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Abstract

Background We assessed the prognostic value of serological humoral markers measured one month after the last
dose of the primary COVID-19 vaccine course for predicting the risk of severe acute respiratory syndrome coronavirus
2 SARS-CoV-2 infection over the following six months in specific populations.

Methods ANRS0001SCOV-POPART is a French nationwide multicenter prospective observational cohort study
assessing the immune response to Covid-19 vaccines routinely administered to 11 subgroups of patients with chronic
disease and a control group. Participants from the ANRS0001S COV-POPART were included if they received at least
two doses of Covid-19 vaccine for the primary vaccine course, had measurements of anti-Spike, anti-receptor bind-
ing domain (RBD) IgG-specific or neutralizing antibodies one month after the end of the primary vaccine course,
without being infected by SARS-CoV-2 before the measurement. SARS-CoV-2 infections defined by a positive PCR/
antigenic test or seroconversion to detectable anti nucleocapsid antibodies were evaluated until the first COVID-19
booster injection. Cox proportional hazards models taking into account interval-censored data were implemented

to estimate the association between each antibody level and the risk of SARS-CoV-2 infection. Predictive perfor-
mances were evaluated by the area under the receiving operating characteristic curve (AUROC).

Results Two thousand five hundred seventy adults from a specific population and 1,123 from the control group
were included. The cumulative probabilities of SARS-CoV-2 infections at five months after serological measurement
were 6.0% 95% confidence interval: [5.0; 7.9] and 10.1% 95% confidence interval: [8.3; 11.9], respectively. Higher levels
of anti-Spike IgG antibody were associated with a lower risk of SARS-CoV-2 infections in the control group, but not in
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the specific populations. Among the specific populations, AUROC were 74.5%, 74.9%, and 72.4% for anti-Spike IgG,
anti-RBD IgG, and neutralizing antibodies, respectively. AUROC were superior in the specific populations, 82.0%, 81.2%,
and 81.4% for anti-Spike IgG, anti-RBD IgG, and neutralizing antibodies, respectively.

Conclusions Vaccine-induced antibody response after the primary course of Covid-19 infection only moderately
discriminated between participants developing a SARS-CoV-2 infection during the Omicron wave.

Trial registration NCT04824651 (first posted: 2021-04-01).
Keywords Specific populations, SARS-CoV-2, Vaccine, Prediction

Introduction

Since the beginning of the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) pandemic, several
vaccines have been validated and recommended [1-3].
In France, the Covid-19 vaccination campaign started
in December 2020, with BNT162b2 vaccine. In May
2021, three additional vaccines were available: mRNA -
1273, ChAdOx1-nCoV19, and Ad26.COV2.S. For some
specific populations a third dose in the primary vac-
cine course was recommended [4]. Booster injections
were recommended from October 2021 onwards [5].
COVID-19 vaccines have been shown to reduce the
risk of severe diseases, hospitalization, and death [6,
7]. Binding and neutralizing antibodies have been par-
ticularly studied as prognostic factors and potential
correlates of protection [8—11]. However, these studies
were essentially conducted in clinical trials evaluating
the ChadOx1 nCoV-19 (AZD1222) and ARNm-1273
(Moderna) vaccines in a context where the predomi-
nant circulating variant was the alpha variant (B.1.1.7)
[8, 12]. Other variants have emerged, in particular, the
Omicron (B.1.1.529) variant and sub-variants, which
are associated with a decreased vaccine efficacy [13],
higher breakthrough infections, but decreased sever-
ity [14, 15] compared to previous variants or original
strain. The current prognostic value of antibody lev-
els in vaccinated populations is still not completely
explored. In populations at risk of developing severe
forms of SARS-CoV-2 infection, i.e. immunocompro-
mised patients, Covid-19 vaccine effectiveness is lower
than in the overall population [16, 17] and the role of
the antibody response could be less important than the
cellular response [18].

We aimed to evaluate the prognostic value of
humoral serological markers levels, i.e. anti-Spike IgG,
anti-receptor binding domain (RBD) IgG, and neu-
tralizing antibodies, measured one month after the
last dose received during the primary vaccine course
for the risk of SARS-CoV-2 infection up to 6 months
after the lase dose in the ANRS0001S COV-POPART
cohort.

Methods

Study design

ANRS0001S COV-POPART cohort (NCT04824651, Reg-
istration Date: 03/25/2021) is a French nationwide mul-
ticenter prospective cohort study of specific populations
(solid cancer, solid organs transplanted, hematopoietic
stem cell transplant, chronic kidney disease and dialysis,
systemic autoimmune diseases, inflammatory rheumatic
disease, multiple sclerosis/neuromyelitis optica spectrum
disorder, hypogammaglobulinemia, diabetic, obese non-
diabetic, and persons with HIV receiving antiretroviral
treatment) and a group without the above-mentioned
chronic conditions. Participants older than 18 vyears,
without known history of SARS-CoV-2 infection at inclu-
sion were included between March 25%, 2021 to Decem-
ber 31%, 2021. The study design is further described in
previous publications [5, 19]. Primary vaccine course
choice was made according to the authorization, avail-
ability, national recommendations, and prescriber choice
[4]. Visits to collect data on patient characteristics and
samples for antibody measurements were scheduled
before the first dose injection, at the time of the first, sec-
ond, and third dose if any, and 6, 12, and 24 months after
the second dose. Supplementary visits were implemented
at the time and one month after a booster injection [19].

Study population
We included participants from the ANRS0001S COV-
POPART who received at least two doses during the
primary vaccine course (a third dose within the primary
course was defined as an injection in a three-month win-
dow after the second dose), had at least one antibody
value among anti-Spike IgG, anti-RBD IgG, or neutral-
izing antibodies one month after the last dose received
during the primary vaccine course, and without SARS-
CoV-2 infection before the antibody level measurement
(i.e. participants with positive anti-NCP antibodies or
positive positive antigenic test or RT-PCR at baseline were
not eligible).

All analyses were implemented separately between par-
ticipants from specific populations and the control group
given the heterogeneity in antibody responses and the
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usually lower antibody response in specific populations
compared to the overall population [16, 17].

Antibody measurements
Antibody levels were measured one month (between 21
days and 56 days) after the last dose received during the
primary vaccine course. The samples analyzed as part
of the study were managed and stored within the « Bio-
theque ANRS ». All serological analyses were carried out
centrally at the “Unité des virus émergents” Aix-Marseille
Université, Institut de Recherche pour le Développe-
ment 190, Inserm 1207, Institut Hospitalo-Universitaire
Meéditerranée Infection, Marseille, France. Antibody
assays used are described in the supplementary material
(Supplementary materials antibodies measurement). For
undetectable antibodies, half of the detection cut-off was
imputed (15 BAU/mL and 10 IU/mL for anti-Spike IgG,
and 10 Titers neutralizing antibodies, respectively).

We estimated the geometric means of the anti-Spike
IgG, anti-RBD IgG, and neutralizing antibody titers
measured one month after the last injection.

SARS-CoV-2 infection

SARS-CoV-2 infection was defined by a positive antigenic
test or RT-PCR, positive anti-NCP antibodies, or an
increase in anti-Spike IgG antibody levels in the absence
of a booster injection or the prescription of monoclonal
antibodies. Anti-NCP antibodies are systematically eval-
uated at each visit in all participants as are anti-Spike IgG
antibody levels. In case of a positive antigenic or RT-PCR
test performed outside the cohort protocol, participants
were asked to consult within 72 h for a clinical examina-
tion and to implement the biological testing.

Statistical methods

Participants were followed from the antibody measure-
ment one month after the primary vaccine course until
the occurrence of a SARS-CoV-2 infection, a first booster
injection, last follow-up visit available, or death.

For positive anti-NCP and increase in anti-Spike IgG,
the exact time of infection was interval-censored. Thus,
an interval-censoring analysis using Cox proportional
hazard models were implemented to estimate the cumu-
lative incidences of SARS-CoV-2 infection and plotted up
to 5 months after the antibody measurement, according
to the populations and to the antibody value terciles. The
association between the antibody value terciles and the
risk of infection was evaluated using log-rank tests.

Cox proportional hazards models were used to model
the association between antibody levels and the risk of
SARS-CoV-2 infection. Antibodies levels were included
in univariable Cox proportional hazards models imple-
mented for each antibody transformed using restricted
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cubic splines with two boundary knots and three interior
knots at the quantiles of the antibody to take into account
non-linearity. Then, age (in years), sex, body mass index
(BMI) (in kg/m?), and number of vaccine doses received
during the primary vaccine course were added to the
model. Models were stratified on the calendar month of
the last received dose during the primary vaccine course
(May 2021 and before, June 2021, July 2021, August 2021,
and after) and on the specific populations. The effect
of anti-Spike IgG on SARS-CoV-2 infections was pre-
sented for specific values (15 BAU/mL half of the level of
detection and 264 BAU/mL identified as protective for
the risk of infection post-vaccination [8]). The Hazard
Ratios (HR) were estimated by dividing the probabilities
of events estimated using the parameters from the mul-
tivariable model for each specific value (e.g. p(SARS-
CoV-2=1, IgG=264 BAU/mL) / (p(SARS-CoV-2=1,
IgG=15 BAU/mL)).

Predictive performances of the antibody measurements
in univariable and multivariable analysis, and of a model
without antibody measurement were evaluated at five
months using a time-dependent area under the receiver
operating characteristic (AUROC) [20] corrected for
optimism by bootstrap [21].

Sensitivity analyses

To evaluate the robustness of our results, we imple-
mented several sensitivity analyses. First, we estimated
the association and the predictive abilities of the antibody
values on the risk of SARS-CoV-2 infection after the out-
come definition was modified to consider only positive
antigenic test and RT-PCR.

Second, as participants who received three doses dur-
ing the primary vaccine course were excluded as a third
dose injection during the primary vaccine course was
recommended for participants with lower immune
response.

Third, we divided the specific populations into partici-
pants with a metabolic chronic condition (diabetic and/
or obese), infectious disease (HIV), and other specific
populations to take into account the difference in vaccine
response [19] and risk of infection by populations.

The analysis was implemented using R 4.1.2, the pack-
age icenReg for the Cox proportional hazard model tim-
eROC for the AUROC estimation.

Results

Characteristics of the study populations

Of 6,108 participants in the ANRS0001S COV-POPART
cohort study, 3,693 were included, 2,570 in the specific
populations, and 1,123 in the control group (Fig. 1). Most
of the participants in the specific populations ended their
primary vaccine course between 1% May and 31% June
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Participants available from the ANRS0001S
COV-POPART cohort database of 13/06/2022
(n=6,108)
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Participants receiving only one dose of

Participants receiving at least two doses of
vaccine during the primary COVID-19 vaccine
course (n = 5,805)

vaccine during the primary COVID-19 vaccine
course (n = 303)

Participants with SARS-CoV-2 infection or
NCP positive before serological measure one

Participants without SARS-CoV-2 infection
and NCP negative before serological markers
measurement one month after the primary
COVID-19 vaccine course (n = 5,339)

month after the primary COVID-19 vaccine
course (n = 466)

Participants without serological markers
measurement available at one month after

Participants with serological markers at one
month after the primary COVID-19 vaccine
course (n = 3,693)

the primary COVID-19 vaccine course
(n=1,646)

Fig. 1 Flowchart of the participants from the ANRS0001S COV-POPART cohort included in the study

2021 (71.8%) and between 1st June and 31% July 2021
(71.3%) for the control group. Participants in the specific
populations were older (52.5 years interquartile range
(IQR): [41.9; 61.0] vs. 47.4 [37.0; 57.8]) compared to the
control group. Mainly prescribed primary vaccine course
was two doses of BNT162b2 (81.8% and 84.4%, respec-
tively). Of participants in specific populations, 33.3%
were with HIV, 29.1% were obese non-diabetic, and
16.6% were diabetic, 7.5% received 3 doses in the primary
vaccine course (Table 1).

Description of antibody responses

One month after the last dose received during the pri-
mary vaccine course the geometric means of anti-spike
IgG, anti-RBD IgG, and neutralizing antibodies were
836.8 [789.7; 886.7] BAU/mL, 354.2 [330.8; 379.2] IU/
mL and 139.4 [130.9; 148.5] titers, respectively in specific
populations. In the control group, geometric mean con-
centrations were higher 1415.7 [1347.4; 1487.4] BAU/mL,
585.2 [555.8; 616.2] IU/mL and 317.1 [297.5; 337.9] titers,

respectively [22] (Supplementary Tables 1 and Supple-
mentary Fig. 1).

Description of SARS-CoV-2 infections

Over a median follow-up of 5.0 months [4.4; 5.8], 257
SARS-CoV-2 infections were observed, 143 (105 identi-
fied by antigenic test or PCR, 32 positive anti-NCP, and
6 increase in anti-Spike IgG antibody levels) in specific
populations and 114 (99 identified by antigenic test or
PCR, 13 positive anti-NCP, and 2 increase in anti-Spike
IgG antibody levels) in the control group. During follow-
up, 24 deaths were observed, all in participants from the
specific populations. The majority of SARS-CoV-2 infec-
tions occurred in December 2021 (18.9% and 21.9%) or
in January 2022 (39.2% and 50.0%), respectively in spe-
cific populations and in the control group. The cumu-
lative probabilities at five months were 6.0% specific
populations (95% confidence interval (CI): [5.0; 7.0]) and
10.1% in the control group (CI: 8.3; 11.9) (Supplementary
Tables 2 and Supplementary Fig. 2).
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Table 1 Characteristics at the end of the primary vaccine course in participants of the ANRS0001S COV-POPART cohort

Characteristics Specific populations (n=2570) Control group (n=1123)
N Median [IQR] or n (%) N Median [IQR] or n (%)
Age (years) 2570 5251[41.9;61.0] 1123 474137.0;57.8]
<65 years 2146 (83.3) 958 (85.3)
>65 years 429 (16.7) 165 (14.7)
Men 2570 1324 (51.5) 1123 552 (49.2)
BMI (kg/m?) 2570 25.6[224;31.1] 1123 23.6[21.5;26.0]
Population 2570 1123
Solid cancer 172 (6.7) -
Solid organs transplanted 70 (2.7) -
Hematopoietic stem cell transplant 46 (1.8) -
Chronic kidney disease and dialysis 75(2.9) -
Systemic autoimmune diseases 139 (54) -
Inflammatory rheumatic disease 159 (6.2) -
MS/NMOSD 363 (14.1) -
Hypogammaglobulinemia 36 (14) -
Diabetic 427 (16.6) -
Obese non-diabetic 748 (29.1) -
HIV 856 (33.3) -
Number of doses in the primary vaccine course 2570 1123
2 2378(92.5) 1123 (100.0)
3 192 (7.5) 0(0.0)
Type of vaccine 2564 1120
BNT162b2 + BNT162b2 2098 (81.8) 945 (84.4)
BNT162b2 + BNT162b2 + BNT162b2 165 (6.4) 0(0.0)
MRNA-1273 + mRNA-1273 226 (8.8) 99 (8.8)
AZD1222+AZD1222 28(1.1) 45 (4.0)
Others 47 (1.8) 31 (28
Calendar period of last dose injection 2570 1123
April 2021 134 (5.2) 25(.2)
May 2021 959 (37.3) 129 (11.5)
June 2021 885 (34.4) 425 (37.8)
July 2021 361 (14.0) 376 (33.5)
August 2021 130 (5.1) 7(104)
September 2021 63 (2.5) 38 (34)
After September 2021 38(1.5) 13(1.2)
Monoclonal antibodies use 2570 19(0.7) 1123 0(0.0)
Other morbidities 2570 1123
0 2079 (80.9) 1123 (100.0)
1 462 (18.0) 0(0.0)
2 29(1.1) 0(0.0)

Control group: participants not from specific population of interest

Anti-SARS-CoV-2 antibody measurements and SARS-CoV-2
infection

The risk of SARS-CoV-2 infection was similar according
to terciles of antibody markers in specific populations
(p=0.13, 0.11, and 0.67, respectively for anti-Spike IgG,
RBD, and neutralizing antibodies) and from the control

group (p=0.45, 0.65, and 0.92, respectively for anti-Spike
IgG, RBD, and neutralizing antibodies) (Fig. 2).

In the control group, after adjustment, higher levels
of anti-Spike IgG antibody were associated with a lower
risk of SARS-CoV-2 infection (p=0.01). The decrease
in risk was more pronounced for lower values, but the
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Fig. 2 Cumulative probabilities of SARS-CoV-2 infections from one month after the primary vaccine course according to the terciles of antibodies

values in participants from the ANRS0001S COV-POPART cohort

P-values presented are from the log-rank tests for the global effect of antibodies categorized by terciles

risk continued to decrease for higher values of anti-
Spike IgG (Fig. 3). Participants with a value of 264 BAU/
mL of anti-Spike IgG antibodies had a lower risk of
SARS-CoV-2 infection (HR: 0.4 [0.0; 0.9]) compared to
a participant with a value of 15 BAU/mL. Risk of SARS-
CoV-2 infection was not differentiated by neutralizing
(p=0.09) and RBD IgG (p=0.17) antibodies (Fig. 3). In
the specific populations, no associations between the
antibody values and the risk of SARS-CoV-2 infection

were estimated after adjustment (p=0.15, 0.22, 0.85,
respectively for anti-Spike IgG, RBD, and neutralizing
antibodies) (Fig. 3).

When SARS-CoV-2 infection was defined using only
antigenic test and PCR, similar results were estimated
with a decreased risk for participants with higher anti-
Spike IgG value in the control group, and no association
for other markers in both populations (Supplementary
Table 3).
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Predictive performances

In specific populations, the predictive performances of
the three antibodies were moderate, with better perfor-
mances for anti-Spike IgG (AUROC: 73.2%), then anti-
RBD IgG (70.9%), and neutralizing antibodies (68.5%).
The predictive performances of the multivariable models
were slightly superior (74.5%, 74.9, and 72.4%, respec-
tively for anti-Spike IgG, RBD IgG, and neutralizing anti-
bodies), which were similar and superior to the one of a
model without antibodies (67.0%). In the control group,
the performances of the antibody were superior both in
univariable (78.3%, 77.0%, and 78.8%, respectively for
anti-Spike IgG, RBD IgG, and neutralizing antibodies)
and in multivariable (82.0%, 81.2%, and 81.4%, respec-
tively for anti-Spike IgG, RBD IgG, and neutralizing anti-
bodies). However, the gain induced by the addition of the
antibodies to the model was low (81.2%) (Table 2).

When defining SARS-CoV-2 infection based on anti-
genic test and RT-PCR only, the predictive abilities of
the antibody values decreased and were similar in both
populations (Anti-Spike IgG: 71.0% and 71.1%, anti-RBD
IgG: 70.1% and 67.8%, Neutralizing antibodies: 66.7% and
68.8%, respectively in specific population and the control
group) (Supplementary Table 5).

In specific populations who received two doses during
the primary vaccine course, diabetic or obese, and other
specific populations than diabetic, obese, and persons
with HIV, the results were similar to the overall specific
population. Among participants with HIV, the predictive
performances were low both in univariable and multivar-
iable analysis (Supplementary Table 6).

Factors associated with the risk of SARS-CoV-2 infections

After adjustment on IgG anti-Spike value, older age
(HR: 0.8 [0.7; 0.9] and 0.7 [0.6; 0.8] for an increase of 10
years, respectively in specific populations and the con-
trol group) and being a woman (0.7 [0.5; 1.0] and 0.7 [0.5;
1.0], respectively) were significantly associated with a
decreased risk of SARS-CoV-2 infection, in both specific
populations and the control group. In specific popula-
tions, higher BMI (1.1 [1.0; 1.3] for an increase of 5 kg/

(See figure on next page.)
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m?) was associated with an increased risk of SARS-CoV-2
infection (Supplementary Table 3). The same factors were
identified when modifying the definition of SARS-CoV-2
infection (Supplementary Table 4).

Discussion
The cumulative probability of SARS-CoV-2 infection was
low and mainly occurred after 1% December 2021, cor-
responding to the Omicron BA.1 wave in France. Higher
anti-Spike IgG antibody levels at one month after the pri-
mary vaccine course was associated with a decreased risk
of SARS-CoV-2 infection in the control group, but not
in the specific populations. Our results indicate moder-
ate performances of the antibody values to discriminate
participants experiencing SARS-CoV-2 infection in the
5 months following the primary vaccine course in the
specific populations, and good, but similar to the one of
a model without antibody results in control participants.
We observed higher probabilities of SARS-CoV-2 infec-
tions in the control group, with a sharp increase at the
end of the follow-up period, compared to specific popu-
lations. Participants from the specific populations may
have engaged in less risky behavior than the general pop-
ulation. In participants with a lower antibody response,
the role of the antibody response is less important than
the cellular response [18]. In addition, all participants of
the control group were responders with high antibody
measurements at baseline. A progressive decrease in the
protection could explain the infections observed at a later
follow-up. Finally, due to the recommendation, partici-
pants in the control group received their booster injec-
tion later than participants from specific populations and
were more exposed to the Omicron wave. The same fac-
tors could explain the decreased risk of SARS-CoV-2 with
increasing age. As identified in previous studies, women
[22, 23] were at lower risk, and participants with high
BMI [24] were at higher risk of SARS-CoV-2 infection.
Increased anti-Spike IgG antibody level was associ-
ated with a decreased risk of SARS-CoV-2 infection in
the control group. In the specific populations, antibody
levels were not associated with the risk of SARS-CoV-2,

Fig. 3 Association between antibody values and risk of SARS-CoV-2 infections after the primary vaccine course in participants of the ANRSO001S

COV-POPART cohort study

Models were adjusted on age, sex, BMI, number of doses and number of other morbidities and stratified by month of the last received injection
during the primary vaccine course and the specific population in specific populations and age, sex and BMI in the control group. Dark line

is the Hazard Ratio (HR) estimated by a Cox proportional hazards model and area between the dashed lines is the 95% confidence of the HR. The
antibody value associated with the median probability of predicted events by the model served as the reference for estimating the HR. Values
associated with the median probability were: 1470 BAU/mL,1687 IU/mL, and 640 titers in specific populations, and 2033 BAU/mL, 1524 IU/mL,
and 320 titers in the control group, respectively. P-values of the associations: 0.15, 0.22, and 0.85 for anti-Spike 1gG, RBD, and neutralizing antibody
levels in specific populations, and 0.01, 0.17, and 0.09, respectively in the control group. Control group: participants not from specific populations
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and their predictive abilities were moderate. The associa-
tion between anti-spike IgG antibody level and the risk of
SARS-CoV-2 infection has been previously published but

differs for the RBD IgG and neutralizing antibody levels,
which have been identified as potential correlates of pro-
tection [8, 12, 25-28]. This divergence could be explained
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Table 2 Area under receiving operating characteristic (AUROC) of the antibody value for the prediction of SARS-CoV-2 infection at five
months after baseline in participants from the ANRS0001S COV-POPART cohort

Antibodies Specific populations

Control group

Univariable Multivariable® Univariable Multivariable®
Anti-Spike IgG (BAU/mL) 732 74.5 783 820
Anti-RBD IgG (IU/mL) 704 74.9 77.0 81.2
Neutralizing antibodies (Titers) 68.5 724 788 814
Model without antibody - 67.0 - 81.2

AUROC are corrected for optimism using 1000 bootstrap samples
Control group: participants not from specific populations

2 Cox proportional hazards models adjusted on age, sex, BMI, number of doses and number of comorbidities and stratified by month of the last received injection

during the primary vaccine course and the specific population
b Cox proportional hazards models adjusted on age, sex and BMI

by the differences with the previous studies which were
realized using clinical trial data when the alpha-variant
was predominant [8, 12], whereas this study presents
data collected at the time of Omicron variant emergence
which is associated with a decreased efficacy of vaccines
[13, 29, 30]. The moderate predictive abilities do not
question the role of these antibodies and their useful-
ness for the evaluation of the vaccine response. Especially
since the humoral response after the primo-vaccination
is less mature than after the booster injection [31].

This study has some limitations. We cannot study
severe forms (i.e. hospitalization, intensive care, or
mortality) of SARS-CoV-2 infections. In previous stud-
ies, antibodies were identified as correlates of protec-
tion for symptomatic SARS-CoV-2 infection [8, 12, 25].
For asymptomatic SARS-CoV-2 infection, similar asso-
ciations were estimated before vaccination [32], but not
after [8, 12, 25] which could explain why antibody levels
were not predictive for SARS-CoV-2 infections in our
analyses. Data about RT-PCR or antigenic test results
were collected during visits made at the convenience of
the participants and anti-NCP tests do not have a 100%
sensitivity and wane over time [33]. Therefore, we can-
not rule out that we missed asymptomatic SARS-CoV-2
infection.

Here, we focused on the abilities of the antibody meas-
urements to predict the risk of SARS-CoV-2 infection
before the booster injection when the immune response
might not be mature yet and this might explain our
results. A future study will evaluate the SARS-CoV-2
risk after booster injection. RBD-IgG and neutraliz-
ing antibodies for the Omicron variant are only meas-
ured on sub-samples of each subpopulation within the
ANRS0001S COV-POPART study and given the low
number of SARS-CoV-2 infection in the study period we
could not explore this further.

In conclusion, in a context where the predominant var-
iant was Omicron, the ability of antibody values to dis-
criminate participants who will develop a SARS-CoV-2
infection after the primary vaccine course and before the
1% booster injection was moderate in the specific popu-
lations and good in the control group but similar to a
model without SARS-CoV-2 antibodies. These results
add to the existing body of evidence that people from
specific populations might need more intensive primary
vaccine schedules. Further studies including antibody
measurements after the booster vaccination are need to
study the role of antibody responses in people from spe-
cific populations with regard to the risk of SARS-CoV-2
infection.
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