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A B S T R A C T   

Background: Widely documented psychological antecedents of vaccination are confidence in vaccines, compla
cency, convenience, calculation, collective responsibility (5C model) with the recent addition of confidence in 
the wider system and social conformism. While the capacity of these seven antecedents (7C) to explain variance 
in COVID-19 vaccine intentions has been previously documented, we study whether these factors also are asso
ciated with vaccine behaviours, beyond intentions. 
Methods: From February to June 2022, we recruited a sample of adults in France, including persons with notified 
recent SARS-CoV-2 infection, along with relatives and randomly selected non-infected persons. Participants 
completed self-administered questionnaires assessing COVID-19 vaccination history and the 7C antecedents. We 
defined vaccination behaviours as three outcomes: at-least-one-dose vaccine status by 2022 (N = 49,019), up-to- 
date vaccination status (N = 46,566), and uptake speed of first dose (N = 25,998). We conducted multivariable 
logistic regressions and Cox models. 
Results: Among the 49,019 participants, 95.0% reported receipt of at least one dose and 89.8% were up to date 
with recommendations. All 7C antecedents were significantly associated with the outcomes, although effects 
were weaker for up-to-date vaccination status and uptake speed. The strongest effects (most vs. least vaccine- 
favourable attitude level, at-least-one-dose vaccination status) were observed for collective responsibility (OR: 
14.44; 95%CI: 10.72–19.45), calculation (OR: 10.29; 95%CI: 7.53–14.05), and confidence in the wider system 
(OR: 8.94; 95%CI: 6.51–12.27). 
Conclusion: This study demonstrates that the 7C not only explain vaccine intention, but also vaccine behaviours, 
and underpins the importance of developing vaccine promotion strategies considering the 7C antecedents.   

1. Introduction 

COVID-19 vaccination is estimated to have prevented over 1.5 
million deaths in the WHO European region in the first year of COVID-19 
vaccinations [1]. Despite high vaccine accessibility, evidence of high 
effectiveness, and demonstration of good safety profile in population- 
based studies [2,3], global vaccine coverage among adults remained 
below 85 % in the 27 countries of the European Union. In the context of 
strong vaccine-incentive policies (i.e., obligation to hold a valid COVID- 
19 certificate, then transformed into a COVID-19 vaccination pass 

required to access leisure and cultural venues), vaccine coverage among 
French adults reached 92.4 % [4]. 

The majority of unvaccinated persons chose to remain unvaccinated, 
despite an appropriate vaccine offer [5]. In most populations, vaccine 
acceptance and refusal varied by vaccine type [6] (mRNA vs. viral- 
vector vaccines) and were related to sociodemographic determinants, 
such as age, gender, and educational attainment [7,8]. 

Over the last decade, several concepts have emerged to identify 
factors that help understanding vaccine acceptance beyond socio
demographic factors. Early models described vaccine uptake similar to 
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other health behaviours as a function of health literacy, social norms, 
and self-efficacy [9,10] Vaccine hesitancy was defined as a “delay in 
acceptance or refusal of vaccination despite availability of vaccination 
services” [11]. Vaccination readiness – a positive formulation – has more 
recently been coined to describe a constellation of psychological factors 
that increase or decrease an individual’s intention of getting vaccinated 
[12]. 

Widely documented psychological antecedents of vaccination are 
confidence in vaccine, complacency, and convenience (3C model [11]) 
as well as calculation and collective responsibility (5C model [13]). As 
part of extended 7C models, additional factors have been proposed by 
Geiger and colleagues (2022) [12] and Moirangthem and colleagues 
(2022) [14], and include confidence in the wider system (beyond 
vaccination), reactance or specific adherence to conspiracy theories, and 
social conformism or adherence to social norms. The capacity of the 5C- 
and 7C-model’s antecedents to explain the variance in vaccine intention 
has been documented in various populations and for several vaccines, 
including influenza, pneumococcal disease, shingles, HPV, and COVID- 
19 [14–17]. For example, in a study conducted among French health
care workers at the beginning of the COVID-19 vaccine roll-out, the 7C 
antecedents explained 65 % of the variance in COVID-19 vaccine 
intention [14]. Less is known in how far these antecedents are associated 
with actual vaccine behaviour, and whether speed of vaccine uptake 
shows the same associations – an aspect which is of relevance for the 
management of epidemic response vaccine campaigns. 

In this article, we therefore evaluate the socio-demographic de
terminants and 7C psychological antecedents of COVID-19 vaccination 
with regard to three outcomes: receipt of at least one dose by 2022, 
speed of first-dose uptake, and level of adherence to booster recom
mendations by 2022. 

2. Results 

A total of 49,200 (30.4 %) eligible “ComCor” participants completed 
the “Cognitiv” questionnaire, including 44,881 recently infected, 3,099 
non-infected persons, and 1,220 relatives. COVID-19 vaccine coverage 
was 95.0 % for at-least-one-dose and 87.8 % for up-to-date vaccination 
status (Table 1). Overall, 12,223 participants were vaccinated prior to 
eligibility and 392 on the day of eligibility. These early vaccinators were 
younger, higher educated, and had a lower tendency to have comor
bidities (data not shown). The median delay from eligibility to first dose 
was 38 days, excluding individuals who were vaccinated prior to or on 
the day of eligibility. 

In bivariable analysis, the prevalence of vaccination increased with 
age, education level, professional qualification level, and the presence of 
at least one comorbidity (Table 1). Similarly, these factors were asso
ciated with complete vaccination, while only education and professional 
qualification levels were associated with delays between eligibility and 
1-dose vaccine uptake (Table 1). 

In models including all socio-demographic variables and comorbid
ities (Table 2), higher age was significantly and strongly associated with 
at-least-one-dose and up-to-date vaccination status, but only weakly 
with uptake speed. Female sex was weakly associated with faster uptake 
speed, but not with at-least-one-dose nor up-to-date vaccination status. 
Higher diploma categories were significantly associated with the three 
outcomes. Compared to employees, several professional categories were 
significantly more likely to be (quickly) vaccinated (e.g., senior execu
tive and intermediate professions), and labourers less likely. The pres
ence of at least one comorbidity was associated with vaccination status 
and speed. 

In analyses adjusting for socio-economic characteristics and comor
bidities, all 7C antecedents were significantly associated with vaccina
tion status and uptake speed (Table 3). For at-least-one-dose vaccination 
status, the strongest effect sizes (most vaccine-favourable vs. least 
vaccine-favourable attitude level) were observed for collective re
sponsibility (the perception of vaccination as a collective action, OR: 

14.44; 95 %CI: 10.72–19.45), calculation (positive perception of vac
cination’s benefits-risks balance, OR: 10.29; 95 %CI: 7.53–14.05), and 
confidence in system (feeling encouraged by government’s incitation to 
get vaccinated, OR: 8.94; 95 %CI: 6.51–12.27; Table 3). Weaker effect 
sizes were observed for confidence in vaccine (the absence of fear of 
vaccination side effects, OR: 3.70; 95 %CI: 2.95–4.64) and low com
placency (the fear of severe forms of COVID-19, OR: 1.87; 95 %CI: 
1.49–2.34). Two antecedents showed particular associations with at- 
least-one-dose vaccination status: first, indecision regarding access 
convenience (perception of no practical difficulties to get an appoint
ment) was associated with lower vaccine uptake (OR: 0.06; 95 %CI: 
0.04–0.10). Secondly, describing a favourable majority opinion towards 
COVID-19 vaccination in one’s close social environment (antecedent 
item referring to social conformism) was negatively associated with ≥1- 
dose vaccination status (OR: 0.69; 95 %CI: 0.52–0.93). 

Most 7C antecedents showed similar associations with up-to-date 
vaccination status and uptake speed, however with substantially lower 
magnitude (Table 3). Notably, describing a favourable majority opinion 
in one’s close environment was positively associated with up-to-date 
vaccination status (OR: 1.34; 95 %CI: 1.07–1.68) and uptake speed 
(OR: 1.24; 95 %CI: 1.14–1.34). 

For at-least-one-dose vaccination status, the combination of the most 
and second-to-most favourable attitude levels resulted in a higher odds 
ratio for calculation (OR: 11.27; 95 %CI: 9.06–14.01; Supplementary 
Table 2) than for collective responsibility (OR: 6.32; 95 %CI: 5.34–7.47; 
Supplementary Table 2), while collective responsibility had the highest 
OR when considering separately the one most favourable level (Table 3). 
Delays from eligibility date to vaccination varied substantially across 
levels of 7C antecedents. For example, median delays ranged from 30 to 
68 days from most to least favourable level of calculation, from 31 to 76 
days for collective responsibility, and from 32 to 78 days for confidence 
in system (Fig. 1). 

Overall, models with the 7C antecedents and sociodemographic 
variables explained 58.9 % and 23.4 %, respectively, of variance in at- 
least-one-dose and up-to-date vaccination status. 

Models including only the 7C psychological antecedents and not 
socio-demographic factors showed similar results (Supplementary 
Table 3). 

3. Discussion 

In this study, conducted in a large sample of adults in France in early 
2022, we found that beyond sociodemographic factors and the presence 
of comorbidities, several of the 7C psychological antecedents, in 
particular calculation, collective responsibility, and confidence in the 
wider system (evaluated as reactance against the government), were 
strongly associated with COVID-19 vaccination behaviours, and that 
these antecedents applied to uptake speed of first the dose following 
eligibility as well. 

3.1. Predicting vaccination behaviours beyond intentions 

Intentions do not always translate into behaviours [18–20], a phe
nomenon called the “intention-behaviour gap” [21,22]. The COVID-19 
vaccination campaign in early 2022 in France provided a particular 
situation in which vaccination was widely accessible, and intentions 
could be translated into actions with little to no extrinsic barriers. 
However, COVID-19 vaccine uptake in France did not necessarily imply 
genuine intention, due to the introduction of vaccination requirements 
to access public spaces. Refusal of any COVID-19 vaccination, assessed 
in our study through at-least-one-dose vaccination status, relates to 
strong opposition against COVID-19 vaccination, encountered in only 
5.0 % of participants. A more nuanced behaviour is the adherence to 
booster dose recommendations, represented by up-to-date vaccination 
status, which lacked in 10.2 % of participants. Both behaviours occurred 
under a strong incentive for booster vaccination imposed by the vaccine 
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Table 1 
Description of participant characteristics (sociodemographic, comorbidities, and the 7C psychological antecedents), by outcome status. Cognitiv study. France, 24 
February 2022 – 19 June 2022 (N = 49,019 adults).   

Unvaccinated (no 
dose) 

Vaccinated but not up to date (1 
dose or 2 doses without infection) 

Vaccinated and up to date (2 doses 
with infection, 3 doses or 4 doses) 

All 
participants 

Median time from eligibility to 
first-dose vaccination (days) 

Total 2,453 
(5.0 %) 

2,564 
(5.2 %) 

44,002  
(89.8 %) 

49,019  
(100.0 %) 

25,998 

Recently Infected 2,101 
(4.7 %) 

2,351 
(5.3 %) 

40,261 
(90.0 %) 

44,713 
(100.0 %) 

37 

Relatives 23 
(1.9 %) 

28 
(2.3 %) 

1,168 
(95.8 %) 

1,219 
(100.0 %) 

29 

Non-Infected 329 
(10.7 %) 

185 
(6.0 %) 

2,573 
(83.4 %) 

3,087 
(100.0 %) 

49.5  

Age category (years) p < 0.001  
18–28 235 

(7.6 %) 
249 
(8.0 %) 

2,624 
(84.4 %) 

3,108  
(100.0 %) 

40 

29–38 684 
(8.3 %) 

663 
(8.0 %) 

6,932 
(83.7 %) 

8,279  
(100.0 %) 

41 

39–48 617 
(5.2 %) 

670 
(5.7 %) 

10,571 
(89.2 %) 

11,858  
(100.0 %) 

33 

49–58 533 
(4.5 %) 

549 
(4.6 %) 

10,826 
(90.9 %) 

11,908  
(100.0 %) 

39 

59–68 281 
(3.2 %) 

339 
(3.8 %) 

8,224 
(93.0 %) 

8,844  
(100.0 %) 

37 

69+ 103 
(2.1 %) 

94 
(1.9 %) 

4,825 
(96.1 %) 

5,022  
(100.0 %) 

39  

Sex    p < 0.001  
Male 573 

(4.0 %) 
621 
(4.4 %) 

13,040 
(91.6 %) 

14,234 
(100.0 %) 

35 

Female 1 880 
(5.4 %) 

1 943 
(5.6 %) 

30,962 
(89.0 %) 

34,785 
(100.0 %) 

39  

Diploma category p < 0.001  
Inf. Baccalaureate 529 

(8.2 %) 
449 
(7.0 %) 

5,441 
(84.8 %) 

6,419 
(100.0 %) 

50 

Bac. [1] or equivalent 615 
(7.3 %) 

541 
(6.4 %) 

7,274 
(86.3 %) 

8,430 
(100.0 %) 

45 

Bac + 2 to Bac + 4 907 
(4.6 %) 

1,005 
(5.1 %) 

17,751 
(90.3 %) 

19,663 
(100.0 %) 

37 

Bac + 5 to Bac + 8 402 
(2.8 %) 

569 
(3.9 %) 

13,536 
(93.3 %) 

14,507 
(100.0 %) 

30  

Professional category p < 0.001  
Employee 654 

(8.6 %) 
605 
(7.9 %) 

6,371 
(83.5 %) 

7,630 
(100.0 %) 

45 

Independent profession 105 
(9.8 %) 

80 
(7.5 %) 

888 
(82.7 %) 

1,068 
(100.0 %) 

40 

Senior executive 490 
(3.2 %) 

666 
(4.3 %) 

14,258 
(92.5 %) 

15,414 
(100.0 %) 

30 

Intermediate profession 439 
(4.3 %) 

542 
(5.3 %) 

9,189 
(90.4 %) 

10,170 
(100.0 %) 

45 

Farmer 4 
(16.0 %) 

4 
(16.0 %) 

17 
(68.0 %) 

25 
(100.0 %) 

61 

Blue-collar worker 184 
(13.8 %) 

148 
(11.1 %) 

1,000 
(75.1 %) 

1,332 
(100.0 %) 

53 

Pensioner 263 
(2.6 %) 

272 
(2.7 %) 

9,727 
(94.8 %) 

10,262 
(100.0 %) 

37 

Student 54 
(5.2 %) 

65 
(6.3 %) 

912 
(88.5 %) 

1,031 
(100.0 %) 

37 

Inactive 260 
(12.5 %) 

182 
(8.7 %) 

1,645 
(78.8 %) 

2,087 
(100.0 %) 

45  

Country of birth p < 0.001  
France 2,285 

(5.0 %) 
2,342 
(5.1 %) 

40,990 
(89.9 %) 

45,617 
(100.0 %) 

38 

Abroad 154 
(4.7 %) 

210 
(6.4 %) 

2,930 
(89.0 %) 

3,294 
(100.0 %) 

35 

Not answered 14 
(13.0 %) 

12 
(11.1 %) 

82 
(75.9 %) 

108 
(100.0 %) 

43.5  

Comorbidity[2]    p < 0.001  

(continued on next page) 
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Table 1 (continued )  

Unvaccinated (no 
dose) 

Vaccinated but not up to date (1 
dose or 2 doses without infection) 

Vaccinated and up to date (2 doses 
with infection, 3 doses or 4 doses) 

All 
participants 

Median time from eligibility to 
first-dose vaccination (days) 

No comorbidity 1,896 
(5.4 %) 

1,959 
(5.6 %) 

31,316 
(89.0 %) 

35,172 
(100.0 %) 

31 

1 + comorbidity 514 
(3.9 %) 

562 
(4.2 %) 

12,265 
(91.9 %) 

13,341 
(100.0 %) 

50 

Not answered 43 
(8.2 %) 

43 
(8.2 %) 

421 
(79.9 %) 

506 
(100.0 %) 

44  

Calculation (perception of more benefits than risks with COVID-19 vaccination) p < 0.001  
Completely disagree 1,381 

(45.0 %) 
424 
(13.8 %) 

1,265 
(41.2 %) 

3,070 
(100.0 %) 

68 

Rather disagree 444 
(17.7 %) 

373 
(14.9 %) 

1,692 
(67.4 %) 

2,509 
(100.0 %) 

62 

Does not know 422 
(6.7 %) 

852 
(13.4 %) 

5,054 
(80.0 %) 

6,328 
(100.0 %) 

58 

Rather agree 63 
(0.6 %) 

494 
(4.7 %) 

10,042 
(94.7 %) 

10,599 
(100.0 %) 

40 

Completely agree 70 
(0.3 %) 

380 
(1.5 %) 

25,261 
(98.3 %) 

25,711 
(100.0 %) 

30 

Not answered 73 
(9.1 %) 

41 
(5.1 %) 

688 
(85.8 %) 

802 
(100.0 %) 

41  

Collective responsibility (perception of COVID-19 vaccination as a collective action) p < 0.001  
Completely disagree 1,253 

(45.1 %) 
448 
(16.1 %) 

1,077 
(38.8 %) 

2,778 
(100.0 %) 

76 

Rather disagree 488 
(22.7 %) 

366 
(17.0 %) 

1,299 
(60.3 %) 

2,153 
(100.0 %) 

67 

Does not know 359 
(12.6 %) 

457 
(16.0 %) 

2,042 
(71.5 %) 

2,858 
(100.0 %) 

65 

Rather agree 200 
(2.3 %) 

630 
(7.1 %) 

8,046 
(90.7 %) 

8,876 
(100.0 %) 

45 

Completely agree 73 
(0.2 %) 

616 
(2.0 %) 

30,737 
(97.8 %) 

31,426 
(100.0 %) 

31 

Not answered 80 
(8.6 %) 

47 
(5.1 %) 

801 
(86.3 %) 

928 
(100.0 %) 

42  

Confidence in system (positive perception of the government’s incitation to get vaccinated against COVID-19) p < 0.001  
Deters from vaccination 1,024 

(33.8 %) 
574 
(19.0 %) 

1,428 
(47.2 %) 

3,026 
(100.0 %) 

78 

No effect 1,376 
(6.5 %) 

1,461 
(7.0 %) 

18,193 
(86.5 %) 

21,030 
(100.0 %) 

43 

Encourages vaccination 53 
(0.2 %) 

529 
(2.1 %) 

24,381 
(97.7 %) 

24,963 
(100.0 %) 

32  

Confidence in vaccine (absence of fear of COVID-19 vaccination side effects) p < 0.001  
Completely disagree 1,276 

(26.1 %) 
724 
(14.8 %) 

2,895 
(59.1 %) 

4,895 
(100.0 %) 

63 

Rather disagree 563 
(7.6 %) 

744 
(10.1 %) 

6,083 
(82.3 %) 

7,390 
(100.0 %) 

50 

Does not know 244 
(3.1 %) 

450 
(5.7 %) 

7,266 
(91.3 %) 

7,960 
(100.0 %) 

43 

Rather agree 119 
(0.9 %) 

367 
(2.9 %) 

12,172 
(96.2 %) 

12,658 
(100.0 %) 

33 

Completely agree 166 
(1.1 %) 

249 
(1.6 %) 

15,387 
(97.4 %) 

15,802 
(100.0 %) 

30 

Not answered 85 
(27.1 %) 

30 
(9.6 %) 

199 
(63.4 %) 

314 
(100.0 %) 

65  

Social conformism (majority opinion towards COVID-19 vaccination in one’s close social environment) p < 0.001  
Very sceptical 526 

(29.0 %) 
276 
(15.2 %) 

1,013 
(55.8 %) 

1,815 
(100.0 %) 

72 

Rather sceptical 468 
(13.9 %) 

462 
(13.7 %) 

2,449 
(72.5 %) 

3,379 
(100.0 %) 

59 

Equal share of sceptical 
and favourable 

900 
(9.7 %) 

872 
(9.4 %) 

7,559 
(81.0 %) 

9,331 
(100.0 %) 

50 

Rather favourable 446 
(2.2 %) 

720 
(3.6 %) 

18,907 
(94.2 %) 

20,073 
(100.0 %) 

35 

Very favourable 113 
(0.8 %) 

234 
(1.6 %) 

14,074 
(97.6 %) 

14,421 
(100.0 %) 

28  

Convenience (perception of no practical difficulties to get an appointment for COVID-19 vaccination) p < 0.001  

(continued on next page) 
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pass: a COVID-19 sanitary pass, then turned COVID-19 vaccination 
certificate, was required to access national and international trans
portations as well as leisure and cultural venues. By contrast, uptake 
speed of first dose covers mainly a period during which no strong 
incentive (health pass) to vaccination existed in France and occurred on 
average 44 and 40 days after eligibility among adults aged 18–29 and 
above 69, respectively. This outcome represents a finer nuance of 
vaccination eagerness during the acute epidemic phase. 

Higher effects sizes for at-least-one-dose compared to up-to-date 
vaccination status may be explained by the greater contrast of persons 
refusing any dose of COVID-19 vaccine despite steady incentives and 
high accessibility. Although the hazard ratios of uptake speed were 
closer to the null than the odds ratios of at-least-one-dose and up-to-date 
vaccination status, the according effects should not be interpreted as 
smaller, as these effect measures cannot be directly compared. 

Median delays from eligibility to uptake were longer by 38, 45, and 
46 days for least vs. most favourable levels of calculation, collective 
responsibility, and confidence in system, respectively. This suggests that 
not only the 7C psychological antecedents influence vaccination status, 
but that they also consistently impact the speed at which individuals 
engage in vaccination during epidemics. These differences in vaccine 
uptake speed are of practical importance for the implementation of 
future vaccine campaigns, especially in epidemic contexts when the 
response speed is crucial to contain the spread of viruses. 

From a scientific and public health perspective, intentions, up-to- 
date vaccination status and uptake speed are distinct relevant out
comes, and their exploration allows for a more precise understanding of 
barriers to successful vaccine programmes. Surprisingly, the antecedents 
of calculation, collective responsibility, and confidence in system 
showed similar strong associations with the three outcomes, which tends 
to underscore their general importance in vaccine decisions during 
COVID-19 epidemic response. 

Taken together, our results on these three distinct outcomes 

improves the understanding of vaccine acceptance and refusal: indi
vidual attitudes around vaccination explained not only COVID-19 vac
cine intentions, but also actual decisions to receive vaccination and even 
the delay between eligibility and vaccination. 

3.2. Confidence in system, collective responsibility, and calculation 

The outstanding role of confidence in system, collective re
sponsibility, and calculation in vaccine decisions is consistent with 
previous research that found these antecedents to be strong de
terminants of intentions to vaccinate against COVID-19 [14,17]. 

The importance of confidence in system corroborates previous 
research by Moirangthem and colleagues [14] which showed that the 
expansion of the 5C model with confidence in system and social 
conformism significantly improved the model’s quality. In this study, 
the effect sizes of corresponding items were among the strongest in 
multivariable analysis. Confidence in national authorities has become a 
foremost characteristic polarising the population during the COVID-19 
epidemic [23] that impacts individuals’ adherence to prevention, con
trol measures, and vaccination. Consistently, research found that low 
vaccination intentions predicted psychological reactance to vaccination 
policies, eliciting behaviours that opposed these regulations [24,25]. 
Vaccine recommendation and incentive may, in some individuals, 
encounter reactance, which refers to negative emotion that elicits the 
motivation to reassert otherwise restricted freedom [26]. Such 
perceived restrictions of freedom may arise from hierarchal relations, or 
from mandates or related policies. It should be noted, however, that 
although the effects of confidence in system have been described for 
other vaccinations, such as influenza [15], they have likely been 
enhanced by the COVID-19 epidemic situation and might be lower in 
other vaccination contexts. 

The importance of collective responsibility is also consistent with 
previous research, as it was associated with stronger intention to be 

Table 1 (continued )  

Unvaccinated (no 
dose) 

Vaccinated but not up to date (1 
dose or 2 doses without infection) 

Vaccinated and up to date (2 doses 
with infection, 3 doses or 4 doses) 

All 
participants 

Median time from eligibility to 
first-dose vaccination (days) 

Completely disagree 24 
(2.2 %) 

82 
(7.5 %) 

992 
(90.4 %) 

1,098 
(100.0 %) 

45 

Rather disagree 27 
(0.8 %) 

195 
(5.6 %) 

3,284 
(93.7 %) 

3,506 
(100.0 %) 

39 

Does not know 739 
(31.0 %) 

185 
(7.8 %) 

1,459 
(61.2 %) 

2,383 
(100.0 %) 

43 

Rather agree 204 
(1.9 %) 

538 
(4.9 %) 

10,308 
(93.3 %) 

11,050 
(100.0 %) 

37 

Completely agree 1,110 
(3.7 %) 

1,512 
(5.0 %) 

27,695 
(91.4 %) 

30,317 
(100.0 %) 

37 

Not answered 349 
(52.5 %) 

52 
(7.8 %) 

264 
(39.7 %) 

665 
(100.0 %) 

64  

Low complacency (fear of severe forms of COVID-19 disease) p < 0.001  
Completely disagree 986 

(10.9 %) 
622 
(6.9 %) 

7,442 
(82.2 %) 

9,050 
(100.0 %) 

40 

Rather disagree 540 
(4.5 %) 

611 
(5.1 %) 

10,816 
(90.4 %) 

11,967 
(100.0 %) 

35 

Does not know 374 
(5.0 %) 

417 
(5.6 %) 

6,720 
(89.5 %) 

7,511 
(100.0 %) 

40 

Rather agree 295 
(2.5 %) 

519 
(4.5 %) 

10,806 
(93.0 %) 

11,620 
(100.0 %) 

37 

Completely agree 185 
(2.2 %) 

362 
(4.3 %) 

7,923 
(93.5 %) 

8,470 
(100.0 %) 

37 

Not answered 73 
(18.2 %) 

33 
(8.2 %) 

295 
(73.6 %) 

401 
(100.0 %) 

51 

Reading grid: Results are presented as n (%). Percentages refer to the total in each row, for instance among individuals aged 18–28, 235 (7.6 %) did not receive any dose of 
COVID-19 vaccine, 249 (8.0 %) received an incomplete vaccination, and 44,002 (87.8 %) were fully vaccinated. The median delay for this subgroup to receive their first dose of 
COVID-19 vaccine was 40 days. 

1 “Bac.” refers to Baccalaureate, that is, the academic degree granting completion of secondary education in France. 
2 Data on comorbidities was available for immunodepression, diabetes, high blood pressure, history of myocardial infarction/angina pectoris, and chronic respi

ratory disease. 
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vaccinated against COVID-19 in Hong Kong [27] and France [14,28]. 
Vaccination is both an individual preventative behaviour and a prosocial 
act [29], as it not only provides direct personal benefits to vaccinated 
individuals, but also indirect social benefits to unvaccinated others. In 
this sense, collective responsibility captures the willingness to protect 
others by one’s own vaccination by means of herd immunity [30]. The 
importance of collective responsibility is not specific to COVID-19 
vaccination, as a systematic review found that 29 out of 470 studies 
identified social benefit (e.g., collective responsibility) as a significant 
influence on influenza vaccine uptake [31]. Several empirical studies 
additionally found that people with higher levels of collective re
sponsibility showed increased vaccination intentions and reported more 
vaccine uptake [12,14,32]. 

Consistently with our results, previous models already proposed that 
non-vaccination could result from utility calculation and the degree of 
rational calculation that individuals engage in before deciding [33]. In 
our study, we focussed on the favourable perception of vaccine’s benefit- 
risk balance, which was the strongest antecedent of COVID-19 vaccine 

intention among French healthcare sector professionals [14]. Other 
research has suggested that strategic behaviour plays a role in vacci
nation decision making [30,34–39]. Such calculation may induce non- 
vaccination. 

The strong association of calculation with at-least-one-dose vacci
nation status for both the most favourable and second-to-most favour
able attitude levels may be explained by the gradual nature of the 
perceived benefits-risks balance. Conversely, collective responsibility 
may be regarded as a more polarised dimension, especially given the 
emphasis of the French vaccination promotion campaign on presenting 
COVID-19 vaccination as a collective action. The surprising negative 
association between at-least-one-dose vaccination status and a favour
able environment (inverse social conformism) may be explained by the 
fact that our survey was conducted during a late phase of the vaccination 
campaign, after when strong incentives and a change in social norms 
had operated: non-vaccinated individuals may have felt highly isolated 
and consistently reported others as favourable. As such, asking about the 
influence of one’s close environment in 2022 may not be relevant for 

Table 2 
Associations between sociodemographic factors and comorbidities and the three vaccination outcomes (at-least-one-dose vaccination status, up-to-date vaccination 
status, and uptake speed) among adults. Multivariable logistic and Cox proportional hazard models including socio-demographic characteristics and comorbidity. 
Cognitiv study. France, 24 February 2022 - 19 June 2022 (N = 49,019 adults).   

At-least-one-dose vaccination status 
(N = 49,019) 

Up-to-date vaccination status 
(N = 46,566) 

Uptake speed 
(N = 25,998) 

OR 95 % Confidence Interval p-value OR 95 % Confidence Interval p-value HR 95 % Confidence Interval p-value 

Age category (years) 
18–28  1.00 − − 1.00 − − 1.00 − −

29–38  0.95 0.80–1.12 0.523  1.04 0.88–1.22 0.675  0.97 0.91–1.03 0.338 
39–48  1.55 1.31–1.84 <0.001  1.58 1.34–1.87 <0.001  1.18 1.11–1.25 <0.001 
49–58  1.96 1.65–2.34 <0.001  2.09 1.76–2.49 <0.001  1.07 1.01–1.14 0.031 
59–68  2.60 2.06–3.29 <0.001  2.18 1.76–2.71 <0.001  1.18 1.01–1.16 0.029 
69+ 3.68 2.63–5.15 <0.001  3.97 2.86–5.86 <0.001  1.04 0.96–1.13 0.341  

Sex 
Male  1.00 − − 1.00 − − 1.00 − −

Female  0.97 0.88–1.08 0.619  0.97 0.88–1.07 0.519  0.93 0.90–0.96 <0.001  

Diploma category 
Inf. Baccalaureate  1.00 − − 1.00 − − 1.00 − −

Bac. [1] or equivalent  1.18 1.04–1.33 0.012  1.20 1.05–1.37 0.008  1.09 1.04–1.14 <0.001 
Bac + 2 to Bac + 4  1.63 1.44–1.84 <0.001  1.44 1.27–1.63 <0.001  1.25 1.20–1.30 <0.001 
Bac + 5 to Bac + 8  2.66 2.27–3.11 <0.001  1.97 1.69–2.29 <0.001  1.39 1.33–1.46 <0.001  

Professional category 
Employee  1.00 − − 1.00 − − 1.00 − −

Independent profession  0.72 0.58–0.90 0.003  0.91 0.71–1.16 0.450  1.02 0.93–1.12 0.688 
Senior executive  1.76 1.53–2.02 <0.001  1.48 1.29–1.69 <0.001  1.18 1.13–1.23 <0.001 
Intermediate profession  1.72 1.51–1.96 <0.001  1.41 1.25–1.60 <0.001  0.89 0.85–0.93 <0.001 
Farmer  0.49 0.16–1.44 0.194  0.41 0.14–1.24 0.115  0.76 0.46–1.26 0.283 
Labourer  0.67 0.56–0.80 <0.001  0.70 0.57–0.85 <0.001  0.90 0.83–0.98 0.014 
Pensioner  1.43 1.12–1.82 0.004  1.70 1.31–2.06 <0.001  1.30 1.22–1.38 <0.001 
Student  2.13 1.57–2.91 <0.001  1.79 1.34–2.39 <0.001  1.13 1.03–1.25 0.014 
Inactive  0.57 0.48–0.66 <0.001  0.76 0.63–0.90 0.002  0.98 0.92–1.05 0.616  

Country of birth 
France  1.00 − − 1.00 − − 1.00 − −

Abroad  0.89 0.75–1.06 0.191  0.68 0.59–0.79 <0.001  1.00 0.96–1.06 0.854 
Not answered  0.40 0.22–0.72 0.002  0.44 0.24–0.82 0.010  0.83 0.62–1.10 0.192  

Comorbidity[2] 
No comorbidity  1.00 − − 1.00 − − 1.00 − −

1 + comorbidity  1.33 1.20–1.48 <0.001  1.19 1.08–1.32 <0.001  0.72 0.70–0.74 <0.001 
Not answered  0.80 0.57–1.11 0.175  0.69 0.50–0.96 0.028  0.82 0.72–0.93 0.002 

Reading grid: The OR of the association between age and at-least-one-dose vaccination status was 0.95 (n.s.) for individuals between 29–38 with respect to individuals between 18 
and 28. OR, odds ratio; HR, hazard ratio. 

1 “Bac.” refers to Baccalaureate, that is, the academic degree granting completion of secondary education in France. 
2 Data on comorbidities was available for immunodepression, diabetes, high blood pressure, history of myocardial infarction/angina pectoris, and chronic respi

ratory disease. 
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Table 3 
Associations between the seven antecedents of vaccination (7C) and the three vaccination outcomes (at-least-one-dose vaccination status, up-to-date vaccination status, and uptake speed) among adults. Multivariable 
logistic and Cox proportional hazard models including socio-demographic characteristics, comorbidity, and the 7C antecedents. Cognitiv study. France, 24 February 2022 - 19 June 2022 (N = 49,019 adults).   

At-least-one-dose vaccination status 
(N = 49,019) 

Up-to-date vaccination status 
(N = 46,566) 

Uptake speed 
(N = 25,998) 

OR 95 % Confidence Interval p-value OR 95 % Confidence Interval p-value HR 95 % Confidence Interval p-value 

Calculation (perception of more benefits than risks with COVID-19 vaccination) 
Completely disagree 1.00 − ¡ 1.00 − ¡ 1.00 − ¡

Rather disagree 2.14 1.81–2.53 <0.001 1.22 1.02–1.46 0.033 1.04 0.95–1.13 0.421 
Does not know 4.53 3.81–5.38 <0.001 1.24 1.05–1.46 0.013 1.05 0.97–1.13 0.255 
Rather agree 14.88 11.06–20.01 <0.001 2.04 1.70–2.45 <0.001 1.18 1.09–1.28 <0.001 
Completely agree 10.29 7.53–14.05 <0.001 3.14 2.56–3.86 <0.001 1.31 1.21–1.42 <0.001 
Not answered 3.37 2.25–5.05 <0.001 1.83 1.20–2.78 0.005 1.16 1.01–1.34 0.033  

Collective responsibility (perception of COVID-19 vaccination as a collective action) 
Completely disagree 1.00 − ¡ 1.00 − ¡ 1.00 − ¡

Rather disagree 1.27 1.07–1.50 0.006 1.18 0.98–1.41 0.078 1.05 0.96–1.15 0.298 
Does not know 2.08 1.74–2.49 <0.001 1.40 1.18–1.68 <0.001 1.10 1.01–1.20 0.033 
Rather agree 4.25 3.47–5.21 <0.001 2.22 1.87–2.63 <0.001 1.27 1.18–1.38 <0.001 
Completely agree 14.44 10.72–19.45 <0.001 3.63 3.03–4.36 <0.001 1.44 1.33–1.56 <0.001 
Not answered 2.66 1.82–3.87 <0.001 2.26 1.53–3.34 <0.001 1.32 1.16–1.51 <0.001  

Confidence in system (positive perception of the government’s incitation to get vaccinated against COVID-19) 
Deters from vaccination 1.00 − ¡ 1.00 − ¡ 1.00 − −

No effect 1.35 0.19–1.54 <0.001 1.58 1.39–1.80 <0.001 1.22 1.15–1.30 <0.001 
Encourages vaccination 8.94 6.51–12.27 <0.001 2.55 2.18–2.99 <0.001 1.39 1.30–1.48 <0.001  

Confidence in vaccine (absence of fear of COVID-19 vaccination side effects) 
Completely disagree 1.00 − ¡ 1.00 − − 1.00 − ¡

Rather disagree 1.72 1.48–2.00 <0.001 1.34 1.18–1.52 <0.001 1.12 1.06–1.19 <0.001 
Does not know 2.65 2.18–3.21 <0.001 1.94 1.68–2.24 <0.001 1.19 1.13–1.26 <0.001 
Rather agree 3.77 2.96–4.80 <0.001 2.42 2.07–2.83 <0.001 1.33 1.26–1.40 <0.001 
Completely agree 3.70 2.95–4.64 <0.001 3.93 3.28–4.70 <0.001 1.40 1.33–1.48 <0.001 
Not answered 1.49 1.01–2.21 0.046 1.62 1.03–2.55 0.035 1.07 0.89–1.29 0.468  

Social conformism (majority opinion towards COVID-19 vaccination in one’s close social environment) 
Very sceptical 1.00 − ¡ 1.00 − ¡ 1.00 − ¡

Rather sceptical 0.84 0.69–1.02 0.075 0.75 0.62–0.91 0.003 0.96 0.88–1.05 0.363 
Equal share of sceptical and favourable 0.69 0.57–0.82 <0.001 0.82 0.68–0.97 0.023 1.02 0.94–1.10 0.618 
Rather favourable 0.72 0.59–0.88 0.001 1.11 0.92–1.34 0.264 1.17 1.08–1.26 <0.001 
Very favourable 0.69 0.52–0.93 0.013 1.34 1.07–1.68 0.011 1.24 1.14–1.34 <0.001  

Convenience (perception of no practical difficulties to get an appointment for COVID-19 vaccination) 
Completely disagree 1.00 − ¡ 1.00 − − 1.00 − ¡

Rather disagree 1.90 1.03–3.50 0.041 1.28 0.95–1.72 0.100 1.16 1.06–1.27 0.001 
Does not know 0.06 0.04–0.10 <0.001 0.89 0.65–1.20 0.432 1.13 1.01–1.25 0.028 
Rather agree 0.60 0.37–0.98 0.040 1.29 0.99–1.69 0.062 1.15 1.06–1.25 0.001 
Completely agree 0.40 0.25–0.64 <0.001 1.11 0.86–1.44 0.417 1.11 1.02–1.21 0.012 
Not answered 0.05 0.03–0.08 <0.001 0.74 0.48–1.14 0.174 1.00 0.85–1.19 0.958  

Low complacency (fear of severe forms of COVID-19 disease) 
Completely disagree 1.00 − ¡ 1.00 − ¡ 1.00 − ¡

Rather disagree 0.98 0.83–1.16 0.836 1.12 0.98–1.28 0.097 1.11 1.07–1.16 <0.001 
Does not know 1.30 1.08–1.56 0.005 1.36 1.17–1.58 <0.001 1.14 1.09–1.19 <0.001 

(continued on next page) 
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Table 3 (continued )  

At-least-one-dose vaccination status 
(N = 49,019) 

Up-to-date vaccination status 
(N = 46,566) 

Uptake speed 
(N = 25,998) 

OR 95 % Confidence Interval p-value OR 95 % Confidence Interval p-value HR 95 % Confidence Interval p-value 

Rather agree 1.60 1.32–1.94 <0.001 1.44 1.25–1.65 <0.001 1.18 1.14–1.23 <0.001 
Completely agree 1.87 1.49–2.34 <0.001 1.47 1.26–1.73 <0.001 1.18 1.13–1.24 <0.001 
Not answered 1.17 0.75–1.82 0.501 1.17 0.75–1.81 0.489 1.03 0.89–1.19 0.697  

Age category (years) 
18–28 1.00 − − 1.00 − − 1.00 − −

29–38 0.80 0.63–1.01 0.060 1.02 0.85–1.22 0.812 0.97 0.92–1.04 0.423 
39–48 0.88 0.69–1.11 0.270 1.28 1.07–1.53 0.008 1.14 1.07–1.21 <0.001 
49–58 0.76 0.60–0.97 0.027 1.27 1.05–1.53 0.012 0.91 0.86–0.97 0.003 
59–68 0.81 0.59–1.12 0.206 1.15 0.91–1.45 0.251 0.89 0.83–0.96 0.002 
69+ 1.11 0.70–1.75 0.657 1.86 1.32–2.64 <0.001 0.80 0.73–0.87 <0.001  

Sex 
Male 1.00 − − 1.00 − − 1.00 − −

Female 1.35 1.17–1.56 <0.001 1.30 1.17–1.45 <0.001 0.99 0.97–1.02 0.699  

Diploma category 
Inf. Baccalaureate 1.00 − − 1.00 − − 1.00 − −

Bac. [1] or equivalent 0.96 0.81–1.15 0.672 1.01 0.87–1.17 0.879 1.06 1.01–1.11 0.007 
Bac + 2 to Bac + 4 1.01 0.85–1.19 0.949 0.94 0.82–1.08 0.417 1.17 1.12–1.22 <0.001 
Bac + 5 to Bac + 8 0.97 0.78–1.20 0.773 0.89 0.76–1.05 0.179 1.21 1.16–1.27 <0.001  

Professional category 
Employee 1.00 − − 1.00 − − 1.00 − −

Independent profession 0.61 0.44–0.84 0.003 0.78 0.60–1.02 0.070 0.99 0.91–1.09 0.902 
Senior executive 1.13 0.93–1.37 0.232 1.09 0.94–1.26 0.248 1.07 1.03–1.12 0.002 
Intermediate profession 1.56 1.31–1.86 <0.001 1.37 1.20–1.56 <0.001 0.84 0.81–0.88 <0.001 
Farmer 0.54 0.11–2.64 0.444 0.37 0.09–1.06 0.063 0.78 0.47–1.29 0.342 
Labourer 0.67 0.52–0.87 0.003 0.71 0.57–0.88 0.002 0.91 0.84–0.99 0.056 
Pensioner 0.84 0.60–1.17 0.301 1.20 0.94–1.53 0.134 1.21 1.14–1.28 <0.001 
Student 1.19 0.79–1.79 0.402 1.29 0.94–1.76 0.116 1.00 0.91–1.11 0.944 
Inactive 0.60 0.48–0.76 <0.001 0.68 0.56–0.83 <0.001 0.97 0.91–1.04 0.393  

Country of birth 
France 1.00 − − 1.00 − − 1.00 − −

Abroad 0.77 0.61–0.97 0.029 0.62 0.52–0.73 <0.001 0.99 0.94–1.04 0.600 
Not answered 0.87 0.40–1.91 0.730 0.74 0.38–1.46 0.390 0.90 0.68–1.19 0.463  

Comorbidity[2] 
No comorbidity 1.00 − − 1.00 − − 1.00 − −

1 + comorbidity 1.19 1.03–1.37 0.019 1.18 1.06–1.32 0.003 0.67 0.65–0.69 <0.001 
Not answered 0.82 0.53–1.28 0.387 0.91 0.64–1.29 0.593 0.93 0.81–1.05 0.245 

Reading grid: Individuals who rather disagreed with to the statement “COVID-19 vaccination has more benefits than risks for me” were 2.14 times more likely to have received at least one dose of COVID-19 vaccine by 2022. OR, odds 
ratio; HR, hazard ratio. 

1 “Bac.” refers to Baccalaureate, that is, the academic degree granting completion of secondary education in France. 
2 Data on comorbidities was available for immunodepression, diabetes, high blood pressure, history of myocardial infarction/angina pectoris, and chronic respiratory disease. 
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Fig. 1. Kaplan-Meier survival estimate (vaccination delay) stratified by the 7C psychological antecedents. Cognitiv study. France, 24 February 2022 – 19 June 2022 (N 
= 49,019 adults). Reading grid: The median delay to first dose of COVID-19 vaccination was 68 days for individuals who completely disagreed with the proposal “I think 
COVID-19 vaccination has more benefits than risks for me” and 30 days for those who completely agreed. The delay to vaccination for 75 % of the subgroup who completely 
disagreed to have their first dose of COVID-19 vaccine was 139 days and 56 days for those who completely agreed. 

G. Lièvre et al.                                                                                                                                                                                                                                   



Vaccine xxx (xxxx) xxx

10

2021 vaccination. The finding of the expected positive association be
tween description of opinions in the social environment and up-to-date 
vaccination status and uptake speed supports this interpretation. 

For the convenience antecedent, indecision regarding practical bar
riers to get an appointment was associated with lower vaccine uptake. 
This may be explained by a lack of interest in vaccination, as these 
persons may not even have searched for an appointment. 

3.3. The role of socio-demographic characteristics and comorbidities 

A large body of evidence has described the socio-demographic de
terminants of COVID-19 vaccine acceptance: sociodemographic factors 
that have most commonly been associated with a higher intention to 
receive COVID-19 vaccination – across countries and context – are age 
(especially individuals older than 65 years of age), education (higher 
education), and employment (being gainfully employed) or income 
(higher income or higher socioeconomic position group) [39–44]. 
Consistently with previous research, age category, diploma category, 
and professional category were the main socio-demographic predictors 
of COVID-19 vaccination in our study. A similar but less pronounced 
pattern has been documented for receiving two vaccine doses [45], 
consistently with the effects for up-to-date vaccination status in com
parison to those of at-least-one dose vaccination status in our study. 

In some studies [42], sex was associated with higher intention to 
receive a COVID-19 vaccine, with men showing more intention to 
vaccinate than women. However, other research showed lower uptake 
of at least one dose of a COVID-19 vaccine in men [45]. This apparent 
paradox may be resolved to some extent, as it appears in our study that 
men showed quicker vaccine uptake than women, but differences in 
vaccination coverage waned over time. 

Consistently with our results, previous research found that COVID-19 
vaccination intention and booster vaccination was significantly higher 
among persons with comorbidity [45,46]. 

3.4. Public health implications 

Our results suggest that the 7C antecedents are powerful tools to 
explain and possibly even predict COVID-19 vaccination behaviours, 
including uptake speed during an epidemic-response vaccination 
campaign. This is particularly relevant for epidemic preparedness stra
tegies, when the speed of vaccine uptake is critical. Vaccine promotion 
strategies should consider the 7C antecedents. Specifically, public health 
efforts directed at enhancing understanding and attitudes regarding 
collective responsibility, calculation, and confidence in system could 
produce valuable results. However, it is unclear whether these psycho
logical antecedents are the expression of stable personality traits, in 
which case they may not easily be modified. If modifiable, interven
tional research should test optimised information and communication 
tools to increase vaccine uptake and uptake speed during epidemics. 
Calculation regarding the risks and benefits of vaccination might be 
improved by effective education [47,48]. Individual or relatives’ expe
rience may also change the perceived benefits-risks balance for persons 
who chose to vaccinate after a previous infection or whose relative(s) 
have suffered from COVID-19 infection(s). Collective responsibility re
lates to broader altruism, prosocial behaviours, and ethics [29]. Vacci
nation promotion campaigns may be aimed at improving attitudes on 
both the calculation and collective responsibility dimensions. Confi
dence in system, which likely varies by country and over time within 
countries, could be enhanced by clear and transparent communication 
[49,50]. Research investigating the independence of the 7C antecedents 
from personality traits could provide further insights regarding the 
public health implications of the role of the 7C antecedents. 

3.5. Limitations 

This study has several limitations. Firstly, the sample is not 

representative of the adult population in France in 2022, despite the 
large sample size of the study. Infected participants were recruited 
nationwide, and non-infected participants were selected from a panel 
from a market and public opinion research company, matched to 
infected participants on age, sex, region, population size of area of 
residence, and calendar week. The source population for the study was 
therefore the adult population infected by SARS-CoV-2, and not the 
French population. Moreover, factors such as willingness to participate 
in a study, computer literacy, and access to a computer were additional 
characteristics that made our study population differ from the source 
population. Previous analyses of the study population have revealed that 
respondents, both infected and non-infected, tended to be younger, and 
include more women and wealthier persons, compared to the source 
population [51]. As such, prevalence estimates (e.g., vaccine coverage) 
should not be generalised to the French population, while the observed 
associations are likely less prone to selection bias. Secondly, data 
collection was cross-sectional, with risk of reverse causality (e.g., vac
cine uptake could have impacted attitudes) and residual bias by unob
served variables. This limitation may be particularly relevant for the 
uptake speed outcome, for which the outcome events occurred several 
months before exposure assessment. Lastly, the large sample size of this 
study may yield statistically significant results, even when effects are 
potentially not of practical relevance. 

4. Conclusion 

The present research demonstrates that beyond sociodemographic 
factors and comorbidities, the 7C psychological antecedents are associ
ated with three different measures of vaccination behaviour evaluating 
distinct levels of adherence to vaccination. Consistent effects were 
observed for receipt of at least one dose by 2022, level of adherence to 
booster recommendations by 2022, and speed of first-dose uptake. This 
complements previous studies that showed associations between in
tentions to vaccinate and the 7C antecedents. Future research should 
explore to which extent the 7C are the expression of stable personality 
traits, which needs to be taken into account for the development of 
vaccine promotion through appropriate information and public health 
campaigns. 

5. Methods (short version) 

5.1. Participant enrolment and data collection 

We analysed data collected for the previously described “ComCor” 
case-control study [52]. Briefly, between October 2020 and October 
2022, adults with recent SARS-CoV-2 infection were recruited as “cases” 
by the French national health insurance agency. A sample of “non- 
infected controls” were recruited from a national representative panel as 
non-infected adults matched to cases by age, sex, region, population size 
of area of residence, and calendar week. Additional participants were 
recruited from cases’ relatives. For all participants, the “ComCor” 
questionnaire comprised information on sociodemographic factors, 
SARS-CoV-2 infection history, and detailed self-reported COVID-19 
vaccination history, including vaccination dates and dose number. From 
24 February 2022 to 19 June 2022, participants were in addition invited 
to complete a self-administered questionnaire on cognitive factors and 
attitudes towards vaccination (the “Cognitiv” study). This questionnaire 
collected, among other, information on 7C attitudes regarding COVID- 
19 vaccination (Appendix 1), which were assessed using a short form 
of the 7C questionnaire previously described [14]. The questionnaire 
was adapted to the general adult population and to the 2022 vaccination 
context and limited to one item per antecedent domain. Answer mo
dalities were mostly coded on 5-point Likert scales, with indecision as 
central modality. In addition, participants could refuse to answer items. 
The invitation to complete the “Cognitiv” questionnaire was accepted 
predominantly by recently infected participants, who received the 
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questionnaire along with instructions to limit onward transmission. 
The “ComCor” study received ethical approval by the Comité de 

Protection des Personnes Sud Ouest et Outre Mer 1 on 21 September 
2020. The addition of the “Cognitiv” questionnaire received ethical 
approval by the Comité de Protection des Personnes Sud Ouest et Outre 
Mer 1 on 1 February 2022. The data protection authority Commission 
Nationale de l’Informatique et des Libertés (CNIL) authorised the pro
cessing of data on 21 October 2020. The study is registered with Clin
icalTrials.gov under the identifier NCT04607941. 

5.2. Data management: the three vaccination outcomes 

We defined three outcomes based on COVID-19 vaccination history. 
A first binary outcome, called “at-least-one-dose vaccination status”, 
was defined as uptake of at least one dose of COVID-19 vaccine. At-least- 
one-dose vaccination status was coded as a binary variable with No dose 
(0) and One dose or more (1). Due to high accessibility and strong 
incentivisation towards COVID-19 vaccination (a vaccine pass was 
required in France in early 2022 to access public spaces), the absence of 
uptake can be interpreted as vaccine refusal. A second binary outcome, 
termed “up-to-date vaccination status” distinguished between in
dividuals who adhered to the recommended vaccine schedule by early 
2022 and those who did not. This schedule included primary vaccination 
with at least one booster dose, where documented infections could 
replace vaccine doses. Up-to-date vaccination status was coded as a bi
nary variable with Zero, one or two doses without infection (0) and Two 
doses with infection / three doses or more (1). Having (0) for this 
outcome can be interpreted as strong reluctance against vaccination, as 
in early 2022 a booster dose was required to access specific public 
spaces. 

The third outcome was uptake speed and referred to time to vacci
nation, that is, the delay between the date of age- and comorbidity- 
specific vaccine eligibility and the date of first vaccine injection. In
dividuals with a previous episode of SARS-CoV-2 infection were not 
included in the uptake speed outcome, due to early questioning of the 
need for COVID-19 vaccination for those with a previous infection. At 
the beginning of the COVID-19 vaccination campaign, individuals with a 
previous infection may have perceived themselves as less concerned 
about receiving an initial vaccine dose, which could have impacted the 
delay to first dose. Eligibility dates varied for different ages and 
comorbidities (see Detailed Methods). Unvaccinated individuals were 
censored at the end of the observation period. While there were tensions 
to obtain vaccination slots until summer 2021, vaccination then became 
widely available in vaccination centres and mobile campaigns. We 
therefore suggest interpreting later dates of vaccination as lower vaccine 
eagerness. 

5.3. Statistical analyses 

We first described participants’ characteristics (N, %) overall and by 
vaccination status. We assessed the determinants of at-least-one-dose 
and up-to-date vaccination status using multivariable logistic regres
sion models, and the determinants of uptake speed using Cox propor
tional hazard models. After exploring bivariable models, we evaluated 
the association between the three outcomes and individual character
istics in two blocs: sociodemographic factors and comorbidities, and 7C 
psychological antecedents. Given the large sample size, we show full 
models containing all available variables. 

Participants recruited as cases, controls, and relatives were initially 
analysed separately. Because the associations of the determinants of 
vaccine uptake were similar for cases, controls, and relatives, results that 
combine the three groups are presented. 

We estimated the variance of at-least-one-dose and up-to-date 
vaccination status that was explained by items blocks as pseudo-R- 
square from regression models. Statistical significance was defined as 
P-value < 0.05, and exact P-values are shown for full interpretation. All 

statistical analyses were performed using Stata 17.0 (StataCorp, College 
Station, TX, USA). 

Author contributions 

GL, JEM, AF, SG, TC, and JS designed the study. 
SG, TC, and AF developed the “ComCor” questionnaire on vaccina

tion history and sociodemographic factors. 
GL, JEM, and JS developed the “Cognitiv” questionnaire including 

psychological antecedents of vaccination. 
GL performed the statistical analyses. 
GL and JEM drafted the first versions of the manuscript. 

Materials & Correspondence 

Correspondence and material requests should be addressed to GL and 
JEM. 

Data sharing 

The participant data (with identifiers) of this study are available 
from the French National Health Insurance Fund and from Ipsos. Re
strictions apply to the availability of these data, which were used under 
authorised agreement for this study by the French data protection 
authority Commission Nationale de l’Informatique et des Libertés 
(CNIL; the French National Commission on Informatics and Liberty). 
Access to these data would therefore require previous authorisation by 
the CNIL. 

Funding information 

The study was funded by Institut Pasteur, REACTing (Research, Ac
tion Emerging Infectious Diseases), and the French agency Agence 
nationale de recherches sur le sida et les hépatites virales—Maladies 
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