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We compared PCR results from SARS-CoV-2-positive 
patients tested in the community in France from 14 
June to 30 July 2021. In asymptomatic individuals, Cq 
values were significantly higher in fully vaccinated 
than non-fully vaccinated individuals (effect size: 1.7; 
95% CI: 1–2.3; p < 10−6). In symptomatic individuals and 
controlling for time since symptoms, the difference 
vanished (p = 0.26). Infections with the Delta variant 
had lower Cq values at symptom onset than with Alpha 
(effect size: −3.32; 95% CI: −4.38 to −2.25; p < 10−6).

The severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) variant of concern Delta (Phylogenetic 
Assignment of Named Global Outbreak (Pango) line-
age designation B.1.617.2 and AY.* sublineages), first 
detected in India, spread across the world in 2021, 
and in particular in Europe in late spring to early sum-
mer 2021, where it displaced the previously dominant 
Alpha (B.1.1.7 and Q.* sublineages) variant. Delta was 
shown to spread faster than Alpha [1-3] and may be 
associated with higher virulence [4-6] and lower vac-
cine effectiveness [6,7] against symptomatic disease, 
especially with incomplete vaccination.

The Delta variant has spread in countries with high vac-
cination levels, and breakthrough infections have been 
reported, with quantification cycle (Cq) values (also 
called cycle threshold (Ct)) suggesting similar or lower 
viral loads in vaccinated compared to unvaccinated 

individuals, depending on the study [8-10]. A longitu-
dinal study has confirmed similar Cq values in Delta-
infected vaccinated and unvaccinated individuals 
in the first week after diagnosis or symptom onset, 
with later faster decline in vaccinated individuals [11]. 
Comparing Cq values in infections with the Delta vari-
ant and infections with previous variants requires con-
trolling for time since infection when variants have 
different epidemiological dynamics. This is because 
viral load depends on time since infection, and the 
distribution of time since infection across individuals 
depends on whether the number of cases is growing or 
shrinking [12-16].

Here we use a large number of PCR tests done in the 
community in France at a time when the Delta variant 
was replacing other SARS-CoV-2 strains (mostly Alpha 
variant) to elucidate how vaccination status, infect-
ing variant and the presence of symptoms impact viral 
loads.

Description of the dataset
We studied the determinants of Cq values at the time 
of test and, for symptomatic individuals, as a function 
of the time since symptom onset, in 292,284 individu-
als tested from 14 June 2021 to 30 July 2021 by a large 
private laboratory group in the community in three 
regions of France (Bretagne, Île-de-France, Provence-
Alpes-Côte d’Azur). These data included the result of 
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the PCR test, the associated Cq value, the individual’s 
self-reported vaccine status (fully vaccinated for at 
least 2 weeks or not), whether the individual has been 
symptomatic and the time since onset of symptoms. 
Positive tests were screened for the L452R mutation, 
which characterises the Delta variant (9,343 positive 
tests had mutation information at this locus). If more 
than one test result was available for the same indi-
vidual, we kept the last negative test if there were no 
positive tests, and the first positive test otherwise.

Consistent with the French vaccination campaign, vac-
cinated individuals in our dataset were on average 
(12 years older) older than non-vaccinated individuals 
(Supplement). The proportion of vaccinated individuals 
in the dataset (24%) was smaller than in the commu-
nity (47.5% by 10 July 2021 [17]), reflecting the fact that 
the data are not surveillance-based.

Analysis of Cq values a function of 
vaccination status, variant and symptoms
We first compared the Cq values (targeted at genes RdRp 
and N) of positive PCR tests, by vaccine status, pres-
ence of symptoms and infecting variant (Delta: pres-
ence of the L452R mutation), for the 8,437 individuals 

(3,174 female, 3,009 male, 2,254 unknown; 943 vacci-
nated, 7,494 unvaccinated; 6,284 < 40-years-old, 2,151 
≥ 40-years-old, two of unknown age) for whom all vari-
ables are available (Figure 1,  Supplement). The Cq is 
the number of PCR cycles needed to detect a target; it 
is negatively correlated with viral load.
 
The presence of symptoms was associated with signifi-
cantly lower Cq values (linear model, effect size: −2.7; 
95% confidence interval (CI): −3 to −2.5; adjusted 
p < 10−6, Tukey’s honest significance test). Infection 
with the Delta variant was also associated with lower 
Cq values compared with non-Delta (mostly Alpha) var-
iants (effect size: −6.7; 95% CI: −7.1 to −6.3; adjusted 
p < 10−6). We note that time since infection is not con-
trolled for here, but will in the analyses further down. 
Vaccinated individuals had significantly higher Cq val-
ues for both Delta and non-Delta asymptomatic infec-
tions than non-vaccinated individuals (effect size: 1.7; 
95% CI: 1–2.3; adjusted p < 10−6), but this difference was 
not significant for symptomatic infections (p = 0.8). For 
non-Delta variants, this result may be a consequence 
of the sample size being too small (only n = 18 vacci-
nated symptomatic individuals infected with non-Delta 
variants).

Analysis of Cq values controlling for the 
time since symptom onset
The Cq values also depend on the time since infection 
of tested individuals. Controlling for time since infec-
tion avoids confounding factors that can arise when 
comparing Cq values of variants with different epide-
miological dynamics [13,16], such as Delta (increasing 
numbers of infections) and Alpha (decreasing numbers 
of infections) in the early summer of 2021 in France. As 
noted above, vaccinated and unvaccinated individuals 
may also have different test-seeking behaviour, lead-
ing to different time since infection on the day of the 
test. We therefore added time since symptom onset as 
a continuous variable in the linear model for the sub-
set of 3,439 symptomatic infections (Supplement). We 
first fitted a linear model predicting Cq value as a func-
tion of time since symptoms, vaccination status, vari-
ant (Delta or non-Delta) and all pairwise interactions 
(n = 3,439) (Figure 2). The Delta variant had a Cq dif-
ference of −3.32 on the day of symptom onset (95% 
CI: −4.38 to −2.25), compared to non-Delta (Alpha) 
(p < 10−6). The slope of Cq as a function of time was 0.6 
(95% CI: 0.54–0.66) per day for Delta and 0.92 (95% 
CI: 0.73–1.1) for non-Delta variants (p < 10−6). Vaccine 
status did not significantly alter either the Cq at symp-
tom onset (p = 0.256) or the slope of Cq as a function 
of time since symptom onset (p = 0.947). 

Ethical statement
Under French law, the use of research data that do not 
compromise patient privacy, as is the case with our 
dataset, is allowed by the French Commission Nationale 
Informatique et Libertés, and therefore our study did 
not require approval by an institutional review board.

Figure 1
Distribution of Cq values, according to vaccine status, 
infecting variant and symptomatic status, France, 14 
June–30 July 2021 (n = 8,437)
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Discussion
Our dataset is unique for France because variant infor-
mation and vaccine status data have not been linked 
yet in public datasets, and quantification values are 
not reported at the national level (only positive/nega-
tive test results are). Our results are in line with a retro-
spective cohort study which found lower Cq values with 
Delta and longer duration of infection with low Cq [5]. 
Regarding vaccine breakthroughs, our results confirm 
studies that found similar Cq values among fully vac-
cinated individuals and those who were not, with the 
majority of infections caused by the Delta variant [8,9]. 
Two recent studies examined the viral load in vacci-
nated compared with unvaccinated individuals [11,18]. 
Both found that viral loads declined faster in vacci-
nated individuals. One study found similar viral loads 
in vaccinated and unvaccinated individuals until 6 days 
post symptom onset (or diagnosis), then faster decline 
in vaccinated individuals [11]. The other, a systematic 
longitudinal study with small sample size, found that 
vaccinated individuals had a faster decline in viral load 
already from the day of the peak [18]. The different sta-
tistical models used in the two studies may explain the 
difference. We did not find in our data any difference in 
the Cq dynamics of symptomatic vaccinated and unvac-
cinated individuals, but we had little statistical power 
to detect differences in slope late in infection as in [11] 

because of a limited number of individuals presenting 
more than 6 days after symptom onset.

Limitations of our study stem from the way the data 
were collected. Reasons for seeking a SARS-CoV-2 
PCR detection test are unknown, may vary among indi-
viduals and across time, and cannot be controlled for. 
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. Reasons for seeking a test may also vary 
if symptoms differ depending on the infecting variant. 
Symptom and vaccine information are self-reported. 
Another limitation of our dataset is the lack of longi-
tudinal data (each individual has only one Cq meas-
ure). Although our analysis takes advantage of a large 
sample size, additional data on randomly sampled 
individuals or systematic longitudinal surveys would 
complement our findings and shed more light on the 
impact of vaccination and variants on viral loads.

Finally, Cq values are a proxy: they are linked to viral 
load, and there is some evidence that viral load is asso-
ciated with probability of transmission, although with 
considerable variation between individuals [19-21].

Conclusion
Epidemic control may require similar measures 
for symptomatic PCR-positive vaccinated individuals as 
for non-vaccinated infected individuals. This remains 
true even if there is indeed a late faster viral load 
decline in vaccinated individuals, as most transmission 
would already have taken place.

*Authors’ correction
The affiliation ‘Infection Antimicrobials Modelling Evolution, 
UMR1137, INSERM, Université de Paris, Paris, France’ was 
removed for François Blanquart and the remaining affilia-
tions were renumbered. These corrections were made on 27 
October 2021 upon request from the authors.
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Figure 2
Regression of Cq values against time since symptom 
onset, for symptomatic individuals, by vaccine status and 
infecting variant, France, 14 June–30 July 2021 (n = 3,439)
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