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A B S T R A C T

Background: We aimed to assess the effectiveness of two doses of mRNA COVID-19 vaccines against COVID-
19 with the original virus and other lineages circulating in France.
Methods: In this nationwide case-control study, cases were SARS-CoV-2 infected adults with onset of symp-
toms between 14 February and 3 May 2021. Controls were non-infected adults from a national representa-
tive panel matched to cases by age, sex, region, population density and calendar week. Participants
completed an online questionnaire on recent activity-related exposures and vaccination history. Information
about the infecting virus was based on a screening RT-PCR for either B.1.1.7 or B.1.351/P.1 variants.
Findings: Included in our analysis were 7 288 adults infected with the original SARS-CoV-2 virus, 31 313 with
the B.1.1.7 lineage, 2 550 with B.1.351/P1 lineages, and 3 644 controls. In multivariable analysis, the vaccine
effectiveness (95% confidence interval) seven days after the second dose of mRNA vaccine was estimated at
88% (81-92), 86% (81-90) and 77% (63-86) against COVID-19 with the original virus, the B.1.1.7 lineage, and
the B.1.351/P.1 lineages, respectively. Recent (2 to 6 months) history of virologically confirmed SARS-CoV-2
infection was found to be 83% (76-88), 88% (85-91) and 83% (71-90) protective against COVID-19 with the
original virus, the B.1.1.7 lineage, and the B.1.351/P.1 lineages, respectively; and more distant (> 6 months)
infections were 76% (54-87), 84% (75-90), and 74% (41-89) protective against COVID-19 with the original
virus, the B.1.1.7 lineage, and the B.1.351/P.1 lineages, respectively.
Interpretation: In real-life settings, two doses of mRNA vaccines proved to be effective against COVID-19 with
the original virus, B.1.1.7 lineage and B.1.351/P.1 lineages.
Funding: Institut Pasteur, Research & Action Emerging Infectious Diseases (REACTing), Fondation de France
(Alliance “Tous unis contre le virus”).
© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Research in context

Evidence before this study

As of early May 2021, the World Health Organization had iden-
tified three variants of SARS-CoV-2 of concern due their
increased transmissibility and/or possible immune escape:
B.1.1.7, B.1.351 and P.1 lineages. COVID-19 mass vaccination
efforts have begun in most countries. We conducted a system-
atic search of PubMed and the pre-print server MedRxiv for
observational studies of COVID-19 mRNA vaccine effectiveness
and these variants of concern using the terms ‘COVID-19 vac-
cine effect’, and ‘SARS-CoV-2 variant’ or ‘SARS-CoV-2 mutation’.
This search identified two cohort studies assessing vaccine
effectiveness of BNT162b2 mRNA vaccine against the original
virus and B.1.1.7 lineages of SARS-CoV-2 in Israel and in the U.
K., one case-control study which assessed vaccine effectiveness
of BNT162b2 mRNA against the B.1.1.7 in the U.K., and one
case-control study which assessed vaccine effectiveness of
BNT162b2 mRNA against the B.1.1.7 and the B.1.351 lineage in
Qatar.

Added value of this study

We analysed data from an ongoing nationwide case-control
study to assess the effectiveness of two doses of mRNA vaccines
against COVID-19 with the original SARS-CoV-2 virus and other
lineages circulating in France, adjusting for a large series of
potential confounders, including socio-demographic character-
istics, co-morbidities, occupation, and history of past infection.
We found protection against COVID-19 seven days after a sec-
ond dose of mRNA vaccine to be 88% against original virus, 86%
against B.1.1.7, and 77% against B.1.351/P.1 lineages.

Implications of all the available evidence

Variants of concern of SARS-CoV-2 continue to circulate as
COVID-19 mass vaccination programmes are being rolled out
around the world. This study indicates that two doses of mRNA
vaccines are effective against COVID-19 with the original virus,
B.1.1.7 and B.1.351/P.1 lineages. These are important findings
for mass vaccination programmes, but further investigations
are required, as well as an assessment of how these findings
translate to protection against severe forms of COVID-19 that
require hospitalisation.
1. Introduction

In late 2020, England experienced a resurgence in incidence of
SARS-CoV-2 infections despite the implementation of stringent pub-
lic health and social measures. This resurgence was later attributed in
part to the emergence of the B.1.1.7 SARS-CoV-2 lineage � a variant
which has been demonstrated to be more transmissible compared to
the original virus [1]. This was followed by the emergence of the
B.1.351 variant in South Africa and the P.1 variant in Brazil, both of
which emerged in a context of rapid resurgence in SARS-CoV-2 inci-
dence [2,3].

Of further concern from a public health perspective are the muta-
tions in the SARS-CoV-2 Spike protein in B.1.351 (E484K and K417N)
and P.1 (E484K and K417T) variants with potential escape to SARS-
CoV-2 antibodies. The potential for immune escape has been investi-
gated through evaluation of the neutralizing capacity of sera or
plasma from individuals with past infection against B.1.351 and P.1
[4�7], and sera from individuals having received mRNA COVID-19
vaccines against B.1.351 and P.1 [7�9]. Overall, the neutralizing activ-
ity seems to be similar between the original virus and B.1.1.7, much
weaker for B.1.351, and intermediate for P1.

Field evaluations of COVID-19 vaccines are available against the
original virus and the B.1.1.7 lineage, showing 85-94% vaccine effec-
tiveness against COVID-19 seven days after the second dose for
BNT162b2 mRNA [10,11]. For B.1.351, lower efficacy of the ChAdOx1
nCoV-19 [12], Ad26.COV2.S [13], and NVX-CoV2372 [14] vaccines
have been shown during clinical trials in South Africa and break-
through infections with B.1.1.7 and B.1.351 lineages have been docu-
mented in individuals vaccinated with BNT162b2 mRNA vaccine in
Israel [15]. A recent publication estimated the effectiveness of
BNT162b2 mRNA vaccine to be 75% against all clinical forms of
B.1.351 infection, and 97% against severe, critical or fatal disease in
Qatar [16].

Since October 2020, we have conducted an ongoing nationwide
case-control study which has allowed us to investigate the places
and activities associated with SARS-CoV-2 infection in France [17]. In
February 2021, we modified the questionnaire to add information on
history of COVID-19 vaccination, and virological information from
SARS-CoV-2 testing. We have used this information to assess the
effectiveness of two doses of mRNA COVID-19 vaccines against the
viral lineages circulating in the country (mainly original, B.1.1.7,
B.1.351 and P.1).

2. Methods

2.1. Study design and participants

The case-control study design has been previously described [17].
Briefly, cases and controls were selected from two different national
databases. Cases were adults with recent SARS-CoV-2 infection diag-
nosed between 14 February 2021 and 3 May 2021 and were identi-
fied through the database from the Caisse Nationale d’Assurance
Maladie � a national health insurance agency which receives notifi-
cation of all SARS-CoV-2 infections in France. Potential cases for our
study were all those diagnosed with COVID-19 and with an email
address with the national health insurance agency (55% of the adult
French population). Controls were adults with no documented recent
SARS-CoV-2 infection selected at regular intervals from a representa-
tive panel from a database from Ipsos � a French market research
and public opinion company. France is divided into 13 administrative
regions. Controls were frequency-matched to cases based on age (18-
29, 30-54, 55+ years), sex, region of residence, population density of
residence, and calendar week. The study was conducted during a
period of widespread SARS-CoV-2 transmission in France, with a
nationwide 14-day notification rate of 398 cases per 100, 000 popula-
tion at the start of the study period, 538 cases per 100,000 population
at the end of the study period and a peak of 801 cases per 100,000
population for the week of 29 March.[18]

2.2. Data collection

Cases and controls were invited to participate in the study by e-
mail and received information online about the study before com-
pleting a questionnaire if they agreed to participate. The
questionnaire covered sociodemographic characteristics, co-morbid-
ities, results of recent SARS-CoV-2 testing for cases (date of test,
result of test, SARS-CoV-2 virus identified and categorized as original
virus, B.1.1.7, B.1.351/P.1 or “other variant”), recent exposure infor-
mation, and history of COVID-19 vaccination (date of vaccination,
vaccine manufacturer, number of doses received). Questionnaires
covered the 10 days preceding symptom onset for cases, and the
10 days preceding inclusion for controls. Participants were asked
about whether they had been infected in the past, at what date, and
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whether diagnosis had been made by RT-PCR or rapid antigen test,
serology, or by clinician suspicion without virological or serological
confirmation. No sequencing data were available to confirm a true
re-infection.

2.3. Vaccination

The following COVID-19 vaccines have been authorized for use in
France: BNT162b2 mRNA received authorization on 27 December
2020, Moderna mRNA-1273 on 14 January 2021, ChAdOx1 nCOV-19
on 6 February 2021, and Ad26.COV2.S on 12 March 2021. mRNA vac-
cines were initially recommended for individuals 75 years and older,
then 65 years and older with co-morbidities (2 February 2021),
before being recommended for less than 55 years of age when the
ChAdOx1 nCOV-19 vaccine was no longer recommended in that age
group because of the risk of thrombotic thrombocytopenia[19,20] (19
March 2021). Health care workers were also among the groups prior-
itized for vaccination, soon after the individuals 75 years and older,
and starting with health care workers older than 50 years of age. The
majority of them received the ChAdOx1 nCOV-19 vaccine until
mRNA vaccines were recommended for those less than 55 years of
age. The recommended dose spacing was initially 3-4 weeks for the
mRNA vaccines, which was extended to 6 weeks on 23 January 2021,
and 9-12 weeks for the ChAdOx1 nCOV-19 vaccine, which was
extended to 12 weeks on 2 March 2021. As per the vaccine recom-
mendations in France at the time of the study, individuals with docu-
mented past infection were given one vaccine dose only[21]. By the
end of the study period (1 May 2021), about 12% of the French popu-
lation had been fully vaccinated. Information on the vaccination his-
tory of the participants was available for inclusion in our database
from 13 January 2021, but information on the vaccine type was
included only from 22 April 2021. Based on the dose spacing recom-
mendations, no vaccinee should have received a second dose of ChA-
dOx1 nCOV-19 prior to 6 May 2021, one week after the end of the
study period. As such, for the purposes of our analysis, we considered
that all participants indicating that they had received two doses of
vaccines had received two doses of mRNA vaccines. However, we
could not differentiate whether participants had received BNT162b2
mRNA or Moderna mRNA-1273 based on the information available.

2.4. Identification of original virus, B.1.1.7, and B.1.351/P1 SARS-CoV-2
variants

Every specimen with a positive RT-PCR detection of SARS-CoV-2
was subsequently analyzed with a second round of RT-PCR called
screening RT-PCR, with the purpose of a rapid identification of
viruses belonging to the list of variants of concern. When imple-
mented (January 2021), this screening strategy was focusing on the
detection of the B.1.1.7, B.1.351 and P.1 viruses.[22] Screening relied
on the detection of the N501Y mutation shared by these three VOCs
and one or two additional targets specific of either the B.1.1.7 lineage
(del69-70, A570D, P681H) or the B.1.351/P.1 lineages (K417N,
E484K). When screening RT-PCR was negative for all targets the virus
was assumed to be a “original virus” with no further testing. When
discordant results were obtained, the virus was classified as “other
variant”. On 30 March 2021, a random sampling of 2590 SARS-CoV-2
RT-PCR positive tests on the French territory identified 80.8% of them
as B.1.1.7, 7.8% as B.1.351, and 0.4% as P.1.[23]

2.5. Statistical analyses

The primary objective was to determine the vaccine effectiveness
seven days after the second dose of mRNA COVID-19 vaccines against
COVID-19 with either original, B.1.1.7, or B.1.351/P.1 SARS-CoV-2 lin-
eages. We chose seven days after the second dose of mRNA vaccine
for comparability with recently published field mRNA vaccine
effectiveness evaluation.10,11 Participants retained for the final anal-
ysis were those with COVID-19; infection with either the original
virus, the B.1.1.7 lineage, or the B.1.351/P.1 lineages; who had
received either no doses of COVID-19 vaccine or who had received
two doses of COVID-19 vaccine at least seven days prior to symptom
onset (those who had received one dose of vaccine only, or who had
received their second dose within seven days prior to symptom onset
were excluded from the analysis), and, for those participants who
reported past SARS-CoV-2 infection, those included retained in the
final analysis were those who reported a date of past SARS-CoV-2
infection of more than two months. We were not able to report the
effectiveness of one dose of vaccine only, as with the data available,
we were not able to distinguish one dose of mRNA vaccine from one
dose of ChAdOx1 nCOV-19 vaccine. We conducted a multinomial
logistic regression analysis to identify factors associated with each of
the three SARS-CoV-2 virus type (original, B.1.1.7 and B.1.351/P.1)
infection as the outcome. Variables introduced into the models were
the vaccination status (seven days after the second dose versus not
vaccinated), the matching variables (age in ten-year categories, sex,
region, population density, and calendar week), and potential con-
founders (body mass index, history of high blood pressure, history of
diabetes, history of chronic respiratory disease, history of myocardial
infarction/angina pectoris, type of housing, level of education, num-
ber of persons living in the household, having children attending
day-care centre or looked after by a childminder, having children
attending school, being a health care worker, and history of past
infection). The vaccine effectiveness was computed as one minus the
adjusted odds-ratio (OR). Differences in vaccine effectiveness accord-
ing to various participants characteristics (age category, sex, profes-
sion) were explored using tests for interaction. Since this analysis
was not planned at the initiation of the study, we did not calculate a
sample size based on an expected vaccine effectiveness before start-
ing the study. Sample size happened to be the number of cases and
controls who responded to the questionnaire during the study
period, and who matched the criteria chosen for the analysis. A
description of the recruitment process and numbers available is
shown on the Fig. 1. All statistical analyses were performed using
Stata 16.0 (StataCorp, College Station, TX, USA).

2.6. Ethical considerations

This study received ethical approval by the Comit�e de Protection
des Personnes Sud Ouest et Outre Mer 1 on 21 September 2020. The
data protection authority Commission Nationale de l’Informatique et
des Libert�es (CNIL) authorized the processing of data on 21 October
2020. Informed consent was obtained from all participants. The study
is registered with ClinicalTrials.gov under the identifier
NCT04607941.

2.7. Role of the funding source

The funder of the study had no role in study design, data collec-
tion, data analysis, data interpretation, or writing of the report.

3. Results

From 18 February to 29 April 2021, 949 745 individuals with
SARS-CoV-2 infection were contacted by email by the national health
insurance agency, of which 67 760 (7.1%) participated in the study.
When compared to the 1 720 132 adult (20 years and older) patients
registered in the national COVID-19 database during the period 14
February � 4 May 2021, cases in our study were more likely to be
female (66% compared to 53% in the national database), in the age
group 30-59 years (72% versus 57%), and less likely to be from the Ile-
De-France region (27% versus 34%), and older than 69 years (2% ver-
sus 11%) (Table S1).



Fig. 1. Flowchart of cases and controls selection for analysis.
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At regular intervals, controls were frequency-matched to the
cases, with the result that among the 57 961 adults who were con-
tacted as controls across the study period, 4 058 (7.0%) agreed to par-
ticipate in the study. Table S2 compares the professional category of
the highest income in the household of controls with that of the gen-
eral population in France. It shows that controls were more likely to
have senior executive (30% vs 20%) positions, and less likely to have
manual jobs (10% vs 19%).

The Fig. 1 describes criteria used to exclude patients and controls
to reach the population included in the analysis (see Methods), which
consisted of 7 288 COVID-19 cases infected with the original virus, 31
313 COVID-19 cases infected with the B.1.1.7 lineage, 2 550 COVID-
19 cases infected with B.1.351/P.1 lineages, and 3 644 non-infected
controls. Table 1 compares the characteristics of COVID-19 cases
infected with SARS-CoV-2 original virus, B.1.1.7 lineage, and those
infected with B.1.351/P.1 viruses. The circulation of the variants dur-
ing the study period was not equal across France, and cases infected
with the lineages B.1.1.7 or B.1.351/P.1 were more likely to be male,
with higher levels of education, and not health care workers com-
pared to those infected with the original virus. Participants infected
with a B.1.351/P.1 lineage were not more likely to have prior SARS-
CoV-2 infection compared to those infected with the original virus or
the B.1.1.7 lineage (p=0.139) but were more likely to have become
infected despite two doses of COVID-19 vaccine (P=0.003).

Table 2 describes the factors associated with recent COVID-19, by
virus type. In multivariable analysis, the risk of infection increased
with a history of chronic respiratory disease, lower levels of
education, an increasing number of people in the household, having
children in the household attend day care or a childminder, having
children in the household attend school, or being a health care
worker, regardless of the virus type. A past history of high blood pres-
sure was associated with a lower risk of infection with the original
virus and the B.1.1.7 lineage, and a history of diabetes with a lower
risk of infection with the B.1.1.7 lineage. Previous history of virologi-
cally confirmed SARS-CoV-2 infection was found to be protective
against the original virus, the B.1.1.7 lineage, and the B.1.351/P.1 line-
ages: 83%-88% for recent (2 to 6 months) infections, and 74%-84% for
more distant (> 6 months) infections. The vaccine effectiveness (95%
CI) seven days after the second dose of mRNA vaccine was estimated
at 88% (81%-92%) against COVID-19 with the original virus, 86% (81%-
90%) with the B.1.1.7 lineage, and 77% (63%-86%) with B.1.351/P.1 lin-
eages. When the variable “health care worker”was dropped from the
multivariable model, the OR associated with vaccine protection
moved from 0.12 to 0.20 for the original virus, from 0.14 to 0.20 for
the B.1.1.7 lineage, and from 0.23 to 0.34 for the B.1.351/P.1 lineages,
and became very close to the OR observed for vaccine protection in
univariable analysis (0.19, 0.20, and 0.35, respectively), showing that
the only variable exerting an important confounding effect on the
estimation of the protection conferred by vaccines was “being a
health care worker”. We also wondered whether the difference in
the proportion with past infection between the cases and controls
may have influenced the estimates of vaccine effectiveness. While we
adjusted for history of past infection in the analysis, we performed a
complementary analysis by restriction in the eventuality that the



Table 1.
Characteristics of cases infected with SARS-CoV-2 original virus, B.1.1.7 lineage, and B.1.351/P.1 lineages and controls.

Original virus N = 7 288 (%) B.1.1.7 lineage N = 31 313 (%) B.1.351/P.1 lineages N = 2 550 (%) P value* All cases N = 41 151 (%) Controls N = 3 644 (%) P value**

Age (years) <0.001 NR
18-24 722 (9.9) 2663 (8.5) 188 (7.4) 3573 (8.7) 271 (7.4)
25-34 1728 (23.7) 7532 (24.1) 613 (24.0) 9873 (24.0) 673 (18.5)
35-44 1882 (25.8) 8789 (28.1) 715 (28.0) 11386 (27.7) 857 (23.5)
45-54 1701 (23.3) 7481 (23.9) 617 (24.2) 9799 (23.8) 1237 (33.9)
55-64 927 (12.7) 3705 (11.8) 328 (12.9) 4960 (12.1) 96 (2.6)
65-74 303 (4.2) 1068 (3.4) 80 (3.1) 1451 (3.5) 340 (9.3)
75 + 25 (0.3) 75 (0.2) 9 (0.4) 109 (0.3) 170 (4.7)

Sex <0.001 NR
Male 2158 (29.6) 10238 (32.7) 891 (34.9) 13287 (32.3) 1225 (33.6)
Female 5130 (70.4) 21075 (67.3) 1659 (65.1) 27864 (67.7) 2419 (66.4)

Region of residence <0.001 NR
Île-de-France 1811 (24.8) 6674 (21.3) 761 (29.8) 9246 (22.5) 1061 (29.1)
Centre - Val de Loire 297 (4.1) 925 (3.0) 46 (1.8) 1268 (3.1) 132 (3.6)
Bourgogne � France-Comt�e 314 (4.3) 1158 (3.7) 89 (3.5) 1561 (3.8) 159 (4.4)
Normandie 355 (4.9) 1164 (3.7) 86 (3.4) 1605 (3.9) 150 (4.1)
Hauts-de-France 857 (11.8) 4090 (13.1) 157 (6.2) 5104 (12.4) 366 (10.0)
Grand Est 541 (7.4) 2331 (7.4) 593 (23.3) 3465 (8.4) 244 (6.7)
Pays de la Loire 374 (5.1) 1820 (5.8) 173 (6.8) 2367 (5.8) 170 (4.7)
Bretagne 184 (2.5) 1123 (3.6) 50 (2.0) 1357 (3.3) 122 (3.3)
Nouvelle-Aquitaine 446 (6.1) 1962 (6.3) 103 (4.0) 2511 (6.1) 197 (5.4)
Occitanie 506 (6.9) 2261 (7.2) 98 (3.8) 2865 (7.0) 258 (7.1)
Auvergne- Rhône-Alpes 1007 (13.8) 4983 (15.9) 243 (9.5) 6233 (15.1) 457 (12.5)
Provence-Alpes-Côte d’Azur and Corse 596 (8.2) 2822 (9.0) 151 (5.9) 3569 (8.7) 328 (9.0)

Population density of place of residence
(inhabitants)

<0.001 NR

Rural or < 5,000 1901 (26.1) 7966 (25.4) 631 (24.7) 10498 (25.5) 843 (23.1)
5,000 - 19,999 700 (9.6) 3154 (10.1) 227 (8.9) 4081 (9.9) 339 (9.3)
20,000 - 99,999 854 (11.7) 3637 (11.6) 286 (11.2) 4777 (11.6) 426 (11.7)
100,000 + 2216 (30.4) 10675 (34.1) 719 (28.2) 13610 (33.1) 1124 (30.8)
Paris agglomeration 1617 (22.2) 5881 (18.8) 687 (26.9) 8185 (19.9) 912 (25.0)

Calendar week <0.001 NR
7 1060 (14.5) 1406 (4.5) 154 (6.0) 2620 (6.4) 316 (8.7)
8 1313 (18.0) 2247 (7.2) 240 (9.4) 3800 (9.2) 299 (8.2)
9 902 (12.4) 2321 (7.4) 238 (9.3) 3461 (8.4) 373 (10.2)
10 775 (10.6) 2955 (9.4) 252 (9.9) 3982 (9.7) 288 (7.9)
11 735 (10.1) 3700 (11.8) 324 (12.7) 4759 (11.6) 342 (9.4)
12 669 (9.2) 4304 (13.7) 301 (11.8) 5274 (12.8) 268 (7.4)
13 622 (8.5) 3932 (12.6) 272 (10.7) 4826 (11.7) 338 (9.3)
14 468 (6.4) 3522 (11.2) 236 (9.3) 4226 (10.3) 341 (9.4)
15 383 (5.3) 3347 (10.7) 232 (9.1) 3962 (9.6) 280 (7.7)
16 281 (3.9) 2803 (9.0) 219 (8.6) 3303 (8.0) 361 (9.9)
17 80 (1.1) 773 (2.5) 82 (3.2) 935 (2.3) 241 (6.6)
18 0 (0.0) 3 (0.0) 0 (0.0) 3 (0.0) 197 (5.4)

Body mass index (in kg/m2) 0.001 0.034
< 18.5 3899 (53.5) 17586 (56.2) 1403 (55.0) 22888 (55.6) 1960 (53.8)
� 18.5 & < 25 2181 (29.9) 8917 (28.5) 755 (29.6) 11853 (28.8) 1063 (29.2)
� 25 1208 (16.6) 4810 (15.4) 392 (15.4) 6410 (15.6) 621 (17.0)

High blood pressure 0.131 <0.001
No 6774 (92.9) 29296 (93.6) 2374 (93.1) 38444 (93.4) 3257 (89.4)
Yes 514 (7.1) 2017 (6.4) 176 (6.9) 2707 (6.6) 387 (10.6)

Diabetes 0.070 <0.001
No 7124 (97.7) 30734 (98.2) 2497 (97.9) 40355 (98.1) 3507 (96.2)
Yes 164 (2.3) 579 (1.8) 53 (2.1) 796 (1.9) 137 (3.8)

(continued on next page)
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Table 1. (Continued)

Original virus N = 7 288 (%) B.1.1.7 lineage N = 31 313 (%) B.1.351/P.1 lineages N = 2 550 (%) P value* All cases N = 41 151 (%) Controls N = 3 644 (%) P value**

Chronic respiratory disease 0.645 0.042
No 6726 (92.3) 28983 (92.6) 2352 (92.2) 38061 (92.5) 3404 (93.4)
Yes 562 (7.7) 2330 (7.4) 198 (7.8) 3090 (7.5) 240 (6.6)

History of myocardial infarction / angina
pectoris

0.382 0.008

No 7243 (99.4) 31159 (99.5) 2538 (99.5) 40940 (99.5) 3613 (99.1)
Yes 45 (0.6) 154 (0.5) 12 (0.5) 211 (0.5) 31 (0.9)

Education <0.001
No diploma 251 (3.4) 670 (2.1) 64 (2.5) 985 (2.4) 61 (1.7)
Pre-bachelor degree 1467 (20.1) 4913 (15.7) 406 (15.9) 6786 (16.5) 602 (16.5)
Undergraduate degree 1709 (23.4) 6700 (21.4) 519 (20.4) 8928 (21.7) 862 (23.7)
Graduate degree 2545 (34.9) 11691 (37.3) 951 (37.3) 15187 (36.9) 1472 (40.4)
Post-graduate degree 1316 (18.1) 7339 (23.4) 610 (23.9) 9265 (22.5) 647 (17.8)

Housing type <0.001 <0.001
House 4297 (59.0) 19423 (62.0) 1497 (58.7) 25217 (61.3) 2027 (55.6)
Apartment 2942 (40.4) 11746 (37.5) 1037 (40.7) 15725 (38.2) 1601 (43.9)
Long term care facility and social housing 49 (0.7) 144 (0.5) 16 (0.6) 209 (0.5) 16 (0.4)

Number of persons in the household <0.001 <0.001
1 1150 (15.8) 4382 (14.0) 390 (15.3) 5922 (14.4) 735 (20.2)
2 1970 (27.0) 8145 (26.0) 682 (26.7) 10797 (26.2) 1176 (32.3)
3 1541 (21.1) 6802 (21.7) 562 (22.0) 8905 (21.6) 728 (20.0)
4 1743 (23.9) 8269 (26.4) 645 (25.3) 10657 (25.9) 711 (19.5)
5 646 (8.9) 2789 (8.9) 207 (8.1) 3642 (8.9) 244 (6.7)
6+ 238 (3.3) 926 (3.0) 64 (2.5) 1228 (3.0) 50 (1.4)

Child in household attending daycare centre or
looked after by a childminder

0.187 <0.001

No 6627 (90.9) 28253 (90.2) 2305 (90.4) 37185 (90.4) 3488 (95.7)
Yes 661 (9.1) 3060 (9.8) 245 (9.6) 3966 (9.6) 156 (4.3)

Child in household attending school 0.002 <0.001
No 4039 (55.4) 16673 (53.2) 1402 (55.0) 22114 (53.7) 2348 (64.4)
Yes 3249 (44.6) 14640 (46.8) 1148 (45.0) 19037 (46.3) 1296 (35.6)

Health care worker <0.001 <0.001
No 6197 (85.0) 27874 (89.0) 2258 (88.5) 36329 (88.3) 3424 (94.0)
Yes 1091 (15.0) 3439 (11.0) 292 (11.5) 4822 (11.7) 220 (6.0)

History of past SARS CoV-2 infection 0.139 <0 .001
No 7168 (98.4) 30830 (98.5) 2499 (98.0) 40497 (98.4) 3431 (94.2)
Indicated by virological test (>6 months) 15 (0.2) 55 (0.2) 7 (0.3) 77 (0.2) 40 (1.1)
Indicated by virological test (between 2 and 6
months)

51 (0.7) 148 (0.5) 18 (0.7) 217 (0.5) 127 (3.5)

Indicated by serological test 9 (0.1) 59 (0.2) 7 (0.3) 75 (0.2) 12 (0.3)
Suspected by clinician 45 (0.6) 221 (0.7) 19 (0.7) 285 (0.7) 34 (0.9)

History of vaccination*** 0.003 <0.001
Not vaccinated 7259 (99.6) 31139 (99.4) 2525 (99.0) 40923 (99.4) 3451 (94.7)
Yes, two doses of COVID-19 vaccine 29 (0.4) 174 (0.6) 25 (1.0) 228 (0.6) 193 (5.3)

* Chi-square test comparing the proportions across the three virus types.
** Chi-square test comparing the proportions across cases and controls.
*** Participants with only one dose of vaccination, or within seven days of second dose, were excluded from this analysis

NR: not relevant (matching variables)
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Table 2
Factors (aOR and 95%CI) associated with recent COVID-19 in France (February �May 2021) by virus type among 41151 cases compared to 3644 controls.

Original virus (n=7288) B.1.1.7 lineage (n=31313) B.1.351/P1 lineages (n=2550)
OR (95% CI)* aOR (95%CI)** OR (95% CI)* aOR (95%CI)** OR (95% CI)* aOR (95%CI)**

Body mass index (in kg/m2)
<18.5 1 (ref.) 1 (ref) 1 (ref.) 1 (ref) 1 (ref.) 1 (ref)
�18.5 & <25 1.12 (1.02-1.24) 1.09 (0.98-1.20) 0.99 (0.91-1.08) 1.00 (0.92-1.09) 1.01 (0.90-1.15) 1.03 (0.91-1.17)
�25 1.04 (0.93-1.17) 1.05 (0.93-1.19) 0.90 (0.81-1.00) 0.99 (0.89-1.10) 0.90 (0.77-1.04) 0.98 (0.84-1.14)

High blood pressure
No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Yes 0.79 (0.68-0.93) 0.80 (0.68-0.95) 0.78 (0.69-0.90) 0.85 (0.74-0.98) 0.79 (0.65-0.97) 0.86 (0.69-1.06)

Diabetes
No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Yes 0.79 (0.61-1.02) 0.79 (0.61-1.03) 0.67 (0.54-0.83) 0.74 (0.59-0.92) 0.73 (0.52-1.03) 0.79 (0.56-1.13)

Chronic respiratory disease
No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Yes 1.21 (1.03-1.43) 1.24 (1.05-1.47) 1.17 (1.02-1.36) 1.25 (1.08-1.45) 1.24 (1.01-1.51) 1.31 (1.07-1.61)

History of myocardial infarction / angina pectoris
No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Yes 1.35 (0.80-2.28) 1.36 (0.79-2.34) 1.13 (0.71-1.79) 1.22 (0.75-1.97) 1.01 (0.49-2.08) 1.06 (0.51-2.22)

Education
No diploma 1 (ref.) 1 (ref) 1 (ref.) 1 (ref) 1 (ref.) 1 (ref)
Pre-bachelor degree 0.52 (0.38-0.72) 0.53 (0.38-0.73) 0.66 (0.49-0.89) 0.67 (0.50-0.91) 0.58 (0.39-0.86) 0.58 (0.39-0.86)
Undergraduate degree 0.39 (0.28-0.53) 0.39 (0.28-0.53) 0.58 (0.43-0.78) 0.58 (0.43-0.78) 0.51 (0.34-0.75) 0.50 (0.34-0.74)
Graduate degree 0.34 (0.25-0.46) 0.33 (0.24-0.46) 0.61 (0.45-0.81) 0.60 (0.45-0.80) 0.54 (0.37-0.80) 0.53 (0.36-0.77)
Post-graduate degree 0.40 (0.29-0.55) 0.42 (0.30-0.57) 0.91 (0.68-1.23) 0.93 (0.69-1.26) 0.78 (0.53-1.15) 0.78 (0.53-1.16)

Housing type
House 1 (ref.) 1 (ref) 1 (ref.) 1 (ref) 1 (ref.) 1 (ref)
Apartment 0.88 (0.80-0.98) 1.01 (0.91-1.12) 0.76 (0.70-0.83) 0.90 (0.82-0.99) 0.77 (0.68-0.87) 0.87 (0.76-0.99)
Long term care facility and social housing 1.21 (0.67-2.20) 1.26 (0.69-2.30) 0.87 (0.50-1.51) 0.95 (0.55-1.66) 1.18 (0.57-2.44) 1.30 (0.62-2.69)

Number of persons in the household
1 1 (ref.) 1 (ref) 1 (ref.) 1 (ref) 1 (ref.) 1 (ref)
2 1.07 (0.95-1.21) 1.02 (0.90-1.16) 1.18 (1.06-1.31) 1.10 (0.98-1.23) 1.11 (0.94-1.30) 1.02 (0.87-1.21)
3 1.37 (1.19-1.57) 1.07 (0.92-1.25) 1.56 (1.39-1.76) 1.21 (1.05-1.38) 1.44 (1.21-1.71) 1.08 (0.89-1.32)
4 1.67 (1.46-1.92) 1.20 (1.01-1.43) 2.03 (1.80-2.29) 1.41 (1.21-1.64) 1.75 (1.47-2.09) 1.17 (0.94-1.46)
5 1.79 (1.49-2.16) 1.22 (0.98-1.52) 1.97 (1.67-2.31) 1.33 (1.10-1.61) 1.64 (1.30-2.07) 1.06 (0.80-1.40)
6+ 3.17 (2.28-4.41) 2.12 (1.49-3.02) 3.10 (2.29-4.21) 2.19 (1.58-3.02) 2.38 (1.59-3.54) 1.59 (1.04-2.43)

Child in household attending daycare centre or looked after by a childminder
No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Yes 2.02 (1.66-2.46) 1.89 (1.55-2.32) 2.12 (1.77-2.54) 1.84 (1.53-2.22) 2.10 (1.68-2.63) 1.89 (1.50-2.39)

Child in household attending school
No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Yes 1.68 (1.53-1.85) 1.43 (1.26-1.63) 1.74 (1.60-1.89) 1.41 (1.26-1.58) 1.64 (1.45-1.85) 1.46 (1.24-1.71)

Health care worker
No 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Yes 2.19 (1.87-2.56) 2.80 (2.37-3.31) 1.66 (1.44-1.92) 2.10 (1.80-2.45) 1.90 (1.58-2.30) 2.33 (1.91-2.85)

History of past infection
No 1 (ref.) 1 (ref) 1 (ref.) 1 (ref) 1 (ref.) 1 (ref)
Indicated by virological test (>6 months) 0.25 (0.13-0.46) 0.24 (0.13-0.46) 0.15 (0.10-0.24) 0.16 (0.10-0.25) 0.26 (0.11-0.59) 0.26 (0.11-0.59)
Indicated by virological test (between 2 and 6 months) 0.18 (0.13-0.25) 0.17 (0.12-0.24) 0.12 (0.09-0.16) 0.12 (0.09-0.15) 0.18 (0.11-0.30) 0.17 (0.10-0.29)
Indicated by serological test 0.35 (0.14-0.86) 0.31 (0.12-0.76) 0.57 (0.30-1.11) 0.51 (0.26-0.99) 0.79 (0.30-2.08) 0.69 (0.26-1.81)
Suspected by clinician 0.60 (0.38-0.96) 0.61 (0.38-0.97) 0.70 (0.48-1.03) 0.70 (0.48-1.03) 0.65 (0.37-1.17) 0.65 (0.36-1.17)

History of vaccination***

Not vaccinated 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.) 1 (ref.)
Yes, completely vaccinated 0.19 (0.12-0.29) 0.12 (0.08-0.19) 0.20 (0.15-0.26) 0.14 (0.10-0.19) 0.35 (0.22-0.55) 0.23 (0.14-0.37)

* Adjusted for the matching variables (age, sex, region, population density and calendar week)
** Adjusted for the matching and all other variables (age, sex, region and agglomeration density of residence, calendar week, body mass index, high blood pressure, diabetes, history of chronic respiratory disease, history

of myocardial infarction and angina pectoris, education, housing type, number of people living in the household, number of children attending daycare or school, working as health care worker or not, and past history of
infection)
*** Participants with only one dose of vaccine, or within seven days of second dose, were excluded for this analysis
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adjustment would not work as expected. In this sensitivity analysis,
we removed cases and controls with past infection. The OR (95% CI)
for the association between complete vaccination and SARS-CoV-2
infection did not change: It was 0.11 (0.07-0.17) instead of 0.12
(0.08-0.19) for the historic virus, 0.14 (0.10-0.18) instead of 0.14
(0.10-0.19) for B.1.1.7, and 0.23 (0.14-0.37) instead of 0.23 (0.14-
0.37) for B.1.351/P.1.

Table 3 describes the protection associated with two doses of vac-
cines against different virus lineages, and by age category.

4. Discussion

In this nationwide case-control study in France, we found protec-
tion against COVID-19 seven days after a second dose of mRNA vac-
cine to be 88% against original virus, 86% against B.1.1.7, and 77%
against B.1.351/P.1 lineages. These findings align well with results
from clinical trials against the original viruses: 95% for BNT162b2
mRNA[24], and 94% for Moderna mRNA-1273[25] vaccines; and with
results from field evaluations of BNT162b2 mRNA vaccines: 94%
against a mix of original viruses and B.1.1.7 in Israel[11], 85%-89%
against a majority of B.1.1.7 in the United Kingdom[10,26], and 90%
and 75% against B.1.1.7 and B.1.351, respectively, in Qatar[16]. We
did not find difference in vaccine effectiveness by age, sex, or profes-
sional exposure through health care work.

The study also has an important contribution regarding history of
prior infection. We found protection against COVID-19 to range from
83% to 88% for recent (2 to 6 months) virologically documented infec-
tions, and from 74% to 84% for older (>6 months) infections. Here
again, the results are very similar to those obtained in several large
cohort studies: 84% in the UK SIREN health care workers study[27],
89% in the UK Oxford health care workers study[28], and 81% in the
Danish population-based study[29]. It should be noted that the his-
tory of past infection was based on the participant's recollection, and
not, particularly when reinfection was suspected, on clear identifica-
tion of two separate lineages by sequence separated by a specified
gap in time.

Our results are nonetheless limited by several factors. Firstly, the
low rate of participation of both cases and controls, resulting in a
study population that was younger, had more females, wealthier, and
likely more health-conscious compared to the intended source popu-
lation. This bias may have been attenuated during multivariable anal-
ysis, and the overall consistency of the findings with those in the
published literature increase our confidence in the results. Indeed,
several factors associated with higher risk of infection in our study
have previously been documented in other studies, such as an
increasing number of household members[30,31], having children
attending school[31�33], or being a health care worker[34]. Sec-
ondly, case-control studies for determining vaccine effectiveness
require careful selection of controls and adjustment for potential con-
founders[35]. Our reliance on recruitment of controls through a rep-
resentative panel from a professional market research and public
opinion company, combined with fine adjustment on age, sex, region,
population density, calendar week, and several other variables, seem
to have adequately responded to these requirements. It is of interest
that of all variables examined, many of them associated with the risk
of SARS-CoV-2 infection, only being a health care worker confounded
the association between vaccination and recent infection. Health care
workers, being at higher risk of infection due to occupation-related
exposure, and more likely to be vaccinated due to prioritisation of
COVID-19 vaccine deployment, should therefore be considered either
through adjustment or restriction in the analyses of vaccine effective-
ness in population-based studies. The case-control design, without
information on disease course, did not allow us to estimate the pro-
tection against severe forms of disease. However, a recent publication
has shown similar estimates of vaccine effectiveness against SARS-
CoV-2 infection (89.5% for infection with B.1.1.7 lineage and 75.0% for



T. Charmet et al. / The Lancet Regional Health - Europe 8 (2021) 100171 9
infection with B.1.351 lineage), which translated to very high vaccine
effectiveness (97%) against severe forms of COVID-19 following
14 days or more after two doses of BNT162b2 mRNAvaccine[16]. A
further limitation is the information available on the vaccine type
which prevented us from assessing vaccine effectiveness by type of
mRNA vaccine (BNT162b2 or mRNA-1273), vaccine effectiveness of
one dose of mRNA vaccine or of one dose of ChAdOx1 nCoV-19 vac-
cine. More specifically, we assumed that participants who received
two doses had received mRNA vaccines since the recommended
schedule did not allow second doses prior to 6 May 2021, i.e., one
week after the end of the study period. Looking at the national vac-
cine database, we observed that some individuals had received two
doses of ChAdOx1 nCoV-19 vaccine before 1 May 2021 despite the
recommendations. They represented only 30 077/6 502 183 (0.5%) of
all second doses and must have been very rare in the Eastern part of
France where the B.1.351 was first circulating and where the recom-
mendation was made to use mRNA vaccines for immunization as
early as February 2021. BNT162b2 and mRNA-1273 represented
89.8% and 9.7% of all second doses given, respectively. Although the
study power was large enough to identify as statistically significant
the protection conferred by past infection and vaccine against the
original virus and variants of concern, it was not sufficient to docu-
ment whether the protection was different across virus types. On-
going recruitment of participants may eventually show these differ-
ences with time if they are of epidemiological significance. Further,
the screening system initially focused on the detection of the B.1.1.7
and the B.1.351/P.1 lineages, has evolved over time with the inclusion
of the E484K target in some screening tests. Therefore, depending on
the combination of target mutations of the screening test used, classi-
fication of some variants could be inconsistent and occasionally
appear as original virus. However, nationwide surveillance data sug-
gest that B.1.351 was far more common in France during the study
period compared to P.1 or other variants containing mutations that
could contribute to reduced vaccine effectiveness[23]. Finally, the
data protection authority in France does not allow the collection of
data on ethnicity and for this reason, we have not been able to report
on risk of infection or vaccination by ethnicity.

Overall, we have been able to show that two doses of mRNA vac-
cines were effective against the original virus, the B.1.1.7 lineage, and
B.1.351/P.1 lineages. The results of our analysis are encouraging for
the ongoing COVID-19 mass vaccination campaign in France, for
which mRNA vaccines constitute the large majority of COVID-19 vac-
cine doses procured.[36] Despite the circulation of variants of con-
cern, the continued rollout of mRNA COVID-19 vaccines, following
the two-dose regimen, can be expected to reduce severe forms of
COVID-19, as well as symptomatic infections, as per the findings of
our analysis. Nonetheless, each of these variants currently circulating
in France have demonstrated increased transmissibility[37�39], so it
will be important that the COVID-19 mass vaccination efforts are
accompanied by public health and social measures that effectively
control SARS-COV-2 transmission until a substantial proportion of
the population has been fully vaccinated.
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