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Abstract

The emerging N501Y mutation in severe acute respiratory syndrome coronavirus 2, which becomes prevalent in

the UK rapidly, is one of the major challenges of COVID-19 control. To explore the transmission advantage, we

estimate that the N501Y substitution increases the infectivity by 52% (95% confidence interval: 46, 58) in terms of

the reproduction number.
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Main text

Exploring the relationship between mutation activities and dis-
ease transmissibility is important to manage the epidemiologi-
cal outcomes at population scale. In September 2020, genetic
variants carrying the N501Y substitution on the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) spike (S)
protein began to spread first in Wales and then otherwhere in
the UK1 and reached dominance among SARS-CoV-2 variants in
other lineages by the end of 2020. The rapid spread of 501Y vari-
ant indicates a possible transmission advantage over the 501N
variant. In this work, we adopted a statistical framework to infer
the transmission advantage associated with N501Y substitution
using the surveillance and sequencing data in the UK.

We reconstructed the variant-specified instantaneous repro-
duction number by using the commonly adopted renewable
equation.2 The transmission advantage of 501Y variant against
501N variant is defined as the ratio, η, between variant-specified
reproduction numbers, see Supplementary Information S1. In
other words, given the reproduction number of cases infected by
501N variant as Rt, the reproduction number of cases infected
by the 501Y variant is η·Rt. Thus, if η > 1, the mutated variant

may be more infectious than the original genetic variant and vice
versa.

We obtained the SARS-CoV-2 sequencing data and COVID-
19 surveillance data (Figure 1A) collected from 1 August
to 31 December 2020, via the public databases released
by GISAID and World Health Organization, respectively,
see Supplementary Information S2. With the likelihood-based
inference framework, we reconstruct the variant-specified instan-
taneous reproduction number in Figure 1B. The reproduction
number of 501Y variant appears higher than that of 501N
variant. Although Rt of the 501N variant fluctuated around
1, the η·Rt of 501Y variant appears generally above 1 during
the same period, which implies a higher potential for causing
larger epidemics, and more intensive intervention strategies are
thus desired. Figure 1C shows that the estimated proportion of
501Y variant fits the observed proportion well. We estimated
that the 501Y variant is 52% (95% confidence interval: 46,
58) more transmissible than the 501N variant, which indicates
a transmission advantage of N501Y substitution. To check the
sensitivity of estimates, we repeat the estimating process of η

with alternative shorter or longer mean generation time. We find
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Figure 1. The daily number of COVID-19 cases (panel A), the reconstructed reproduction number (Rt, panel B) and proportion of the Y on the 501th

codon of the S protein (panel C). Panel A shows the daily number of COVID-19 time series in the UK. Panel B shows the estimated reproduction

numbers of Y (in orange) and N (in purple). The dots are the estimates, and bars are the 95% confidence intervals. Panel C shows the observed (dots)

and fitted (curve) proportion of the Y on the 501th codon of the S protein

that the η estimates are consistently and significantly larger than
1 in similar scales (data not shown), which validates our main
results.

The increase in transmissibility associated with N501Y sub-
stitution appears consistent with the statistical evidence and
structural biological insights in literature.3 ,4 Similarly, we learn
from the recent D614G substitution of SARS-CoV-2, as well as
the seasonal influenza virus, that single but key AA substitu-
tion may alter the conformation of protein trimer and binding-
competent profiles.5

Provided the rapidly growing prevalence and spread of
501Y variant, several concerns of public health importance
are raised, which need further exploration. The transmission
advantage of the mutation implies increase in both herd
immunity threshold and intrinsic growth rate of epidemic,
and thus, the non-pharmaceutical interventions for COVID-
19 control may require enforcement to flatten the epidemic
curve. Clinical severity remains largely unassessed for the 501Y
variant, which needs relatively a long-term observation, and
unexpected clinical outcomes may warrant adjustments in the
treatment strategies. Given the challenges in the control of spatial
spreading of COVID-19, we highlight the potential risks of
SARS-CoV-2 with 501Y when it invades places having groups
of population with vulnerability. There is a limited investigation

for the roles of other mutations co-circulating with N501Y,
which might be of importance in compensating or enhancing
the viral fitness or functionality. In addition, the matching level
of vaccine candidates in development or in production is also
unknown, which requires further analysis from both biological
and epidemiological sides. Some limitations about the analytical
procedures, mainly due to lack of data or information, are
discussed in Supplementary Information S3.
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Supplementary data are available at JTM online.
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