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Abstract

Background The interplay between age and symptoms intensity on antibody response to SARS-CoV-2 infection has not
been studied in a general population setting.

Methods We explored the serologic profile of anti-SARS-CoV-2 antibodies after the first wave of the pandemic, by assess-
ing IgG against the spike protein (ELISA-S), IgG against the nucleocapsid protein (ELISA-NP) and neutralizing antibodies
(SN) in 82,126 adults from a French population-based multi-cohort study.

Results ELISA-S positivity was increased in 30- to 49-year-old adults (8.5%) compared to other age groups (5.6% in 20- to
29-year-olds, 2.8% in > 50-year-olds). In the 3681 ELISA-S positive participants, ELISA-NP and SN positivity exhibited
a U-shaped relationship with age, with a lower rate in 30- to 49-year-old adults, and was strongly associated with COVID-
19-like symptoms.

Conclusion Our study confirms the independent role of age and symptoms on the serologic profile of anti-SARS-CoV-2

antibodies, but the non-linear relationship with age deserves further investigation.
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Introduction

Since the emergence of SARS-CoV-2 in China in Decem-
ber 2019 and its spread worldwide, numerous studies have
focused on determining the antibody status of the popula-
tion at different times during the course of the pandemic.

The members of The SAPRIS-SERO study group are listed in
acknowledgements.
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Consistent associations between seropositivity and young
age, low socio-economic factors and high population den-
sity have been reported [1]. However, very few studies have
simultaneously explored the response profiles to different
anti-SARS-CoV-2 antibodies in the general population using
different serological methods, to determine the relationship
between these profiles and individual characteristics or
symptoms.
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In France, SARS-CoV-2-positive RT-PCR tests were first
reported on January 24, 2020 and an estimated 4-5% of the
adult population in metropolitan France had developed anti-
bodies against SARS-CoV-2 by May 2020 at the end of the
first wave of the pandemic [2]. Our objective was to charac-
terize the serological profile to different anti-SARS-CoV-2
antibodies in the general population in France after the first
wave of the pandemic, to assess its dynamic over time as
well as its association with the participants’ characteristics
and their past symptoms.

Methods

We used data from the SAPRIS (“SAnté, Perception, pra-
tiques, Relations et Inégalités Sociales en population géné-
rale pendant la crise COVID-19")—SERO survey in France.
The study has been described elsewhere [2]. It is based on
a consortium of prospective cohort studies in the general
population including 279,478 adult volunteers with regu-
lar access to electronic (internet) questionnaires. Two self-
administered questionnaires covering the lockdown and the
post-lockdown periods were sent as of April 1, 2020 and
returned before May 27, 2020. The questionnaires included
socio-demographics, household size and composition, his-
tory of COVID-19 diagnosis and SARS-CoV-2 RT-PCR test-
ing, a detailed description of the participant’s symptoms in
the previous weeks, and an invitation to perform a serology
by self-sampling dried-blood spot (DBS). Participants living
in mainland France who completed the questionnaires and
who agreed to the serology received a DBS kit to be returned
to the centralized biobank after capillary blood collection
(CEPH Biobank, Paris, France). Two groups of kits were
sent out: the first was a random sample of participants in 3 of
the 12 mainland French regions, the second was extended to
include all regions of France and all consenting participants.
The Elisa test (Euroimmun®, Liibeck, Germany) was used to
detect anti-SARS-CoV-2 antibodies (IgG) directed against
the S1 domain of the spike protein of the virus (ELISA-
S). In accordance with the manufacturer’s instructions, a
test was considered to be ELISA-S-positive with an opti-
cal density ratio > 1.1, ELISA-S indeterminate between 0.8
and 1.1, and ELISA-S-negative, < 0.8. All samples with an
ELISA-S test>0.7 were also tested with an ELISA test to
detect IgG antibodies against the SARS-CoV-2 nucleocapsid
protein (Euroimmun®, Liibeck, Germany, ELISA-NP) using
the same thresholds as above and with an in-house micro-
neutralization assay to detect neutralizing anti-SARS-CoV-2
antibodies (SN), as described elsewhere with a positive SN
defined as a titer > 40 [3]. The sensitivity and specificity
of the ELISA-S test at the 1.1 threshold (considering inde-
terminate results as negative) were reported to be 87% and
97.5%, respectively [4]. Positive/negative concordance of
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the ELISA-S between DBS and serum was 100%/99.3% [5].
More details on serological methods can be found in [2].

Ethical approval and written or electronic informed
consent were obtained from each participant before enroll-
ment in the original cohort. The SAPRIS-SERO study was
approved by the Sud-Mediterranée III ethics committee
(approval #20.04.22.74247) and electronic informed con-
sent was obtained from all participants for DBS testing. The
study was registered (#NCT04392388).

For the present analysis, we selected all participants aged
20 years and older who were invited to provide a serology
and returned the DBS before October 1, 2020 with interpret-
able ELISA-S serologic results.

Seropositivity was evaluated in relation to symptoms
reported in the two weeks before completion of the ques-
tionnaires and in symptoms that were reported after March
1, 2020 to limit the risk of misclassification with illnesses
caused by other seasonal respiratory pathogens. COVID-
19-like symptoms (CLS) were defined according to the
European Centre for Disease Prevention and Control as at
least one of the following: cough, fever, dyspnea, and sudden
anosmia, ageusia or dysgeusia [6]. Participants who did not
report any of these symptoms on either questionnaire, did
not have a positive COVID-19 diagnosis, or who had not
experienced cough or fever since the beginning of the year
were classified as "No symptoms reported”. Other collected
symptoms included headaches, rhinorrhea, fatigue, stiffness,
myalgia, nausea, diarrhea, chest pain, skin lesions. We used
the 2016 French regional population census data to derive
post-stratified nationwide age- and gender-adjusted estimates
of seropositivity in mainland France, with confidence inter-
vals computed by bootstrapping.

We used logistic regression with stratification in the
source cohort to identify factors associated with a positive
ELISA-S (versus negative or indeterminate), or factors asso-
ciated with a positive ELISA-NP (versus negative or inde-
terminate) or a positive SN (versus negative) in ELISA-S
positive participants. Multivariable estimates were adjusted
for region, month sampling, age group, gender, household
size and living with at least one child.

Results

A total of 93,610 adult participants were invited to perform
the serology between May 4, 2020 and July 29, 2020, 86,913
(93%) returned a DBS before October 1, 2020, and a serol-
ogy could be performed in 82,126 (88%) participants who
were selected for this analysis.

The median age of participants was 60 years (InterQuar-
tile Range, IQR 47-71), 65% were women and the number
of available samples varied between 2800 and 15,185 in the
12 different regions of mainland France.
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Three thousand six hundred and eighty one participants
(4.5%) had a positive ELISA-S, 1323 (1.6%) an indeter-
minate ELISA-S and 77,122 (93.9%) a negative ELISA-S.
With regional post-stratification for age and gender, 5.1%
[95% Confidence Interval (95% CI) 4.9%, 5.4%] had a posi-
tive ELISA-S, 1.6% (95% CI 1.5%, 1.7%) an indeterminate
ELISA-S and 93.3% (95% CI 93.0%, 93.5%) a negative
ELISA-S.

We found a strong association between ELISA-S and age
with increased positivity in 30- to 49-year-old adults [8.5%
(95% CI 8.2%, 8.9%)] compared to younger [5.6% (95% CI
4.5%, 6.9%)] or older adults [2.8% (95% CI 2.6%, 2.9%)]
(Fig. 1A). ELISA-S positivity decreased with the sampling
months or in active or ex-smoker (compared to non-smoker),
and was higher in women than in men, when living with at
least one child, in participants with a higher level of educa-
tion and in healthcare worker (Supplementary Table 1).

A positive ELISA-NP was found in 1839 (2.3%) and a
positive SN in 1200 (1.5%) participants, and it was lower
with increasing age (Fig. 1A). In ELISA-S positive partici-
pants, 142 ELISA-NP and 304 SN results were not interpret-
able or missing, 1479 (42%) had a positive ELISA-NP and
1085 (32%) a positive SN. There was a strong association
between positivity and age, with a U-shaped pattern, and
lower proportions of positive ELISA-NP or SN in 30- to
49-year-old adults (<30%) compared to younger or older
adults (>40%, Fig. 1B, Supplementary Table 2). Positive
ELISA-NP or SN in ELISA-S positive participants was also
related to the month of sampling showing in particular a

rapid decrease of SN. It was 48% (95% CI 44%, 51%) with
ELISA-NP and 41% (95% CI 38%, 44%) with SN in May
and 29% (95% CI 23%, 35%) and 11% (95% CI 7%, 16%) in
September, respectively (Fig. 1C).

A total of 1450 ELISA-S-positive participants (39%)
reported CLS a median of 3.9 months (Q1 2.1, Q3 4.3)
before DBS, 63% were ELISA-NP positive and 49% were
SN-positive while 1234 (34%) reported other symptoms,
28% ELISA-NP-positive, 21% SN-positive and 997 (27%)
had "No symptoms reported"”, 25% ELISA-NP-positive
and 21% SN-positive (Fig. 2, P <0.001). The association
with prior symptoms was independent of age and sampling
month.

Discussion

Based on data from a large general population multi-cohort
study, ELISA-S positivity was found to be increased in
30- to 49-year-old adults compared to other age groups. In
ELISA-S-positive participants, positive ELISA-NP and SN
results decreased over time, in 30- to 49-year-old adults and
were strongly associated with COVID-19-like symptoms.
The association of SARS-CoV-2 seropositivity in
younger adults has been reported in numerous studies [1].
The decrease in seropositivity in older subjects may be
explained by fewer social contacts in this age group than
in active, younger adults as well as more stringent preven-
tive behaviors to limit exposure to the virus in those at-risk
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Fig. 1 A Proportion of participants with positive ELISA IgG against
the SARS-CoV-2 spike protein (ELISA-S—circle), with positive
ELISA IgG against the SARS-CoV-2 nucleocapsid protein (ELISA-
NP—square) and with positive neutralizing anti-SARS-CoV-2 anti-
bodies test (SN—triangle), by age—France, May—September 2020;

Age group

Months (2020)

B Proportion of positive ELISA-NP and positive SN in ELISA-S-
positive participants, by age; C Proportion of positive ELISA-NP and
positive SN in ELISA-S-positive participants, by sampling months.
Bars represent confidence intervals for proportions
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Fig.2 Scatter plot of quantitative serologic results in participants
with positive ELISA IgG against the SARS-CoV-2 spike protein
(ELISA-S) according to symptoms reported during the first wave of
the SARS-CoV-2 pandemic. Each dot represents a triple measure-
ment of ELISA-S, ELISA IgG against the SARS-CoV-2 nucleocap-

of complications. The lower rate of seropositivity in 20- to
29-year-old adults is more surprising but may be related to
decreased susceptibility, a different immune response to
infection like that in adolescents [7], or to a decreased risk of
infection due to a lower exposure to children or adolescents
(8.5%) compared to the 30- to 49-year-old group (60.9%).

Higher levels of neutralizing antibodies have been
reported in other studies after documented SARS-CoV-2
infection in middle-aged adults or the elderly [8]. Also,
the presence and severity of symptoms in infected persons
have been found to be associated with the intensity of the
neutralizing response [8, 9] or the NP response [10]. Our
results were consistent with these, showing that both age
and the experience of COVID-19 symptoms were indepen-
dently associated with the seropositive profiles. However,
the U-shaped relationship with age was not expected and
we suspect that different mechanisms might explain the high
levels of SN positivity found in 20- to 29-year-old adults
compared to those found in adults aged 50 years or older.
The decrease in the positive ELISA-S rate was modest over
time, indicating that most infected individuals with mild-
to-moderate COVID-19 had robust immunoglobulin G anti-
body responses against the viral spike protein [9]. In con-
trast, the decrease in SN titers was marked and rapid which
confirms the limited longevity of neutralizing antibodies in
certain participants [11].

Our study has several limitations. First, no correction was
performed for imperfect test accuracy and the sensitivity of
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sid protein (ELISA-NP) and neutralizing anti-SARS-CoV-2 antibod-
ies (SN) in one participant with the dot color indicating the SN titer
value. Dashed horizontal lines represent threshold limits for posi-
tive (1.1) and intermediate (0.8) results as per the manufacturer for
ELISA-NP

the ELISA-S method in relation to RT-PCR-positive infec-
tion was quite low, as reported in other studies [4, 12]. The
specificity of the ELISA-S was high, but could explain the
inverted U relationship between age and positivity to other
serological tests if the proportion of participants with a false-
positive ELISA-S was higher in the 30-49 age group com-
pared with other age groups. However, we found no argu-
ment in the literature for different sensitivity and specificity
of the ELISA-S by age. In addition, this inverted U relation-
ship persisted after adjusting on symptoms, gender, month of
sampling, exposure to children, which limits the risk of bias
in our analysis due to differential misclassification by age.
The second limitation was that only one sample was ana-
lyzed per participant, preventing interpretation of the within
participant dynamics of the serological response. However,
there were obvious trends and multivariable adjustments
were performed to control for the major confounding factors
associated with decreasing seropositivity over time.

Our study has numerous strengths. Participants were
recruited from the general population, preventing bias in the
analysis of associations with symptoms that may occur when
subjects are recruited during a medical visit or after a hospi-
talization. Although the date of infection is not known with
certainty, positive participants were almost likely infected
between February and May 2020, when no variant of interest
was circulating in France and vaccinations had not begun.

In conclusion, this large multi-cohort study in the gen-
eral population confirms that the pattern of seropositivity is
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strongly related to age and symptoms. Neutralizing antibod-
ies decrease rapidly over time but the relationship between
this decrease and increased susceptibility to re-infection
must be determined. The non-linear relationship with age
deserves further investigation.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s15010-021-01731-5.
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