
Since the end of 2020, at least 3 strains, or “vari-
ants,” of severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2) bearing a high number of 
mutations have been associated with rapid epidemic 
spread in the United Kingdom (lineage B.1.1.7) (1), 
South Africa (lineage B.1.351) (2), and Brazil (lineage 
P.1) (3). Because of their increased transmissibility 
(4; E. Volz et al., unpub. data, https://www.medrx-
iv.org/content/10.1101/2020.12.30.20249034v2; A.S. 
Walker et al., unpub. data, https://www.medrxiv.
org/content/10.1101/2021.01.13.21249721v1) and 
potential ability to evade host immunity (5; S. Cele et 
al., unpub. data, https://www.medrxiv.org/conten
t/10.1101/2021.01.26.21250224v1), monitoring these 
variants is crucial in the context of mass vaccination. 

In France, beginning February 5, 2021, every 
sample that tested SARS-CoV-2–positive by reverse 
transcription PCR (RT-PCR) underwent an addi-
tional variant-specifi c RT-PCR with probes targeting 
the Δ69–70 deletion and the N501Y mutation, both 
in the spike glycoprotein. Both targets are present 
in lineage B.1.1.7. For lineages B.1.351 and P.1, only 
the N501Y mutation is present. If only the Δ69–70 

deletion is detected, the infection might be caused 
by another variant or by a wild-type strain with a 
deletion. Finally, if neither target is detected, the 
infection is considered to be caused by a wild-type 
strain. These tests are cheaper and easier to imple-
ment than full-genome sequencing, which enables 
their rapid deployment on a wide scale. We report 
the results of this testing program.

The Study
RT-PCR testing for SARS-CoV-2 strains was con-
ducted using 2 assays, VirSNiP SARS-CoV-2 Spike 
del+501 (TIB Molbiol, https://www.tib-molbiol.
de) and ID SARS-CoV-2/UK/SA Variant Triplex 
(ID Solutions, https://www.id-solutions.fr), which 
target the Δ69–70 deletion and N501Y mutation. We 
performed tests on 42,229 positive samples collected 
during January 26–February 16, 2021, from 40,777 
persons from 12 regions in France. Most samples 
came from the general population, and 3,323 (7.9%) 
samples came from hospitals. For the 1,397 patients 
for whom multiple tests were performed, only the 
fi rst test was considered. We only included data from 
persons 5–80 years of age to minimize the weight of 
preschool children and persons living in aged-care 
facilities in our analysis. Finally, we removed per-
sons whose age or testing region was unknown. This 
study was approved by the Institutional Review 
Board of the CHU of Montpellier and is registered at 
ClinicalTrials.gov (identifi er NCT04738331).

Overall, we analyzed 35,208 SARS-CoV-2–posi-
tive samples from the same number of persons (Ap-
pendix 1 Table 1, https://wwwnc.cdc.gov/EID/
article/27/5/21-0397-App1.xlsx). Results of 6,702 
(19%) variant-specifi c RT-PCR tests were uninter-
pretable, mainly because of an insuffi cient amplifi -
cation of the control, which targets the SARS-CoV-2 
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Variants of severe acute respiratory syndrome coronavi-
rus 2 raise concerns regarding the control of coronavirus 
disease epidemics. We analyzed 40,000 specifi c reverse 
transcription PCR tests performed on positive samples 
during January 26–February 16, 2021, in France. We 
found high transmission advantage of variants and more 
advanced spread than anticipated.
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N gene. These results were treated as missing in 
the analyses. Given that most of the variants were 
B.1.1.7 (Appendix 2 Figure 1, https://wwwnc.cdc.
gov/EID/article/27/5/21-0397-App2.pdf), we 
grouped all samples bearing the N501Y mutation 
into a broader class of variant-positive.

We used a generalized linear model (GLM) to 
analyze the binary strain variable (with values wild-
type or variant). The covariates were the patient’s 
age, the RT-PCR kit used for variant detection, the 
sampling date, and the geographic region from 
which the sample originated (Appendix 2). By us-
ing a type-II analysis of variance, we found that all 
covariates except the type of RT-PCR kit to be sig-
nificant (Table 1). In particular, the proportion of 
variants increased with date and decreased with age 
(Appendix 2 Figure 2) and hospital origin.

To investigate the temporal trends, we fit-
ted a logistic growth model to the fitted values of 
an analogous GLM only on the data from general 
population samples (Appendix 2). Assuming that 
variations in frequencies are driven by transmis-
sion advantages, we found that variants have a 50% 
(95% CI 37%–64%) transmission advantage over 
wild-type strains (Figure 1). 

The analysis of variance already showed that 
variant frequency varied across regions (Table 1). 
We performed the logistic growth fit at the local lev-
el for regions for which adequate data was available 
(Figure 2). The growth advantage of the variant was 
more pronounced in some regions. In Ile-de-France, 
more than half of infections already appeared to be 
caused by the variants by February 16, whereas in 
other regions, such as Burgundy, this proportion 
would not be reached until March 2021. However, 
some regions were less well represented in this anal-
ysis, which could affect local estimates.

Finally, we investigated the correlation between 
the increase in variant frequency among positive 
tests in a region and the temporal reproduction 
number, denoted Rt, in that same region. Rt was esti-
mated from coronavirus disease intensive care unit 
admission data by using the EpiEstim method (6) 
with a serial interval from Nishiura et al. (7), as de-
scribed in Reyné et al. (unpub. data, https://www.
medrxiv.org/content/10.1101/2020.12.05.2024437
6v1) (Appendix 2). We used the Spearman rank cor-
relation test and found a positive but nonsignificant 
trend (ρ = 0.50; p = 0.09) (Appendix 2 Figure 3).

Conclusions
We used 2 variant-specific RT-PCR tests to detect 
the fraction of infections caused by SARS-CoV-2  

lineages B.1.1.7, B.351, and P.1 in regions in France 
during January 25–February 16, 2021. We did not 
find any significant difference between the 2 specific 
RT-PCR kits used, suggesting that similar data col-
lected in France could be pooled. Our results have 
several practical implications.

In general, we found that many infections 
screened were caused by variants, especially B.1.1.7, 
and the trend increased over time. On the basis of 
our estimates, by February 16, 2021, more than half 
of SARS-CoV-2 infections in France could have been 
caused by variants, although with pronounced spa-
tial heterogeneity. In a conservative scenario, where 
all uninterpretable tests were assumed to be caused 
by the wild type, most infections would have been 
caused by variants by the end of week 7 of 2021, and 
the estimated variants transmission advantage was 
36% (95% CI 26%–48%) (Appendix 2 Figure 4).

Variant-positive samples originated from sig-
nificantly younger patients, which is consistent 
with an earlier report (E. Volz et al., unpub. data) 
but contrasts with Davies et al. (4). Our analysis did 
not enable us to discriminate between epidemiolog-
ic effects (e.g., if variants’ transmission chains were 
seeded in different populations than the wild types), 
sampling biases, or biologic effects. Additional data 
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Table 1. Risk for variant detection estimated using the general 
linear model in study of rapid spread of severe acute respiratory 
syndrome coronavirus 2 variants, France, January 26–February 
16, 2021* 
Covariate OR 2.5% CI 97.5% CI 
Date, per day 1.07 1.03 1.11 
Age, per year 0.993 0.992 0.995 
Kit 2 0.94 0.93 1.16 
Nonhospital location 1.25 1.13 1.39 
*For categorical variables, reference values are the other kit (1) and the 
hospital setting. Bold indicates statistical significance. OR, odds ratio. 

 

Figure 1. Estimated variants frequency kinetics in study of rapid 
spread of severe acute respiratory syndrome coronavirus 2 
spread, France, January 26–February 16, 2021. Triangles indicate 
the general linear model–fitted values, line indicates output of the 
logistic growth model estimation, and shading indicates 95% CIs. 
Overall estimated transmission advantage of the variants (with 
respect to the wild-type reproduction number) is 50 (95% CI 38%–
64%) (Appendix 2, https://wwwnc.cdc.gov/EID/article/27/5/21-
0397-App2.pdf). VOC, variant of concern.
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from RT-PCR amplification cycles could provide 
useful insights. Finally, earlier reports have found 
variant proportion to be associated with higher basic 
reproduction number (4; E. Volz et al., unpub. data). 
We found such a trend among regions in France, but 
it is not statistically significant.

A limitation of this study is that, in spite of its 
intensity, the sampling was performed retrospec-
tively, which could generate biases if, for instance, 
transmission chains associated with variants were 
increasingly sampled. However, we found that sam-
ples that originated in hospitals were associated with 
a lower variant detection. Because testing in the gen-
eral population is usually performed a week after in-
fection and hospital admissions occur ≈2 weeks after 
infection (M.T. Sofonea et al., unpub. data, https://
www.medrxiv.org/content/10.1101/2020.05.22.20
110593v1), we expect hospital data would reflect an 
older state of the epidemic than screening data. RT-
PCR does not have the resolution of full-genome 
sequencing, and other variants of concern could be 
underestimated or missed with this approach. How-
ever, the time scale considered and the relatively slow 
evolutionary rate of SARS-CoV-2 make this approach 
appropriate to monitor variant spread. Furthermore, 
next-generation sequencing performed on 48 samples 
showed a strong consistency with the specific RT-
PCR tests (Cohen κ of 1 for the TIB Molbiol test and 
0.87 or 0.88 for the ID Solutions test depending on the 
variant; data not shown).

These results illustrate that variant-specific RT-
PCRs are an option for SARS-CoV-2 epidemic moni-
toring because of their affordability and rapid de-
ployment. They also demonstrate that SARS-CoV-2 
variants spread in France was faster than anticipated 
(L.D. Domenico et al., unpub. data, https://www.
medrxiv.org/content/10.1101/2021.02.14.2125170
8v1), which stresses the importance of swift public 
health responses.

This article was preprinted at https://www.medrxiv.
org/content/10.1101/2021.02.17.251927.
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Supplementary Methods 

Generalized Linear Model (GLM) 

The main model was performed by using a GLM assuming a binomial distribution, where 

the variable of interest was the binary variable strain (i.e., wild type or variant) and the 

explanatory variables were the sampling date (integer), the individual age (integer), the test kit 

used (boolean), the location of the sampling (boolean), and the region (factor). We further added 

an interaction between the region and the date. Odds ratios were computed by estimating a 

likelihood profile. We use a type II error for the analysis of variance given the uneven sampling 

between regions (the analysis of variance function in the car package of R). 

Logistic Growth Fitting 

We used the fitted values of the GLM model applied to the data after removing samples 

that came from hospitals (the sampling location effect was also obviously removed from the 

model) to perform the inference of a 2-parameter logistic growth kinetic curve: 𝑓𝑓(𝑡𝑡) =

�1 + 𝑒𝑒−𝜎𝜎(𝑡𝑡−𝜏𝜏)�
−1

, where f(t) is the frequency of the variants in the new infections at time t, σ is 

the relative growth rate of the variants and τ is the time at which f reaches 1∕2. This method is 

indeed more appropriate to deal with temporal auto-correlation biases in proportion time series 

(1; E. Volz et al., unpub. data, 

https://www.medrxiv.org/content/10.1101/2020.12.30.20249034v2). 

The parameter estimation was performed by using the drc package in R at the national 

and regional level (for regions with >1,000 samples). The CI of the fitted curves rely on those of 

the estimated date of reaching half proportion of new infections (τ). The unitless estimated 

https://doi.org/10.3201/eid2705.210397
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transmission advantage, ETA, is expressed in terms of multiplicative gain in reproduction 

number with respect to that of the wild type, such that 𝑅𝑅𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑡𝑡 = (1 + 𝐸𝐸𝐸𝐸𝐸𝐸) ∗ 𝑅𝑅𝑤𝑤𝑣𝑣𝑤𝑤𝑤𝑤𝑡𝑡𝑤𝑤𝑤𝑤𝑒𝑒. 

Its calculation was made by solving the Euler-Lotka equation (𝑅𝑅𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑡𝑡 ∫ 𝑒𝑒−𝜎𝜎𝑡𝑡∞
0 𝑤𝑤(𝑡𝑡)𝑤𝑤𝑡𝑡 =

1) assuming a serial interval w following a Weibull distribution with a mean and SD of 4.8 and 

2.3 days (2) and a constant equal to 1. The CI relies on those of the estimated relative growth 

rate. 

Reproduction Number and Variant Increase 

The reproduction number was estimated by using the method described in Reyné et al. 

(unpub. data, https://www.medrxiv.org/content/10.1101/2020.12.05.20244376v1). In brief, 

intensive care unit admission data was collected from 

https://www.data.gouv.fr/fr/datasets/donnees-hospitalieres-relatives-a-lepidemie-de-covid-19 and 

the reproduction number was then computed for each region in France by using the EpiEstim 

package in R by setting the serial interval to that reported by Nishiura et al. (2). 

To estimate the increase in the proportion of variants among positive tests, we performed 

a GLM with a binomial distribution to explain the type of infection (wild type or variant) as a 

function of 2 factors (sampling date and individual age). This was done only on data collected 

outside hospital settings. The regression coefficients were used to perform a Spearman’s rank 

correlation with the most recent time point reproduction number estimate (February 16, 2021) 

(Appendix 2 Figure 4). 
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Appendix 2 Figure 1. Results of severe acute respiratory syndrome coronavirus 2 variant-specific 

reverse transcription PCR test results per geographic region, France, January 26–February 16, 2021. 
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Appendix 2 Figure 2. Proportion of severe acute respiratory syndrome coronavirus 2 infections caused 

by variants as a function of age, France, January 26–February 16, 2021. The blue line is the trend 

obtained using a univariate generalized linear model. Uninterpretable tests as well as age classes <5 

years or >80 years are not shown. 
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Appendix 2 Figure 3. Regional reproduction number (Rt) as a function of the estimated increase in 

severe acute respiratory syndrome coronavirus 2 variant frequency, France, January 26–February 16, 

2021. The dashed line shows the output of a univariate linear model. 
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Appendix 2 Figure 4. Severe acute respiratory syndrome coronavirus 2 variants frequency, assuming 

that uninterpretable tests are all caused by wild-type strains, France, January 26–February 16, 2021. The 

value indicates the transmission spread advantage of the variants and its 95% CI. 

 

Appendix 2 Figure 5. Logistic growth at the regional level in study of rapid spread of severe acute 

respiratory syndrome coronavirus 2 variants, France, January 26–February 16, 2021. The dots indicate 

the generalized linear model–fitted values, and the line is the output of the logistic growth model 

estimation. The vertical orange bar indicates the date of the analysis. The caption on the top of the figures 

indicate the estimated transmission advantage of the variants (with respect to the wild-type reproduction 

number) and its 95% CI. 


