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Abstract

Background: We aimed to estimate the seroprevalence of SARS-CoV-2 infection in France and to identify the popu-
lations most exposed during the first epidemic wave.

Methods: Random selection of individuals aged 15 years or over, from the national tax register (96% coverage).
Socio-economic data, migration history, and living conditions were collected via self-computer-assisted-web or
computer-assisted-telephone interviews. Home self-sampling was performed for a random subsample, to detect IgG
antibodies against spike protein (Euroimmun), and neutralizing antibodies with in-house assays, in dried blood spots
(DBS).

Results: The questionnaire was completed by 134,391 participants from May 2nd to June 2st, 2020, including 17,441
eligible for DBS 12,114 of whom were tested. ELISA-S seroprevalence was 4.5% [95% Cl 3.9-5.0] overall, reaching up
to 10% in the two most affected areas. High-density residences, larger household size, having reported a suspected
COVID-19 case in the household, working in healthcare, being of intermediate age and non-daily tobacco smok-

ing were independently associated with seropositivity, whereas living with children or adolescents did not remain
associated after adjustment for household size. Adjustment for both residential density and household size accounted
for much of the higher seroprevalence in immigrants born outside Europe, twice that in French natives in univariate
analysis.

Conclusion: The EPICOV cohort is one of the largest national representative population-based seroprevalence sur-
veys for COVID-19. It shows the major role of contextual living conditions in the initial spread of COVID-19 in France,
during which the availability of masks and virological tests was limited.

Keywords: COVID-19, SARS-COV-2, Seroprevalence, Population-based survey, Random sample, Risk factors

Introduction

The COVID-19 pandemic has highlighted the para-

mount importance of public health surveys including

assessments of seroprevalence for estimating the cumu-
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or asymptomatic individuals and the lack of RT-PCR
screening tests at the start of the pandemic [1]. Nation-
wide-representative population antibody studies have
been conducted in few countries to assess SARS-CoV-2
circulation, but rarely on random sample from general
population [2].

France has been severely affected by COVID-19, but
disease burden has been uneven across the country. Con-
cerns about the contributions of social inequalities to
spatial variations of COVID-19 exposure or severity have
been raised [3], but most of the available data are based
on deaths, hospitalization or reported cases [4].

EpiCOV is a large French national random population-
based public health study including serological testing
and longitudinal follow-up, aiming at both analysing the
impact of living conditions on the dynamics of the epi-
demic, and the impact of the epidemic on health and liv-
ing conditions[5].

Here, we aimed to provide a national estimate of SARS-
Cov2 seroprevalence in France in May 2020, at the end
of the first lockdown, and to identify the most exposed
populations in terms of living and socio-economic
conditions.

Methods
Study design
Individuals aged 15 years or older living in mainland
France or three of the five French overseas territories were
randomly selected from the FIDELI administrative sam-
pling frame. FIDELI covers 96.4% of the population living
in France, providing postal addresses for all individuals,
and an e-mail address or telephone number for 83%.
Sampling was stratified for two criteria: administrative
area (départements—equivalent to counties—in main-
land France and three overseas territories), and a binary
indicator of poverty defined on the basis of a threshold of
60% of the median national per capita household income.
A differential sampling fraction was used to ensure over-
representation of the less densely populated départe-
ments and people with lower incomes, for which lower
response rates were expected. Individuals living in resi-
dential care homes for the elderly were excluded.

Multimodal data collection

All selected individuals were contacted by post, e-mail
and text messages (SMS), with up to seven remind-
ers. Self-computer-assisted-web (CAWI) or computer-
assisted-telephone interviews (CATI) was offered to
a random subsample of 20%. The remaining 80% were
assigned to CAWI exclusively.
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Home blood self-sampling and serological testing

Home capillary blood self-sampling was proposed dur-
ing the web/telephone questionnaire. Dried-blood spots
were collected on 903Whatman paper (DBS) kits set to
each participant agreeing to blood sampling mailed to the
central biobank (Robert Pellegrin Hospital, Bordeaux)
to be punched with a PantheraTM machine (Perkin
Elmer). Eluates were processed in the virology labora-
tory (Unité des virus Emergents, Marseille) with a com-
mercial ELISA kit (Euroimmun®, Liibeck, Germany) for
detecting anti-SARS-CoV-2 antibodies (IgG) against the
S1 domain of the viral spike protein (ELISA-S), according
to the manufacturer’s instructions. All samples with an
ELISA-S test optical density ratio> 0.7 were also tested
with an in-house microneutralization assay to detect
neutralizing anti-SARS-CoV-2 antibodies. For this assay,
VeroE6 cells cultured in 96-well microplates, 100 TCIDy,
of the SARS-CoV-2 strain BavPatl (courtesy of Prof.
Drosten, Berlin, Germany) and serial dilutions of serum
(1/20-1/160) were used, as described elsewhere [6]. Dilu-
tions associated with the presence or absence of a cyto-
pathic effect on 4.5 days after infection were considered
negative and positive, respectively. The virus neutraliza-
tion titer (VNT) referred to the highest dilution of serum
with a positive result. Specimens with a VNT >40 were
considered positive, as the specificity at this threshold
was 100% on 486 samples collect before the emergence of
SARS-Soc-2 in 2017.

For the first round of the study in May 2020, due to
the logistic complexity of such rapid implementation, a
national mainland subsample and six department subsam-
ples were randomly selected for testing, including those
with the highest COVID-19 prevalences at the time.

Outcome

Seroprevalence was estimated as the proportion of the
individuals tested with an ELISA-S ratio>1.1 (ELISA
S+), according to the ratio threshold supplied by the
manufacturer, considered as the main criteria. We also
considered the proportion of individuals with neutral-
izing antibodies with titres>40 (SN+). Two more sen-
sitive estimates of seroprevalence were provided: the
proportion of individuals with an ELISA-S ratio > 0.7, the
threshold for the microneutralization assay, and the pro-
portion of individuals with an ELISA-S+ or SN+ result.

Exposure
We considered the contextual variables, living condi-
tions, and individual characteristics.

As contextual variables, we considered the quintile of
hospitalisation for COVID-19 and the sextile of COVID-
19 death rate cumulated until the first week of May at
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department level, the population density in municipality
of residence, and whether the neighbourhood was con-
sidered socially deprived, in accordance with national
definitions for prioritising targeted socio-economic
interventions.

Living conditions included the number and age of the
people living in the household, overcrowding (defined as at
least two people living in less than 18 m? per person), and
whether one of the other members of the household was
reported to have had fever, cough or a positive virological
test since January 2020 (suspected COVID-19 case).

The individual characteristics recorded included gen-
der, age, tobacco use, the decile income of the household
per capita, diplomas, occupation and migration history.

Ethics and reglementary issues

This study was performed in accordance with the rele-
vant guidelines and regulations. The survey was approved
by the CNIL (the French data protection authority) (ref:
MLD/MFI/AR205138) and the ethics committee (Comité
de Protection des Personnes Sud Meediterranee III 2020-
A01191-38) on April 2020. The survey was also approved
by the “Comité du Label de la Statistique Publique” All
participants or their legally authorized representatives had
provided informed consent to participation in this study.
The serological results were sent to the participants by post
with information about interpreting individual test results.

Statistical analysis

SARS-Cov-2 seroprevalence was estimated with 95%
confidence intervals at the national level and by geo-
graphic area, contextual variables, housing condi-
tions, and individual characteristics. Multivariate
logistic regression models included non-collinear vari-
ables identified as potential risk factors, and variables
with p-values <0.20 in univariate analysis. Univariate and
multivariate analyses were conducted with ELISA-S+as
the main outcome. We considered the subpopulation of
individuals not living alone for investigating the effects of
the number of people living in the household, the pres-
ence of a minor (under 18 years of age) and a suspected
COVID-19 case among household members.

Non-response adjustment weights

Final calibrated weights were calculated to correct for non-
response, as detailed elsewhere [5]. The sampling weight
(the inverse of inclusion probability) was first divided by
the probability of response estimated with logit models
adjusted for auxiliary variables potentially linked to both
the response mechanism and the main variables of interest
in the EpiCov survey. The Fideli sampling frame provided a
wide range of auxiliary variables, including the socio-demo-
graphic variables, income distribution classes, quality of
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contact information, and contextual variables, such as popu-
lation density, the proportion of people aged over 65 years or
below the poverty line in the area, obtained by georeferenc-
ing information. Response homogeneity groups were then
derived from this estimated probability (established within
each department for correction for non-response to the
common short questionnaire). The response probability was
then estimated from the percentage of respondents in each
homogeneity group, yielding first-step weights.

In the second step, these weights were calibrated
according to the margins of the population census data
and population projections for several variables (10-
year age categories, sex, département, diploma level,
and region). Weights for the serological subsample
were calibrated at national and local level for the six
overrepresented areas. This calculation was designed to
decrease the variance and the residual bias for variables
correlated with margins.

The sampling design was taken into account for esti-
mating prevalence, and confidence intervals in statisti-
cal tests, and crude and adjusted odds ratio in logistic
regression models.

Analyses were performed with SAS proc survey and
STATA svy procedures.

Results

We selected 371,000 people aged 15 years or over at ran-
dom, 134,391 of whom completed the questionnaire from
May 2th to June 2th 2020. Within the random subsample
of 17,123 people living in mainland France eligible for
home testing, 14,995 agreed to receive the kit, 12,423 sent
the DBS sample to the biobank and 12,114 samples could
be analyzed (Fig. 1). The median date for blood sampling
was May 21st 2020 (IQR 18th—28th May).

National and territorial seroprevalence (Table 1, Fig. 2,
Additional file 1: Table S1)

For the main outcome (ELISA-S ratio > 1.1),
seroprevalence was 4.5% [95%CI 3.9—5.0] nationally
(Table 1). Neutralizing antibodies (SN+) were detected
in 4.1% [3.6—4.7] corresponding to 70.7% [65.0—-76.4] of
those with an ELISA-S ratio > 1.1 (549/785) and 36.6%
[27.7-45.4] of those with an ELISA-S ratio between 0.7
and 1.1 (107/347). Seroprevalence was 5.5% [4.8—6.1]
considering all ELISA S+ or SN+ individuals, and 7.1%
[6.4—7.8] if an ELISA threshold of 0.7 was used instead
of 1.1. Median and inter-quartile range of Elisa-S ratio
and the distribution of Virus Neutralization Titer are
reported in Additional file 1: Tables S5a and b.
Considerable geographic differences were observed. In
the départements with the highest and lowest cumulative



Warszawski et al. BMC Infectious Diseases (2022) 22:41

Page 4 of 13

Currently aged>15 years, not living in residences for the elderly or prisons,
living in mainland France, the French West Indies or Reunion Island

( 371 000 persons selected from the 2028 FIDELI Sampling Frame ’

Reunion Island
N =7000

Mainland France West Indies
N =350 000 N =14 000
|

| 222 151 for whom no contact was made |

7835 not in the target population or not the selected person

* 2348 not the selected person

* 4137 deceased (information obtained from a contact or hotline)

* 994 Livingin a residence for the elderly since 2020

* 188 Living outside France or in French Guiana or Mayotte in 2020
* 168 Other

| 6623 Questionnaires not sufficiently completed for analysis |

.

* 120154 short version
* 14237 longer version

Mainland France

[ 134 391 Respondents
N =129 680 (37%)

West Indies
N =2 520 (18%)

Reunion Island
N =2 191 (32%)

Fig. 1 Flowchart: the national EpiCov cohort, round 1—May 2020

—)

17 123 asked to receive kits

[ 14995 (88%) kits accepted ]

¥

12 423 (83%) samples returned

' * 303 not enough blood
6 broken tubes

[ 12114 (97,5%) serology performed]

death rates until May, seroprevalence was 9.5% [7.6—
11.3] and 2.3% [1.1-3.4] for an ELISA-S ratio>1.1,
respectively.

Relationships between contextual living conditions
and ELISA-S+ seropositivity (Tables 2 and 3)

In the two regions most affected by the epidemic,
Ile-de-France and Grand-Est, prevalence was highest
in metropolitan areas. Seroprevalence (ELISA-S+) in
individuals living in densely populated municipalities
was twice (6.4%) that of individuals living in zones
of moderate (3.4%) or low (3.3%) population density.
Socially deprived neighborhoods had rates twice those
of non-deprived (8.2% versus 4.2%; p=0.019), and
overcrowded housing was associated with a doubling of
seroprevalence (9.2% versus 4.3%; p <0.001).
Seroprevalence increased strongly with the number of
people living in the same dwelling, from 2.1% for peo-
ple living alone, to 8.5% for households with more than
four members (p=0.017). It was higher in households of
more than one person including a minor (4.0% vs. 1.2%;
p<0.001). This association disappeared after adjustment
for household size (Additional file 1: Table S2).
Seroprevalence was higher for participants report-
ing that another member of the household had pre-
sented symptoms or had a positive PCR test (12.9%
versus 4.0%; p <0.001). This association was not affected

by adjustment for household size, the presence of minors
or population density of the living municipality (Addi-
tional file 1: Table S2).

Relationships between individual characteristics
and ELISA-S+ seropositivity (Tables 2, 3, 4)

Seroprevalence tended to be higher in women than in
men (5.0% versus 3.9%; p=0.054), and increased with
age, from 3.6% in people aged 15-20 to 6.9% in those
aged 3049 years, before decreasing to 1.3% in those
aged 65 or over (p<0.001). Daily smokers had a lower
likelihood of having antibodies than occasional, former
or non-smokers, in whom seroprevalence was similar
(2.8% vs. 5%; p=0.031).

Seroprevalence was highest in healthcare profession-
als (11.4%), twice that in people with other occupations
self-reported as essential (5.2%) or non-essential (5.7%)
during the first national lockdown (p=0.002). Sero-
prevalence was 3.0%in individuals with no professional
occupation.

The individuals with the lowest level of education had
the lowest seroprevalence (2.8%), below those who had
completed high school (5.8%) or at least a bachelor’s
degree (6.2%) (p<0.001). Concerning family income
per capita, the highest seroprevalence (5% to 6%) was
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Table 1 Prevalence of antibodies against SARS-CoV-2" in people living in France? at the end of the first lockdown according to
cumulative hospitalisation and death rates cumulated until the first week of May at départment level: the national EpiCov cohort,
round 1—May 2020

Total ELISA-S+ SN+ ELISA-S+ or SN+ ELISA-S+/i
ELISA-S>1.1 Neutralisation ELISA-S>0.7
assay > 40
N N %> 95%CP N %>  95%CP N %  95%CP N %3 95%CP
Mainland France 12,114 785 45 [3.9-5.0] 656 4.1 [3.6-4.7] 892 5.5 [4.8-6.1] 1132 7.1 [6.4-7.8]
Quintile of hospitalisation rate
1st quintile (lowest rate) 1017 30 2.7 [15-39] 24 1.9 [11-27] 38 33 [20-46] 61 57 [4.0-75]
2nd quintile 1228 43 29 [1.9-38] 37 24 [1.5-32] 60 39 [28-501 77 51 [3.8-63]
3rd quintile 1170 52 3.6 [25-47] 50 3.6 [25-48] 62 44  [3.1-56] 72 52 [3.9-6.6]
4st quintile 3378 148 4.1 [29-53] 115 47 [32-62] 170 56 [41-7.2] 245 72 [5.5-89]
5st quintile (highest rate) 5321 512 92 [74-109] 430 80 [63-9.7]1 562 100 [82-117] 677 124 [105-14.3]
Sextile of death rate
1st sextile (lowest rate) 734 19 23 [1.1-34] 16 16 [08-25] 27 3.1 [1.8-44] 40 48 [3.1-6.5]
2nd sextile 1156 26 27 [16-38] 31 23 [14-31] 47 36 [24-4.8] 67 54 [3.8-69]
3rd sextile 892 38 36 [23-49] 35 32 [20-44] 49 44 [30-58] 62 59 [4.2-7.5]
4st sextile 2393 99 34 [25-44] 71 3.8 [25-5.1] 113 47 [33-6.1] 165 58 [43-7.3]
5st sextile 1780 91 53 [35-7.1] 84 57 [3.7-76] 106 64 [44-85] 134 7.7 [55-99]
6st sextile (highest rate) 5159 502 95 [76-113] 419 81 [63-99] 550 103 [84-122] 664 129 [10.9-15.0]

Bold is used to underline % and OR
" Home sampling for finger prick/Euroimmun ELISA-S and seroneutralization tests
2 people aged 15 or over, residing in mainland France, but not in care homes for the elderly or prisons

3The sampling design is taken into account for the estimation of prevalence, confidence intervals, with the SAS procsurvey procedure. The percentages are weighted
by sampling weight (the inverse of inclusion probability), corrected for non-response probability and calibrated on the margin of the census. The prevalences are not
equal to n/N

A - With positive ELISA-S IgG antibodies by region B - With positive neutralising antibodies by region
1 - Estimated total number of cases with positive Elisa-S test (Cicles) 1- Estimated total number of cases with positive Neutralizing antibodies (Cicles)
2 - Estimated seroprevalence with positive Elisa-S test (Colours) 2 - Estimated seroprevalence positive Neutralizing antibodies (Colours)
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Table 2 SARS-Cov-2 SEROPREVALENCE (ELISA-S>1.1") according to living conditions, and individual socio-economic factors, in

people living in France?: the national EpiCov cohort, round 1—May 2020

N n %3 95% CI
Population density in municipality of residence
Low 3666 219 3.4 [2.6-4.3] <0.001
Medium 3562 199 33 [24-4.1]
High 4886 367 6.4 [5.3-7.5]
Living in a socially deprived neighbourhood
No 11,589 743 4.2 [3.7-4.8] 0.021
Yes 525 42 8.2 [3.7-12.7]
Overcrowded housing*
Living alone 1665 74 2.1 [1.3-2.9] <0.001
Housing not particularly crowded 9095 588 4.3 [3.7-4.9]
Crowded housing 1097 100 9.2 [6.1-124]
Number of people in the household
1 1665 74 2.1 [1.3-2.9] <0.001
2 4266 203 2.7 [21-33]
3 2268 173 5.2 [3.8-64]
4 2560 210 71 [54-8.7]
5 or more 1349 125 8.5 [5.7-11.3]
Suspected COVID cases in the household®
Living alone 1665 74 2.1 [1.3-29] <0.001
No reported cases 8822 433 4.0 [3.3-4.7]
At least one reported case 1621 278 12.9 [104-15.3]
Minor living in the household
Living alone 1665 74 2.1 [1.2-2.9] <0.001
No minor 6284 344 3.8 [3.1-4.5]
At least one minor 4159 367 6.9 [5.6-8.2]
Left usual dwelling during lockdown®
No 11,414 731 4.4 [3.8-4.9] 0.17
Yes 700 54 6.6 [2.9-10.2]
Gender
Men 5469 321 3.9 [3.1-4.7] 0.053
Women 6645 464 5.0 [4.3-5.8]
Age (years)
15-20 928 51 3.6 [1.8-54] <0.001
21-29 1253 81 57 [3.6-7.8]
30-49 4072 366 6.9 [5.8-8.1]
50-64 3375 204 4.5 [3.2-5.9]
>64 2486 83 1.3 [0.9-1.8]
Tobacco use
Daily smoker 1995 69 2.8 [1.8-3.8] 0.031
Occasional smoker 470 33 5.1 [2.6-7.5]
Ex-smoker 3888 253 4.5 [3.4-5.7]
Non-smoker 5756 430 5.1 [4.2-5.9]
Immigration status
French native 9546 597 4.1 [3.5-4.7] <0.001
Tst-generation immigrant from Europe’ 374 24 4.8 [1.9-79]
Tst-generation immigrant from outside Europe’ 528 55 9.4 [55-133]
2nd-generation immigrant from Europe® 706 41 3.6 [2.0-53]
2nd-generation immigrant from outside Europe 548 43 6.2 [34-9.0]
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Table 2 (continued)
N n %3 95% CP? P
Occupational status
Healthcare profession’ 578 74 11.4 [7.7-15.1] <0.001
Other essential profession'” 1219 99 52 [3.6-6.9]
Non-essential profession 4960 365 5.7 [4.7-6.7]
Not occupation 5356 247 3.0 [2.2-3.8]
Highest diploma attained
<High school 4236 204 2.8 [2.1-3.6] <0.001
> High school and < Bachelor’s degree 4029 282 5.8 [4.7-6.9]
>Bachelor's degree 3849 299 6.2 [5.1-7.4]
Family income per capita (deciles)
D01 (lowest) 798 52 5.7 [2.5-8.9] 0.008
D02-D03 1430 86 4.8 [3.3-6.4]
D04-D05 1718 97 3.3 [2.3-4.3]
D06-D07 2423 128 2.9 [2.1-3.7]
D08-D09 3332 237 55 [4.4-6.6]
D10 (highest) 2112 159 6.0 [4.5-7.4]
Reported testing by PCR
Tested positive 83 74 80.5 [60.5-< 1] <0.001
Tested negative 292 22 5.9 [1.1-9.7]
Result of test unknown 21 1 0.4 [04-10.1]
Not tested 11,696 683 4.1 [3.6-4.7]
Don't know if tested 22 5 25.3 [0.3-50.2]

Bold is used to underline % and OR
" Home sampling by finger prick/Euroimmun ELISA-S test

2 people aged 15 years or over residing in mainland France, outside residential housing for the elderly and prisons

3The sampling design is taken into account for the estimation of prevalence, confidence intervals and statistical tests, with the SAS procsurvey procedure. The
percentages are weighted by sampling weight (the inverse of inclusion probability), corrected for non-response probability and calibrated on the margin of the

census. The prevalences are not equal to n/N

4 Living in a housing area with less than 18 m? per inhabitant

%> Other members of the household reported by the participant as having had symptoms or positive PCR tests since February 2020

8 First national lockdown in France: March 17th to May 11th

7 First-generation immigrants: born non-French outside France and living permanently in France (including those who subsequently acquired French nationality)

8 Second-generation immigrants: born and living in France, with at least one parent being a first-generation immigrant

% Including medical and paramedical professionals, Firefighters, Pharmacists and ambulance drivers (but not including hospital cleaners, for example)

" Home helps or housekeepers, food shop workers, delivery drivers, public transportation drivers, cab drivers, bank customer service or reception staff, petrol station
employees, police officers, postal workers, cleaning staff, security guards, construction workers, truck drivers, farmers and social workers

observed for the two lowest and the two highest deciles,
with lower rates (about 3%) for central deciles (p =0.007).

Immigration status was significantly linked to sero-
prevalence, which was higher in first- and second-gen-
eration immigrants born outside Europe (9.4% and 6.2%,
respectively) than in non-immigrants (4.1%), or first- and
second-generation immigrants from Europe (4.8 and
3.6%, respectively). The relationship between seropreva-
lence and immigration status from outside Europe was
unaffected by adjustment for individual factors, but dis-
appeared after adjustment for both residential population
density and household size: crude ORs were 2.4 [1.5-4.0]

and 1.6 [0.9-2.6] for first- and second-generation immi-
grants from outside Europe, whereas the adjusted
ORs were 1.6 [0.9-4.0] and 1.1 [0.6-2.0], respectively
(Table 4).

Sensitivity analyses
Similar associations (Additional file 1: Tables S3, S4) were
found when the analysis was restricted to individuals liv-
ing in the two most affected regions (N =5557).

Similar patterns were also observed for the propor-
tion of individuals with SN titre > 40 (Additional file 1:
Table S4).
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Table 3 SARS-Cov2 SEROPREVALENCE (ELISA-S> 1.1") according to living conditions, and individual socio-economic factors in people
living in France?: the national EpiCov cohort, round 1—May 2020: univariate and multivariate analysis

Univariate analysis®

Multivatiate analysis®

% ORcr 95% ClI OR adj 95% ClI
Population density in municipality of usual residence
Low 34 Ref <0.001 Ref <0.001
Medium 33 0.9 [0.7-1.4] 1.1 [0.8-1.6]
High 6.4 1.9 [1.4-2.7] 1.9 [13-27]
Number people in the household
1 2.1 Ref <0.001 Ref <0.001
2 2.7 13 [0.8-2.1] 1.4 [0.8-2.3]
3 5.2 25 [1.5-4.1] 2.1 [1.2-3.5]
4 7.1 3.6 [2.2-5.8] 25 [1.4-4.3]
5 or more 85 4.4 [2.5-7.6] 35 [1.8-6.7]
Gender 0.13
Men 3.9 Ref 0.053 Ref
Women 5.0 1.3 [1.0-1.7] 1.2 [0.9-1.6]
Age (years)
15-20 3.6 0.5 [0.3-0.8] <0.001 0.5 [0.3-1.0] 0.002
21-29 5.7 0.8 [0.5-1.2] 0.7 [0.5-1.1]
30-49 6.9 Ref ref
50-64 4.5 0.6 [0.5-0.9] 0.9 [0.6-1.2]
> 64 13 0.2 [0.1-0.3] 0.3 [0.2-0.6]
Tobacco use
Daily smoker 2.8 Ref 0.031 Ref 0.015
Occasional smoker 5.1 1.8 [1.0-3.5] 2.0 [1.0-4.0]
Ex-smoker 4.5 1.6 [1.0-2.6] 1.9 [1.2-3.1]
Non-smoker 5.1 1.8 [1.2-2.8] 2.0 [1.3-3.0]
Immigration status
French native 4.1 Ref <0.001 Ref 0.55
1st gen immigrant from Europe* 4.8 1.2 [0.6-2.3] 1.4 [0.7-29]
st gen immigrant from outside Europe* 9.4 24 [1.5-4.0] 1.6 [0.9-2.8]
2nd gen immigrant from Europe® 36 0.9 [0.5-1.5] 1.0 [0.6-1.6]
2nd gen immigrant from outside Europe® 6.2 1.5 [0.9-2.6] 1.1 [0.6-2.0]
Occupational status
Healthcare profession® 11.4 2.1 [1.4-3.2] <0.001 2.2 [1.4-33] 0.002
Other essential profession7 5.2 0.9 [06-1.3] 1.0 [0.7-1.5]
Non-essential profession 5.7 Ref Ref
No occupation 3.0 0.5 [0.4-0.7] 0.9 [0.6-1.3]
Highest diploma attained
<High school 2.8 0.5 [0.3-0.7] <0.001 0.7 [0.5-0.9] 0.034
> High school and < Bachelor’s degree 5.8 Ref Ref
> Bachelor’s degree 6.2 1.1 [0.8-1.4] 0.8 [0.6-1.1]
Family income per capita (deciles)
DO1 (lowest) 5.7 2.0 [1.0-3.9] 0.008 1.6 [0.8-3.2] 0.004
D02-D03 4.8 1.7 [1.1-2.6] 1.7 [1.1-26]
D04-D05 3.3 1.1 [0.7-1.7] 1.1 [0.7-1.7]
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Table 3 (continued)
Univariate analysis® Multivatiate analysis®
% ORcr 95% Cl P OR adj 95% Cl P
D06-D07 2.9 Ref Ref
D08-D09 5.5 1.9 [1.4-2.7] 1.8 [1.3-26]
D10 (highest) 6.0 2.1 [1.5-3.1] 1.9 [1.3-3.0]

Bold is used to underline % and OR

" Home sampling for finger prick/Euroimmun ELISA-S test

2 people aged 15 or over, living in mainland France, but not in residential care homes for the elderly or prisons

3The sampling design is taken into account for the estimation of prevalence, crude and adjusted odds ratios, confidence intervals and tests, with the SAS procsurvey
procedure. The percentages are weighted by sampling weight (the inverse of e inclusion probability), corrected for non-response probability and calibrated on the

margin of the census. The prevalences are not equal to n/N

4 First-generation immigrants: born non-French outside France and living permanently in France (including those who subsequently acquired French nationality)

% Second-generation immigrants: born and living in France, with at least one parent a first-generation immigrant

% Including medical and paramedical professionals, Firefighters, Pharmacists and ambulance drivers (but not including hospital cleaners, for example)

7 Home helps or housekeepers, food shop workers, delivery drivers, public transportation drivers, cab drivers, bank customer service or reception staff, petrol station
employees, police officers, postal workers, cleaning staff, security guards, construction workers, truck drivers, farmers and social workers

Discussion

Epicov, designed in March 2020, just before the first
national lockdown in France, aimed to estimate the pro-
portion of the population aged 15 years or over exposed
to SARS-Cov2, and to identify the subpopulations most
exposed during the first epidemic wave. Overall sero-
prevalence was 4.5% [3.9-5.0], according to the cut-offs
recommended by the manufacturer for the Euroimmun
ELISA-S test that was applied on home self-sampled
dried blood spots.

Only two other national serological studies based on
random general population samples were performed
at the same period, in Spain [7] and England [8]. They
reported a prevalence of seropositivity for IgG antibod-
ies of a similar magnitude to that in France, with a similar
range of geographic disparities.

EpiCov was designed to study the effects of contextual
living conditions. It showed that these conditions played
a major role in the initial spread of the virus, accounting
for a large proportion of exposure heterogeneity. Popu-
lation density at the place of residence and household
size were strongly associated with ELISA-S seropositiv-
ity, independently of individual socio-demographic and
occupational characteristics. The availability of masks
and tests was extremely limited until May 2020. People
living in the most populous areas had little opportunity
for physical distancing in current life activities outside
home, particularly before lockdown.

Adjustment for both residential population density and
household size accounted for much of the higher sero-
prevalence in immigrants outside Europe, which was
twice that of the native population, whereas seropreva-
lence was similar in immigrants from European countries

and the native population. These findings highlight the
role of the spatial segregation of populations originating
from low-and middle-income countries [9, 10]. Higher
levels of exposure may account for part of the higher bur-
den of COVID-19 mortality in these populations [4].

Poor socio-economic status was associated with severe
COVID-19 infection [11, 12]. We found a more complex
pattern for relationships with seroprevalence, which was
highest in the two highest and lowest deciles of family
income per capita, and lowest in the individuals with the
lowest level of education. This probably reflects the com-
bination of both high exposure to COVID-19 in qualified
individuals working in care professions or having multi-
ple social activities before lockdown, and high exposure
of more deprived people living in overcrowded housing
in densely populated areas, with less opportunity to tele-
work during lockdown [13]. Seroprevalence in healthcare
professionals was twice that in individuals with other
occupations. Healthcare workers were highly exposed
to the infection during the first wave, given the shortage
of surgical masks and their proximity with patients [7, 8,
14].

Seroprevalence did not differ significantly between
women and men, after adjustment for contextual and
individual characteristics, including professional activity,
consistent with most studies conducted in France [15, 16]
and elsewhere [2, 7, 8]. Men seem to be more suscepti-
ble to develop severe forms of the infection than women
[17], but there is no evidence of any difference in the
probability of being infected [18].

Seroprevalence was highest at intermediate ages. Most
population-based serological studies have reported
a lower seroprevalence in the elderly [7, 8, 14]. Older
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Table 4 Logistic models for studying the relationship between immigration status and seroprevalence, adjusted for contextual and
individual factors, in people living in France? the national EpiCov cohort, round 1—May 2020

Immigration status Relation with serological status adjustement Relation with serological statuts adjusted for: individual
for: contextual factors factors
OR? 95%CI®  P-value®*  OR? 95%CIP  P-value?
Univariate Adjusted for diploma <0.001
French native Ref <0.001 Ref <0.001
1st gen immigrant from Europe® 1.2 [0.6-2.3] 1.3 [0.8-1.5]
1st gen immigrant from outside Europe® 24 [1.5-4.0] 2.7 [1.7-44]
2nd gen immigrant from Europe® 0.9 [0.5-1.5] 1.0 [0.6-1.6]
2nd gen immigrant from outside Furope® 1.5 [0.9-2.6] 1.6 [0.9-2.6]
Adjusted for density <0.001 Adjusted for profession <0.001
French native Ref 0.078 Ref 0.002
1st gen immigrant from Europe 1.1 [0.6-2.1] 1.3 [0.6-2.5]
1st gen immigrant from outside Europe 2.0 [1.2-3.2] 25 [1.6-4.1]
2nd gen immigrant from Europe 0.9 [0.5-1.4] 0.9 [0.6-1.6]
2nd gen immigrant from outside Europe 1.3 [0.8-2.2] 1.6 [1.0-27]
Adjusted for household size <0.001 Adjusted for income decile <0.001
French native Ref 0.078 Ref 0.042
1st gen immigrant from Europe 1.3 [0.7-2.5] 14 [0.7-2.7]
1st gen immigrant from outside Europe 2.0 [1.2-3.2] 2.6 [1.5-4.5]
2nd gen immigrant from Europe 0.9 [0.5-1.5] 0.9 [0.5-1.5]
2nd gen immigrant from outside Europe 1.2 [0.7-2.1] 1.7 [1.0-2.8]
Adjusted for minor in the household <0.001 Adjusted for gender 0.052
French native Ref 0.034 Ref 0.037
1st gen immigrant from Europe 1.3 [0.7-2.5] 1.2 [0.6-2.3]
1st gen immigrant from outside Europe 2.1 [1.3-3.5] 24 [1.5-3.9]
2nd gen immigrant from Europe 0.9 [0.5-1.5] 0.9 [0.5-1.5]
2nd gen immigrant from outside Europe 1.3 [0.8-2.2] 1.5 [0.9-2.6]
Adjusted for overcrowded housing <0.001 Adjusted for age <0.001
French native Ref 0.14 Ref 0.024
1st gen immigrant from Europe 1.2 [0.6-2.3] 1.4 [0.7-2.7]
1st gen immigrant from outside Europe 1.9 [1.1-33] 2.2 [1.3-35]
2nd gen immigrant from Europe 0.9 [0.5-1.5] 1.0 [0.6-1.6]
2nd gen immigrant from outside Europe 1.3 [0.8-23] 13 [0.8-22]
Adjusted for deprived neighbourhood 0.21 Adjusted for tobacco use 0.024
French native Ref 0.064 Ref 0.002
1st gen immigrant from Europe 1.2 [0.6-2.3] 1.2 [0.6-2.3]
1st gen immigrant from outside Europe 2.2 [1.2-3.7] 24 [1.5-3.9]
2nd gen immigrant from Europe 0.9 [0.5-1.5] 0.9 [0.5-1.5]
2nd gen immigrant from outside Europe 1.5 [0.9-2.4] 1.6 [0.9-2.6]
Adjusted for density + household size Adjusted for all individual factors
French native Ref 0.49 Ref 0.0102
1st gen immigrant from Europe 1.2 [0.6-2.3] 1.6 [0.8-3.2]
1st gen immigrant from outside Europe 1.5 [0.9-2.5] 24 [1.4-4.0]
2nd gen immigrant from Europe 0.9 [0.5-1.4] 1.0 [0.6-1.7]
2nd gen immigrant from outside Europe 1.0 [0.6-1.7] 1.5 [0.9-2.5]

Bold is used to underline % and OR
" Home sampling for finger prick/Euroimmun ELISA-S test
2 people aged 15 or over, living in mainland France, but not in residential care homes for the elderly or prisons

3The sampling design is taken into account for the estimation of prevalence, crude and adjusted odds ratios, confidence intervals and tests, with the SAS procsurvey
procedure. The percentages are weighted by sampling weight (the inverse of e inclusion probability), corrected for non-response probability and calibrated on

the margin of the census. The prevalences are not equal to n/N. In each bivariate models, P-values are systematically given for the immigration status and for the
corresponding contextual or individual adjustement variable

4 First-generation immigrants: born non-French outside France and living permanently in France (including those who subsequently acquired French nationality)

5 Second-generation immigrants: born and living in France, with at least one parent a first-generation immigrant
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people, at least those not living in care homes, are likely
to have had fewer social interactions since being told to
stay at home at the start of the outbreak. Lower rates
in adolescents and young adults than in mid-age range
adults have been reported in some studies [7, 19] includ-
ing ours, but not in others [8, 20], and may be partly
explained by school closures at the start of lockdown in
France. Seropositivity was strongly associated with pos-
sible cases of infection in the same household, regardless
of local population density, household size and compo-
sition. This finding is consistent with the higher risk of
secondary infections among people living with others [7,
8, 21]. After adjustment for household size, seropositiv-
ity was not associated with living with a child or an ado-
lescent under the age of 18 years. Similar results were
reported in the English national seroprevalence study
[8]. This finding is also consistent with smaller studies
showing that the mean household secondary attack rate
from adults is not significantly different from that from
children, as reported in a meta-analysis [21]. By contrast,
a study conducted during the same period in population
cohorts in three regions of France with similar home
self-sampling reported a higher seroprevalence for indi-
viduals living in households containing a young below
18 years [20]. It remains unclear whether children play
a major role in intra-household transmission, which is a
crucial issue, because the benefits of school closure for
preventing disease spread have to be weighed up against
potential psychological effects and increases in educa-
tional inequalities.

We found a strong inverse association between the
presence of SARS-Cov-2 antibodies and smoking at the
time of the EpiCov study, as in other studies [8, 20]. The
possibility of biological mechanisms preventing infection
in some smokers must be counterbalanced by evidence
for higher rates of severe forms of COVID-19 in infected
smokers [22].

Strengths

The Epicov cohort is one of the largest national repre-
sentative population-based surveys of seroprevalence
in individuals aged 15 years and over, performed during
an extremely challenging period, before summer 2020.
It identified the population most affected by the initial
spread of the new virus in the population, providing a
basis for evaluating subsequent changes in epidemio-
logical context and access to preventive strategies. People
living below the poverty line were voluntarily over-rep-
resented in the sampling, and detailed socio-economic
and migration data were available. We were therefore
able to perform a powerful analysis focusing on social
inequalities.
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The home self-sampling with DBS detection of SARS
CoV-2 antibodies limited self-selection bias, and was
ideally suited to the context of the first lockdown. The
acceptance of home sample was 88% and the return rate
was 83%, higher than the 85% and 70% assumed for the
calculation of sample size.

Non-response is a known crucial issue affecting the rep-
resentativeness of population-based studies. In the EpiCov
Study, a high coverage of the sampling frame, together
with mixed-mode (web/telephone) data collection resulted
in high quality in terms of representativeness [23]. Many
auxiliary demographic and socio-economic variables were
available from the sampling frame, which made it possible
to correct a large part of the non-response bias. Moreo-
ver, the multimodal approach of the EpiCov provided an
exceptional opportunity to correct for endogenous self-
selection bias, as detailed elsewhere [5]. This bias due to
the people most concerned more likely than others to par-
ticipate in the study, occurs in studies dealing with topics
with considerable media coverage.

Limitations

People living in residences for the elderly were not cov-
ered by EpiCov. We cannot exclude we also missed non-
dependent elderly individuals, due to hospitalization at
the time of the survey, potentially contributing to the
lower seroprevalence observed among the elderly.

The Euroimmun ELISA-S test has a sensitivity of 94.4%,
according to the manufacturer’s cutoff. It has been evalu-
ated in various studies, which reported a specificity rang-
ing from 96.2 to 100% and sensitivity ranging from 86.4
to 100% [24-26]. Anti-Sars-Cov2 IgG antibody levels
have been reported to decline rapidly, particularly in the
elderly and in subjects with mild or asymptomatic forms
[1, 27, 28]. ELISA-S IgG antibody levels may therefore
have been under the manufacturer’s cut-off for some of
those previously infected, With a lower threshold (0.7),
seroprevalence reached 7.1% [6.4—7.8] corresponding to
3.74 million people (3.36—4.13), close to the national pro-
jections based on surveillance data [29].

EpiCov is the only national representative study to date
to have reported an estimated prevalence of neutralising
antibodies, at 4.1% [3.6—4.7]. Neutralising antibodies with
a titre > 40 were detected in only 70% of people ELISA-S-
positive for IgG antibodies, and were also detected in 30%
of participants with lower ELISA-S ratios. Several studies
have reported an inverse relationship between neutralis-
ing antibody development and disease severity, but the
cause-effect relationship remains unclear [30]. Neutralis-
ing antibodies may be more associated with protection
against future infection, increasing survival and protec-
tion against re-infection with SARS-CoV-2 strains [31].
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Conclusion

The Epicov cohort is one of the largest national repre-
sentative population-based seroprevalence surveys of
individuals aged 15 years and over. It revealed a major
role for contextual living conditions in the initial spread
of COVID-19 in France, during a period of very lim-
ited access to prevention strategies before lockdown. It
provides an exceptional tool for evaluating subsequent
changes in exposure risk and, particularly, for identifying
the most vulnerable populations, with changes in the epi-
demiological context and increases in access to testing,
masks, and vaccines.

Abbreviations

CATI: Computer-assisted-telephone interviews; CAWI: Self-computer-assisted-
web; Covid-19: Coronavirus 2019; DBS: Dried-blood spots; ELISA: Enzyme-
Linked Immunosorbent Assay; ELISA S+: Positive Elisa test (ELISA-S ratio > 1.1);
FIDELI: Fichiers Démographiques sur les Logements et les Individus; IgG:
Immunoglobulin G; PCR test: Polymerase chain reaction; RT-PCR: Real-time
reverse transcriptase-polymerase chain reaction; SN+: Positive seroneutraliza-
tion test (virus neutralization titer > 40); SARS-Cov2: Severe Acute Respiratory
Syndrome Coronavirus 2; TCID50: Median Tissue Culture Infectious Dose; VNT:
Virus neutralization titer.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512879-021-06973-0.

Additional file 1: Table S1. Geographic prevalence of antibodies against
SARS-CoV-2" in people living in France? at the end of the first lockdown:
the national EpiCov cohort, round 1—May 2020. Table S2. Relationship
between population density and household composition and seropreva-
lence ELISA-S+ (ratio > 1.1"), in people living in France? at the end of the
first lockdown: national EpiCov cohort, round 1—May 2020. Table S3.
SARS-Cov2 prevalence of neutralizing antibodies (SN >40') according
living conditions, and individual socio-economic factors in people living
in France”: the national EpiCov cohort, round 1—May 2020. Table S4.
Factors associated with detection of neutralizing antibodies (SN+ > 40
IU") in people living in France? at the end of the first lockdown: the
national EpiCov cohort, round 1—May 2020. Table S5a. Distribution of
Elisa-S ratio and virus neutralization titer (VNT) among people with Elisa-S
ratio> 1.1'—the national EpiCov cohort?, round 1—May 2020. Table S5b.
Distribution of Elisa-S ratio and virus neutralization titer (VNT) among
people with Elisa-S ratio > 0.7'—the national EpiCov cohort?, round 1—
May 2020.

Acknowledgements

We sincerely thank all the participants in the EpiCoV study. We warmly thank
the INSERM staff, including, in particular, Karim Ammour, Jean-Marc Boivent,
Sophie Circosta, Jean-Marie Gagliolo, Michael Hisbergues, Frédérique Le
Saulnier, and Frédéric Robergeau, who worked with considerable dedication
and commitment to make it possible to develop, in record time, and to main-
tain all regulatory, budgetary, technical, and logistical aspects of the EpiCov
study. We warmly thank the staff of Santé Publique France, and especially
Lucie Duchesne, who played a major role in organization and quality assur-
ance for the seroprevalence component of the EpiCov study. We thank the
CRB biobank staff (Centre Hospitalier Universitaire Robert Pellegrin, Bordeaux,
France, BRIF BB-0033-00094), particularly the head of this structure, Dr Isabelle
Pellegrin, and Julien Jeanpetit, for the quality of DBS sample management,
through a procedure that had to be implemented very rapidly for the first
round of the EpiCov study. We also thank the staff of the UVE virology depart-
ment, particularly Toscane Fourié, for the high-quality management of such

a large number of serological assays. We thank the staff of DREES and INSEE,

Page 12 of 13

for their collaboration in the implementation of the study, methodological
input, sample selection, and the complex development of weights to correct
for non-response, and especially Vianney Costemalle for his comments to this
paper. We thank the Ipsos staff, including Christophe David and Valérie Blineau
in particular, for their major contribution to the quality of data collection.

The EPICOV study group—Josiane Warszawski', Nathalie Bajos® (joint principal
investigators), Muriel Barlet’, Frangois Beck®, Emilie Counil'®, Florence Jusot'",
Aude Leduc’, Nathalie Lydié*, Claude Martin'?, Laurence Meyer', Philippe
Raynaud’, Alexandra Rouquette’, Ariane Pailhé'®, Nicolas Paliod®, Delphine
Rahib?, Patrick Sillard® Alexis Spire'>—'INSERM CESP U1018, Université Paris-
Saclay, AP-HP Epidemiology and Public Health Service, Service, Hopitaux
Universitaires Paris-Saclay, Le Kremlin-Bicétre, France; 2AP-HP Epidemiology
and Public Health Service, Hopitaux Universitaires Paris-Saclay, France; *Unité
des Virus Emergents, UVE, Aix Marseille Univ, IHU Méditerranée Infection,
France; “Santé Publique France, Saint-Maurice France; °Inserm, CNRS, Team of
Environmental Epidemiology applied to Reproduction and Respiratory Health,
Institute for Advanced Biosciences, University Grenoble Alpes, Grenoble,
France; ®Institut thématique de Santé Publique, INSERM, France; ’DREES—
Direction de la Recherche, des Etudes, de I‘évaluation et des statistiques,

Paris, France; ®Institut National de la statistique et des études économiques,
Montrouge, France; °IRIS, INSERM, EHESS, CNRS Aubervilliers, France; "°INED,
France; ''Université Paris Dauphine, France; ’CNRS, France.

Authors’ contributions

JW and NB were responsible for the conception and design of the research
study. PS and FB were responsible of the sampling design from the Fideli
frame, and modeling non-response weights. XdL was responsible of the
choice, realization and interpretation of serological tests. DR and NL were
responsible for the whole coordination process concerning serological data
acquisition from home self-sampling kit, including conceiving and sending
kits to participants, DBS return to biobank and transfer of eluate from biobank
to the laboratories of virology for analysis. PR contributed to the elaboration
of the questionnaire and data collection. SD coordinated the operational
protocol. RS and ALB were responsible of the statistical analysis of this paper.
JW, ALB, LM, RS, NB and RS wrote the first draft of this paper. The remaining
authors of the EpiCov study group contributed to elaboration of the question-
naire, sampling and data acquisition, quality control, and logistics. All these
authors reviewed this paper, contributed to data interpretation. All authors
read and approved the final manuscript.

Funding

This research was supported by research grants from Inserm (Institut National
de la Santé et de la Recherche Médicale) and the French Ministry for Research,
by Drees-Direction de la Recherche, des Etudes, de I'Evaluation et des Statis-
tiques, and the French Ministry for Health, and by the Région Ile de France. Dr.
Bajos has received funding from the European Research Council (ERC) under
the European Union’s Horizon 2020 research and innovation program (Grant
Agreement No. [856478]).

Availability of data and materials

The first round EpiCov dataset is available for research purpose on CASD
(https://www.casd.eu/), after submission to approval of French Ethics and
Regulatory Committee procedure (Comité du Secret Statistique, CESREES and
CNIL).

Declarations

Ethics approval and consent to participate

This study was performed in accordance with the relevant guidelines and
regulations. The survey was approved by the CNIL (the French data protection
authority) (Ref: MLD/MFI/AR205138) and the ethics committee (Comité de
Protection des Personnes Sud Meediterranee Ill 2020-A01191-38) on April
2020. The survey was also approved by the “Comité du Label de la Statistique
Publique”. All participants or their legally authorized representatives had pro-
vided informed consent to participation in this study. The serological results
were sent to the participants by post with information about interpreting
individual test results.

Consent for publication
Not applicable.


https://doi.org/10.1186/s12879-021-06973-0
https://doi.org/10.1186/s12879-021-06973-0
https://www.casd.eu/

Warszawski et al. BMC Infectious Diseases (2022) 22:41

Competing interests
The authors declare that they have no competing interests.

Author details

INSERM CESP U1018, Université Paris-Saclay, AP-HP Epidemiology and Public
Health Service, Service, Hopitaux Universitaires Paris-Saclay, 82 rue du Général
Leclerc, 94276 Le Kremlin-Bicétre, France. 2AP-HP Epidemiology and Public
Health Service, Hopitaux Universitaires Paris-Saclay, Le Kremlin-Bicétre, France.
3Unité des Virus Emergents, UVE, Aix Marseille Univ, INSERM 1207, IRD 190,
Marseille, France. “Santé Publique France, Saint-Maurice, France. *Inserm,
CNRS, Team of Environmental Epidemiology applied to Reproduction and Res-
piratory Health, Institute for Advanced Biosciences, University Grenoble Alpes,
Grenoble, France. ®Institut thématique de Santé Publique, INSERM, Paris,
France.’DREES - Direction de la Recherche, des Etudes, de évaluation et des
statistiques, Paris, France. ®Institut National de la statistique et des études
économiques, Montrouge, France. °IRIS, INSERM, EHESS, CNRS, Aubervilliers,
France.

Received: 6 May 2021 Accepted: 7 December 2021
Published online: 09 January 2022

References

1. Long Q-X, Tang X-J, Shi Q-L, Li Q, Deng H-J, Yuan J, et al. Clinical and
immunological assessment of asymptomatic SARS-CoV-2 infections. Nat
Med. 2020;26(8):1200-4.

2. Lai C-C,Wang J-H, Hsueh P-R. Population-based seroprevalence surveys
of anti-SARS-CoV-2 antibody: an up-to-date review. Int J Infect Dis.
2020;101:314-22.

3. Wang Z Tang K. Combating COVID-19: health equity matters. Nat Med.
2020,26(4):458-458.

4. Williamson EJ, Walker AJ, Bhaskaran K, Bacon S, Bates C, Morton CE, et al.
Factors associated with COVID-19-related death using OpenSAFELY.
Nature. 2020;584(7821):430-6.

5. Warszawski J, Bajos N, Barlet M, de Lamballerie X, Rahib D, Lydié N, et al. A
national mixed-mode seroprevalence random population-based cohort
on SARS-CoV-2 epidemic in France: the socio-epidemiological EpiCov
study. medRxiv. 2021. https://doi.org/10.1101/2021.02.24.21252316.

6. Gallian P, Pastorino B, Morel P, Chiaroni J, Ninove L, de Lamballerie X.
Lower prevalence of antibodies neutralizing SARS-CoV-2 in group O
French blood donors. Antivir Res. 2020;181:104880.

7. Polldn M, Pérez-Gomez B, Pastor-Barriuso R, Oteo J, Hernan MA, Pérez-
Olmeda M, et al. Prevalence of SARS-CoV-2 in Spain (ENE-COVID): a
nationwide, population-based seroepidemiological study. Lancet.
2020;396(10250):535-44.

8. Ward H, Atchison C, Whitaker M, Ainslie KEC, Elliott J, Okell L, et al. SARS-
CoV-2 antibody prevalence in England following the first peak of the
pandemic. Nat Commun. 2021;12(1):905.

9. Nazroo J, Becares L. Evidence for ethnic inequalities in mortality related to
COVID-19 infections: findings from an ecological analysis of England. BMJ
Open. 2020;10(12):e041750.

10. Rader B, Scarpino SV, Nande A, Hill AL, Adlam B, Reiner RC, et al. Crowding
and the shape of COVID-19 epidemics. Nat Med. 2020;26(12):1829-34.

11. Niedzwiedz CL, O'Donnell CA, Jani BD, Demou E, Ho FK, Celis-Morales
C, et al. Ethnic and socioeconomic differences in SARS-CoV-2 infection:
prospective cohort study using UK Biobank. BMC Med. 2020;18(1):160.

12. Wachtler B, Michalski N, Nowossadeck E, Diercke M, Wahrendorf M,
Santos-Hovener C, et al. Socioeconomic inequalities and COVID-19—a
review of the current international literature. 2020 Oct 9 [cited 2021 Feb
2]; Available from: https://edoc.rki.de/handle/176904/6997.

13. Bajos N, Jusot F, Pailhé A, Spire A, Martin C, Meyer L, et al. When lockdown
policies amplify social inequalities in COVID-19 infections. Evidence from
a cross-sectional population-based survey in France. medRxiv. 2020.
https://doi.org/10.1101/2020.10.07.20208595.

14. Stringhini S, Wisniak A, Piumatti G, Azman AS, Lauer SA, Baysson H,
et al. Seroprevalence of anti-SARS-CoV-2 IgG antibodies in Geneva,
Switzerland (SEROCoV-POP): a population-based study. Lancet.
2020;396(10247):313-9.

Page 13 of 13

15. Fontanet A, Tondeur L, MadecY, Grant R, Besombes C, Jolly N, et al. Clus-
ter of COVID-19 in northern France: a retrospective closed cohort study.
medRxiv. 2020. https://doi.org/10.1101/2020.04.18.20071134.

16. Capail, Ayhan N, Masse S, Canarelli J, Priet S, Simeoni M-H, et al. Sero-
prevalence of SARS-CoV-2 IgG antibodies in Corsica (France), April and
June 2020. J Clin Med. 2020. https://doi.org/10.3390/jcm9113569.

17. Docherty AB, Harrison EM, Green CA, Hardwick HE, Pius R, Norman L, et al.
Features of 20 133 UK patients in hospital with covid-19 using the ISARIC
WHO Clinical Characterisation Protocol: prospective observational cohort
study. BMJ. 2020. https://doi.org/10.1136/bmj.m1985.

18. Gebhard C, Regitz-Zagrosek V, Neuhauser HK, Morgan R, Klein SL. Impact
of sex and gender on COVID-19 outcomes in Europe. Biol Sex Differ.
2020;11(1):29.

19. Pagani G, Conti F, Giacomelli A, Bernacchia D, Rondanin R, Prina A, et al.
Seroprevalence of SARS-CoV-2 significantly varies with age: preliminary
results from a mass population screening. J Infect. 2020,81(6):e10-2.

20. Carrat F, de Lamballerie X, Rahib D, Blanché H, Lapidus N, Artaud F, et al.
Seroprevalence of SARS-CoV-2 among adults in three regions of France
following the lockdown and associated risk factors: a multicohort study.
medRxiv. 2020. https://doi.org/10.1101/2020.09.16.20195693.

21. Madewell ZJ, Yang Y, Longini IM, Halloran ME, Dean NE. Household
transmission of SARS-CoV-2: a systematic review and meta-analysis. JAMA
Netw Open. 2020;3(12):e2031756.

22. Patanavanich R, Glantz SA. Smoking is associated with COVID-19 progres-
sion: a meta-analysis. Nicotine Tob Res. 2020;22(9):1653-6.

23. Cornesse C, Bosnjak M. Is there an association between survey charac-
teristics and representativeness? A meta-analysis. Surv Res Methods.
2018;12:1-13.

24. Beavis KG, Matushek SM, Abeleda APF, Bethel C, Hunt C, Gillen S, et al.
Evaluation of the EUROIMMUN Anti-SARS-CoV-2 ELISA Assay for detec-
tion of IgA and IgG antibodies. J Clin Virol. 2020;129:104468.

25. Kruttgen A, Cornelissen CG, Dreher M, Hornef M, Imoéhl M, Kleines M.
Comparison of four new commercial serologic assays for determination
of SARS-CoV-2 IgG. J Clin Virol. 2020;128:104394.

26. Kohmer N, Westhaus S, Rihl C, Ciesek S, Rabenau HF. Clinical per-
formance of different SARS-CoV-2 IgG antibody tests. J Med Virol.
2020;92(10):2243-7.

27. Ibarrondo FJ, Fulcher JA, Goodman-Meza D, Elliott J, Hofmann C, Hausner
MA, et al. Rapid decay of anti-SARS-CoV-2 antibodies in persons with mild
Covid-19. N Engl J Med. 2020;383(11):1085-7.

28. Ward H, Cooke G, Atchison C, Whitaker M, Elliott J, Moshe M, et al. Declin-
ing prevalence of antibody positivity to SARS-CoV-2: a community study
of 365,000 adults [Internet]. Infectious Diseases (except HIV/AIDS); 2020
Oct [cited 2021 Feb 2]. Available from: http://medrxiv.org/lookup/doi/10.
1101/2020.10.26.20219725.

29. Salje H, Tran Kiem C, Lefrancg N, Courtejoie N, Bosetti P, Paireau J, et al.
Estimating the burden of SARS-CoV-2 in France. Science. 2020. https://
doi.org/10.1126/science.abc3517.

30. Garcia-Beltran WF, Lam EC, Astudillo MG, Yang D, Miller TE, Feldman J,
et al. COVID-19-neutralizing antibodies predict disease severity and
survival. Cell. 2021;184(2):476-488.e11.

31. Kim Y-I, Kim S-M, Park S-J, Kim E-H, Yu K-M, Chang J-H, et al. Critical role
of neutralizing antibody for SARS-CoV-2 reinfection and transmission.
Emerg Microbes Infect. 2021;10(1):152-60.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1101/2021.02.24.21252316
https://edoc.rki.de/handle/176904/6997
https://doi.org/10.1101/2020.10.07.20208595
https://doi.org/10.1101/2020.04.18.20071134
https://doi.org/10.3390/jcm9113569
https://doi.org/10.1136/bmj.m1985
https://doi.org/10.1101/2020.09.16.20195693
http://medrxiv.org/lookup/doi/10.1101/2020.10.26.20219725
http://medrxiv.org/lookup/doi/10.1101/2020.10.26.20219725
https://doi.org/10.1126/science.abc3517
https://doi.org/10.1126/science.abc3517

	Prevalence of SARS-Cov-2 antibodies and living conditions: the French national random population-based EPICOV cohort
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Study design
	Multimodal data collection
	Home blood self-sampling and serological testing
	Outcome
	Exposure
	Ethics and reglementary issues
	Statistical analysis
	Non-response adjustment weights


	Results
	National and territorial seroprevalence (Table 1, Fig. 2, Additional file 1: Table S1)
	Relationships between contextual living conditions and ELISA-S+ seropositivity (Tables 2 and 3)
	Relationships between individual characteristics and ELISA-S+ seropositivity (Tables 2, 3, 4)
	Sensitivity analyses

	Discussion
	Strengths
	Limitations

	Conclusion
	Acknowledgements
	References


