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SARS-CoV-2 variants raise concern regarding the mortality caused by COVID-19 epidemics. We analyse
88,375 cycle amplification (Ct) values from variant-specific RT-PCR tests performed between January 26
and March 13, 2021. We estimate that on March 12, nearly 85% of the infections were caused by the
Alpha variant and that its transmission advantage over wild type strains was between 38 and 44%. We

also find that tests positive for Alpha and Beta/Gamma variants exhibit significantly lower cycle threshold

(Ct) values.

© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
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Context

At least three SARS-CoV-2 variants are currently major sources
of concern: Alpha from lineage B.1.1.7 [2,10], Beta from lineage
B.1.351 [9], and Gamma from lineage P.1 [3]. Alpha and Gamma
variants have been shown to be more contagious [2,3,10], while
Beta and Gamma seem to evade immune responses [3,9]. Although
the mechanistic bases are still being investigated, the increased
transmissibility could be driven by the N501Y mutation and the
A69-70 deletion in the Spike protein [2], where also lies the E484K
mutation related to immune escape [3,9]. Current evidence regard-
ing potential differences in cycle threshold (Ct) values are still un-
clear [3,11] as how well they reflect viral loads [7,8].

In France, using data from 11,916 tests performed on Jan 6 and
7, 2021, a study estimated that 3.3% of the infections were caused
by the Alpha variant at that time [4]. Another study used 40,777
tests performed between Jan 26 and Feb 16, 2021, and estimated
that on Feb 16, 55% of the infections were caused by Alpha, Beta,
or Gamma variants [5].
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Here, we estimate the spread of SARS-CoV-2 variants of con-
cern using 123,867 variant-specific RT-PCRs performed in nasopha-
ryngeal (NP) swabs between Jan 26 and Mar 19, 2021 in France
and compare Ct values between variants (the dataset and technical
specifications are detailed in the Appendix).

Alpha variant is dominant

Using the same methodology described in Haim-Boukobza et al.
[5] and in the Appendix, we calculated the transmission advantage
of each variant compared to the wild type strain after correction
for several biases (region, sampling date, assay, and patient age).
This inference was performed for individuals from 5 to 80 years
old) and without the data from hospitals (to avoid sampling delay
bias). For Alpha, the transmission advantage was 40% (95% con-
fidence interval, Cl: [38,42]%). For Beta-Gamma, the estimate was
28% (95%Cl: [27,30]%).

We then estimated the proportion of new infections caused by
each type of strain on Mar 19, 2021. At a national level, the esti-
mate was 87% for Alpha and 5,4% for Beta/Gamma, but with strong
regional heterogeneity (Figure S1).
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Fig. 1. Cycles threshold (Ct) value for SARS-CoV-2 strains. Median estimates based on the linear model are shown in the box plot, and number of tests in each class are
shown in the bottom of the graph. ‘other’ indicate tests with the A69-70 deletion and without the N501Y mutation. Start indicate the significance level (x % ** for a p-values

strictly lower than 10~% and s « * for a p-value of 104, ns: not significant).

Variants have lower Ct values

We analysed tests and for which the strain has been deter-
mined from 1 to 89 year old patients with Ct values lower than
30, i.e. 76,745 tests (91% of all the tests with Ct values).

We used a multiple linear regression to study variations in Ct
values between strains. The covariates were the age, the sampling
facility (hospital or city), the sampling date, and the region (in-
cluding the interaction between the last two). We then performed
a F-test of a model including the variant identity as a covariate, in
interaction with age, against a model without it. The variant effect
was found to be statistically significant while the model explained
a small fraction of the Ct variability (adj. R2=3.8%), which is con-
sistent with these values being highly variable [1].

The virus strain effect was highly significant in the ANOVA
(Figure 1). Samples from Alpha variants had a significantly smaller
Ct than that from Beta/Gamma (21.8 vs. 22.1). Both had signifi-
cantly smaller Ct values than wild type strains (22.8) and other
variants.

The model also indicated a significant decrease of Ct with age,
in line with existing data [1]. Interestingly, this decrease was sig-
nificantly (more than half) stronger for Alpha, while the inference
cannot exclude equivalent slopes for the other variants (note that
this trend holds even on the non-Alpha variant subset of Ct val-
ues). The sampling date, the sampling region and their interaction
were also found to be significant. Samples from hospitals has a
slightly higher Ct, likely due to the fact that testing in the gen-
eral population occurs approximately one week after infection and
one week before potenital hospitalization. Therefore, hospitalized
patients data is likely to reflect an older state of the epidemic.

Discussion

We show that variant of concern Alpha is now vastly dominant
in France compared to wild type strains (87% vs. less than 10%).
Beta or Gamma remain limited (approximately 5.4% of the new
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infections). These results are consistent with earlier reports of a
marked transmission-advantage of the Alpha variant [2,4,5,10].

By investigating the RT-PCR Ct values, which can inform us
on clinical features of the infection [1,8], we show that infec-
tions caused by variants significantly differ from that caused by
wild type strains. That variants are associated with lower Ct val-
ues could be an indication of higher viral load, although care must
be taken because of the biology of SARS-CoV-2 [7] and of the vari-
ability inherent to such values [1].

This result contrasts with earlier findings. One study did not
find a significant result when comparing Ct values for tests with
or without the S-gene target failure [11]. However, our results are
based on a variant-specific PCR. Another study on the Gamma vari-
ant [3] did not find a significant difference after accounting for the
symptom onset to sampling delay. However, their study was per-
formed on a limited number of samples (n = 147). Finally, our es-
timates, based on a large number of interpretable samples with Ct
lower than 30, suggest that differences in within-host replication
and transcription between Alpha and non-Alpha variants might be
lower than previous quantified [6].

Data availability

The data and scripts used for the analysis will be shared upon
publication.
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