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individuals, Ct values at the first positive test were higher in fully vaccinated individuals (> 2 weeks after final dose) than non fully vaccinated individuals (1.7 [1, 2.3], p < 1e-6). In symptomatic individuals however, Ct values at the time of symptoms were not significantly different in vaccinated compared to unvaccinated individuals (p = 0.26). This was true both for infections by Delta and non-Delta (essentially Alpha in France at the time) variants. These results suggest that some infected vaccinated individuals, especially if symptomatic, may transmit the virus as much as unvaccinated individuals.

The SARS-CoV-2 variant of concern Delta, first detected in India, spread across the world in 2021, and in particular in Europe in late spring -early summer 2021, where it displaced the previously dominant Alpha variant. Delta was shown to be fitter than Alpha, [START_REF] Campbell | Increased transmissibility and global spread of SARS-CoV-2 variants of concern as at June 2021[END_REF][START_REF] Mlcochova | SARS-CoV-2 B.1.617.2 Delta variant emergence and vaccine breakthrough[END_REF][START_REF] Alizon | Rapid spread of the SARS-CoV-2 Delta variant in some French regions[END_REF] and may be associated with higher virulence [START_REF] Fisman | Progressive Increase in Virulence of Novel SARS-CoV-2 Variants in Ontario, Canada [Internet]. Infectious Diseases (except HIV/AIDS)[END_REF][START_REF] Ong | Clinical and Virological Features of SARS-CoV-2 Variants of Concern: A Retrospective Cohort Study Comparing B.1.1.7 (Alpha), B.1.315 (Beta)[END_REF][START_REF] Sheikh | SARS-CoV-2 Delta VOC in Scotland: Demographics, risk of hospital admission, and vaccine effectiveness[END_REF] and lesser vaccine effectiveness [START_REF] Sheikh | SARS-CoV-2 Delta VOC in Scotland: Demographics, risk of hospital admission, and vaccine effectiveness[END_REF][START_REF] Bernal | Effectiveness of Covid-19 Vaccines against the B.1.617.2 (Delta) Variant[END_REF] against symptomatic disease, especially after just one dose.

Delta has spread in countries with high vaccination levels, and breakthrough infections have been reported, with Ct values suggesting similar viral loads between vaccinated and unvaccinated infected individuals. [START_REF] Brown | Outbreak of SARS-CoV-2 Infections, Including COVID-19 Vaccine Breakthrough Infections, Associated with Large Public Gatherings -Barnstable County, Massachusetts[END_REF][START_REF] England | SARS-CoV-2 variants of concern and variants under investigation in England[END_REF][START_REF] Elliott | REACT-1 round 13 final report: Exponential growth, high prevalence of SARS-CoV-2 and vaccine effectiveness associated with Delta variant in England during May to July 2021[END_REF] A longitudinal study has confirmed similar Ct values between Delta-infected vaccinated and unvaccinated patients in the first week after diagnosis or symptom onset, with later faster decline in vaccinated patients. [START_REF] Chia | Virological and serological kinetics of SARS-CoV-2 Delta variant vaccine-breakthrough infections: A multi-center cohort study[END_REF] Comparisons of Ct values in infections with Delta compared to infections with previous variants require controlling for infection age when variants has different epidemiological dynamics. This is because viral load depends on infection age, and the distribution of infection ages depends on whether the number of cases is growing or shrinking. [START_REF] Alizon | Epidemiological and clinical insights from SARS-CoV-2 RT-PCR cycle amplification values [Internet[END_REF][START_REF] Hay | Estimating epidemiologic dynamics from cross-sectional viral load distributions[END_REF][START_REF] Cosentino | SARS-CoV-2 viral dynamics in infections with Alpha and Beta variants of concern in the French community[END_REF][START_REF] Althaus | A tale of two variants: Spread of SARS-CoV-2 variants Alpha in Geneva, Switzerland, and Beta in South Africa [Internet[END_REF][START_REF] Hay | Viral loads observed under competing strain dynamics[END_REF] We studied the determinants of Ct values at the time of test and, for symptomatic individuals, as a function of the time since symptoms, in data from 292284 patients tested by a large private laboratory in the community in France, from 14 June 2021 to 30 July 2021 in three regions (Bretagne, Île-de-France, Provence-Alpes-Côte d'Azur). These data include information on the result of the PCR test, the associated Ct value, the patient's self-reported vaccine status (whether fully vaccinated since at least two weeks, or not), whether the patient has been symptomatic and the time since the onset of symptoms. Positive tests were screened for the L452R mutation, which characterizes the Delta variant (9343 positive tests with mutation information). In the case of multiple tests per individual, we kept the last negative test if there were no positive tests, and the first positive test otherwise.

Consistent with the French vaccination campaign, vaccinated individuals are on average older than non-vaccinated patients in our dataset (12 years older). The proportion of vaccinated individuals in the dataset (24%) is lower than in the community (47.5% by 10 July 2021), reflecting the fact that the data are not surveillance-based.

Reasons for testing may vary between vaccinated and non-vaccinated individuals. This may especially be the case since France introduced a "sanitary passport," requiring a proof of either full vaccination or a negative test for specific events, which may artificially inflate the proportion of negative tests among non-vaccinated individuals. Conversely, vaccinated individuals may get tested only if they have good reasons to suspect an infection; these reasons may also vary if symptoms differ depending on the infecting variant.

We compared the cycle threshold (Ct; targeted at gene RdRp) values of the PCR of positive tests depending on vaccine status, the presence of symptoms, and the infecting variant (Delta: presence of the L452R mutation), for the 8437 individuals for which all pieces of information are available. The Ct is the number of PCR cycles needed to detect a target; it is negatively correlated with viral load.

We find that the presence of symptoms is associated with significantly lower Ct values (ANOVA; -2.7

Ct [-3, -2.5]; adjusted p < 1e-6 (Tukey's Honest Significant Difference)). An infection with the Delta variant is also associated with lower Ct values in these data (-6.7 Ct [-7.1, -6.3]; adjusted p < 1e-6)); note that age of infection is not controlled for here, but will be later on. Comparing vaccinated and non-vaccinated individuals, we find that vaccinated individuals have significantly higher Ct values for both Delta and non-Delta asymptomatic infections (1.7 [1, 2.3] Ct difference; adjusted p < 1e-6), but that the differences are not significant for symptomatic infections (p = 0.8). For non-Delta variants, this result may be due to too small a sample size (only N = 18 vaccinated symptomatic individuals infected with non-Delta).

Ct values also depend on the age of infection of tested individuals. It is therefore useful to control for age of infection, especially when comparing Ct values of variants with different epidemiological dynamics, [START_REF] Hay | Estimating epidemiologic dynamics from cross-sectional viral load distributions[END_REF][START_REF] Hay | Viral loads observed under competing strain dynamics[END_REF] as was the case for the Delta (increasing numbers of infections) and Alpha (decreasing numbers of infections) in the early summer in France. To this end, we add time since symptoms onset as a continuous variable in the linear model. We find that the Delta variant has Ct at day of symptoms -3.32 [-4.38, -2.25] lower than non-Delta (Alpha) (p < 1e-6, N = 3439). The slope of Ct as function of time is 0.6 [0.54, 0.66] per day for Delta and 0.92 [0.73, 1.1] for non-Delta variants (p < 1e-6). Vaccine status does not significantly alter the outcomes, whether regarding the Ct at symptom onset (p = 0.256) or the slope of Ct as function of time since symptoms (p = 0.947) and was therefore not included in the final model.

Limitations of our study stem from the way the data were collected: this is a community-based study. Reasons for seeking a PCR test are unknown and may vary among individuals and across time.

Symptom and vaccine information are self-reported. Yet our dataset is unique for France, because variant information and vaccine status data have not been linked yet in public datasets, and Ct values are not reported at the national level (only positive/negative test results are). Our results are in line with a retrospective cohort study which found lower Ct values with Delta and longer duration of infection with low Ct. [START_REF] Ong | Clinical and Virological Features of SARS-CoV-2 Variants of Concern: A Retrospective Cohort Study Comparing B.1.1.7 (Alpha), B.1.315 (Beta)[END_REF] Regarding vaccine-breakthroughs, our results confirm studies finding similar Ct values among fully vaccinated individuals and those who were not, with the majority of infections being due to Delta. [START_REF] Brown | Outbreak of SARS-CoV-2 Infections, Including COVID-19 Vaccine Breakthrough Infections, Associated with Large Public Gatherings -Barnstable County, Massachusetts[END_REF][START_REF] England | SARS-CoV-2 variants of concern and variants under investigation in England[END_REF] Another limitation of our dataset is the lack of longitudinal data (in Figure 2, each point corresponds to a single patient). A recent study in Singapore found similar Ct values among vaccinated and unvaccinated individuals infected by Delta, at the time of diagnosis or of symptom onset. [START_REF] Chia | Virological and serological kinetics of SARS-CoV-2 Delta variant vaccine-breakthrough infections: A multi-center cohort study[END_REF] After a week however, Ct values increased faster (i.e. viral load declined faster) among vaccinated individuals than unvaccinated individuals, even after excluding asymptomatic individuals (personal communication). [START_REF] Chia | Virological and serological kinetics of SARS-CoV-2 Delta variant vaccine-breakthrough infections: A multi-center cohort study[END_REF] With transmission occurring early in infection, this delayed differential decrease is expected not to have much of an impact on relative transmissibility.

Ct values are linked to viral load, and viral load has been shown to be positively associated with probability of transmission in household contacts -but there is also high inter-individual variation, and transmission from individuals with high Ct values is possible. [START_REF] Marc | Quantifying the relationship between SARS-CoV-2 viral load and infectiousness[END_REF][START_REF] Lyngse | Association between SARS-CoV-2 Transmissibility, Viral Load, and Age in Households [Internet[END_REF] In spite of these limitations, our confirmatory results indicate that epidemic control may require similar measures for symptomatic PCR-positive vaccinated individuals as non-vaccinated infected individuals, and that it is important to not to stop testing vaccinated individuals. 
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 12 Figure 1: Distributions of Ct values, according to vaccine status (light: unvaccinated, dark: vaccinated), infecting variant (orange: non-Delta, purple: Delta) and whether the individual was symptomatic (left: asymptomatic at least until the test, right: symptomatic). The widths of the violin plots reflect the number of tests; points and arrows represent predicted values and confidence intervals. "***" means that the corresponding comparison of unvaccinated and vaccinated individuals is statistically significant with p < 0.001.
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