and self-employed
workers including entrepreneurs and company managers) as well
as those infected in the workplace. Finally, as with WHO-PCC,
perceived long COVID was strongly associated with hospitaliza-
tion and intensive care admission because of acute COVID-19
(Table S7).

Discussion
Burden of long COVID

This study confirms that in late 2022, long COVID represented a
significant burden in the French adult population, with prevalence
estimates ranging from 1.2% to 13.4% depending on the definition.
Retaining the value of 4% based on the standard WHO-PCC defini-
tion, this corresponds to 2.06 million adults living in France at the
end of 2022. Using the strengthened WHO-PCC definition that re-
quires at least moderate impact on daily activities (probably more
relevant in terms of actual morbidity), the prevalence is 2.4% with
1.24 million people being affected.

The standard WHO-PCC estimate of 4% remains unchanged from
the estimate obtained in the previous survey, covering the period
before the Omicron waves of 2022 [14]. However, this does not
mean that this chronic condition is invariable, because half of all
cases reported here were from the Omicron waves, whereas all
cases were pre-Omicron in the previous study. This suggests that at
least half of the long COVID cases associated with pre-Omicron
waves had resolved by the time of our study. Moreover, a prob-
ably real decrease in WHO-PCC prevalence was observed among
participants declaring confirmed or probable infection: 8% vs. 30%
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observed in early 2022 using the same WHO definition but a panel
sampling [14] This suggests that the Omicron waves were associ-
ated with a lower risk of WHO-PCC, which is in full agreement with
the literature that highlights a two-to five-fold risk reduction with
the Omicron variants (or their context, notably in terms of vacci-
nation coverage) compared with earlier variants [27,28]. Prevalence
reports from the US-NCHS and the UK-ONS also point to a stabili-
zation of prevalence figures in 2022—2023 [24,25], resulting from
similar dynamics regarding both SARS-CoV-2 infection and the risk
of long COVID associated with more recent waves.

Definition of long COVID

This study highlights significant differences depending on the
definition of long COVID, not only in terms of prevalence estimates,
which may result from quantitative differences in sensitivity, but
also with regards to the agreement between definitions, which
suggests more fundamental differences. The agreement was at best
moderate between the different operationalized symptom-based
definitions, with only slight agreement between these definitions
and the participant's self-perception. This latter result (already
found in our previous comprehensive analysis of the WHO defini-
tion [17]) is particularly concerning. This should lead us to question
the current symptom-based definitions of long COVID according to
which 27—60% of cases based on the definition do not perceive
themselves as having had long COVID.

Sociodemographic and infection characteristics and high prevalence
groups

The complementary analyses conducted in the overall general
population and the population infected with SARS-CoV-2 allowed
us to identify and distinguish groups with a higher prevalence of
long COVID in terms of the infection risk (overall risk) and/or the
risk of developing long COVID once infected (prognostic risk). These
two complementary risk-based approaches are in line with the
conceptualization of long COVID as both a separate nosological
entity, similar to encephalomyelitis/chronic fatigue syndrome [29],
and a direct complication of SARS-Cov-2 infection.

Among the sociodemographic and infection characteristics, fe-
male sex was associated with an increased risk of long COVID
because of both the higher infection risk and the increased risk of
long forms once infected. Age over 65 and living alone were asso-
ciated with a lower cumulative incidence of COVID-19 and thus a
lower risk of long COVID, whereas the risk of long COVID in the case
of infection was not lower. Socioeconomic characteristics were
mostly associated with the risk of SARS-CoV-2 infection (in terms of
both testing and positivity rates [30]), although they could be
linked to prognostic risks such as employment status (i.e. unem-
ployed people are at greater risk [31]). Nevertheless, the risk of long
COVID related to hospitalization and intensive care is typically
prognostic, although non-specific mechanisms such as those
involved in post-intensive care syndrome [32] cannot be excluded.
The difference between regions observed in a previous study [14]
did not hold true in the current study. This difference was probably
because of exposure variations during the 2020 Wuhan waves: by
late 2022, after several large Delta and Omicron waves, all French
regions had been similarly affected.

Strengths and limitations

This survey has several strengths that make it unique: its large
representative nationwide sample, satisfactory participation rate,

comprehensive symptom assessment (date of occurrence, expla-
nations by alternative diagnoses, and impact on daily activities
using a Likert scale), and use of multiple definitions of long COVID
with several severity thresholds. The limitations relate to its
exclusively self-reported data (even if collected by experienced
professionals) and especially its cross-sectional design, which
prevents strong causal inferences. Only basic adjustments (for sex
and age) were performed because of the study's mainly descriptive
aims. The operationalization of several definitions was also prob-
lematic because of the presence of adverbs such as ‘usually’ and
‘generally’ whose use has long been discouraged for logical reasons
[33]. We did not consider these adverbs in our operationalizations.
The validity of participants’ overall perception of having had long
COVID may also be called into question. The lack of previous studies
led us to create an ad hoc question, similar to our previous study
[17], although it was only tested for comprehension in short pilot
studies.

Perspectives and recommendations

Despite the stabilization of its prevalence in France in 2022,
suggesting the favourable course of many cases over time, long
COVID remains one of the most frequent long-standing or ‘chronic
health conditions’ in this country. Insofar as COVID-19 is not set to
disappear (as suggested by the current new epidemic waves), long
COVID and especially the forms with a strong impact on daily ac-
tivities will continue to represent a significant burden for the so-
cieties and health care systems of most countries, thus warranting
ongoing surveillance. Standardized definitions, most probably
including WHO-PCC with different severity thresholds, are needed
to harmonize surveillance systems and improve knowledge about
the risk factors associated with long COVID in order to better inform
preventive, screening, and therapeutic strategies.
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