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Supplementary Material
Inference framework to estimate comparative transmissibility

We assumed that the N501Y mutation and A69/A70 deletions characterize the three strains 501N,
501Y Variant 1 and 501Y Variant 2, but their differential transmissibility (if any) might be
attributable to the combination of N501Y and other mutations including A69/A70 deletions acquired
in the emergence of 501Y Variant 1 and 2 lineages (Figure 1, Table 1 and Table S1). For conciseness,
we used N, Y1 and Y2 to denote the three strains. We defined the comparative transmissibility of any
two strains as the ratio of their basic reproductive numbers. That is, the comparative transmissibility

of strains Y1 and Y2 with respective to strain N was oy, = R§1/RY and oy, = R¥?/RY, respectively.

We formulated a framework to infer oy, and oy, under the following base case assumptions: (1) the
three strains co-circulated locally during our study period (September 22 to November 16, 2020); (2)
non-pharmaceutical interventions (NPIs) had the same effect on all three strains; (3) the probability
that an infected person was selected for viral sequencing did not depend on which strain he/she was
infected with; (4) recovery from infection with any strain provided protection against reinfection of all
strains during our study period; (5) age-specific susceptibility to infection (if any) was the same for all
three strains; and (6) after community transmission of strains Y1 and Y2 have been established, the

effect of further de novo emergence on their prevalence was negligible.

Under these base case assumptions [8, 9], the next generation matrix (NGM) of infections by strains
Y1 and Y2 were oy, and oy, times that of the strain N. Let p;(t) be the proportion of strain j among
all new COVID-19 infections generated at time t. As the pandemic unfolds, p;(t) would increase
monotonically towards 1 if strain j had the highest comparative transmissibility. In our previous work

[8, 9], we have shown that p;(t) can be well-approximated using the equation:
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where i(t) was the total incidence rate (i.e., including three strains), g/ was the generation time
distribution for strain j. In the base case, we assumed that all three strains had the same generation
time distribution with mean 5.4 days [11]. Let Zé be the number of SARS-CoV-2 sequences sampled
on day d that was strain j, and i(t) be a reliable proxy of the incidence rate i(t). We substitute i(t)
with 7(t) and denote the resulting approximation of p;(t) by p;(t). The comparative transmissibility
of strains Y1 and Y2 with respect to strain N (i.e., oy, and ay,) were estimated using the following

likelihood function:
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The statistical inference was performed in a Bayesian framework with non-informative (flat) priors

using Markov Chain Monte Carlo.

Discussion about assumptions of the inference framework

Our inference framework is based on the six assumptions described above and its application on the
comparative transmissibility of 501N, 501Y Variant 1 and 501Y Variant 2 has several limitations.

First, we assumed the three strains cocirculated locally during the study period (September 22 to
November 16, 2020) but our phylogenetic analyses suggest that 501Y Variant 1 and 2 have clear
geographical separation in Wales vs England. Our analyses about comparative transmissibility should
not be substantially affected because 501N cocirculated with 501Y Variant 1 in Wales and 501N
cocirculated with 501Y Variant 2 in England respectively, and the basic reproductive number of 501N
should remain the same. However, the effective reproductive number of 501N might be different in
Wales and England due to different non-pharmaceutical interventions implemented in different
locations (e.g., Tier 1-3 interventions) between September 22 and November 16. Therefore, it is
urgent to compare our estimates of gy and oy, to observed serial interval and effective reproductive

number of 501Y Variant 2 from contact tracing results of cluster of cases.

Second, we assumed the probability that an infected person was selected for sequencing did not
depend on which strain he/she was infected with. Given the geographical separation of 501Y Variant
1 and 2 in Wales and England, it is likely that a person infected with 501Y Variant 2 in England had a
higher probability to be selected for sequencing because England has a much higher coverage of
sequencing pipelines (Figure 2) [3]. Nonetheless, as discussed above, our estimates of comparative

transmissibility should not be substantially biased given 501N was used as the comparator.

Third, we assumed recovery from infection with any strain provided protection against reinfection of

all strains during our study period, but 501Y Variant 2 carries an unusually large number of mutations



and some of them might link to immunoescape that were first identified in immunocompromised
patients, such as A69/A70 (Table S1). It is therefore unknown to what extent a person infected by one
strain is protected against infection of another strain. Future studies of the individual and

combinatorial effects of these mutations to the viral phenotypes are warranted.

Fourth, the currently available data did not allow us to explore whether age-specific susceptibility to
infection was the same for the three strains. If the N501Y mutation would increase the binding to
human ACEZ2, it might increase the susceptibility of children to 501Y Variant 2 [16]. Thus, future
work from contact tracing or household study is required to clarify the role of N501Y and the
associated effects of age-susceptibility.



Table S1. Potential effects of the changes of amino acids on spike protein of SARS-CoV-2

Gene

Changes of amino acids

Potential effects on SARS-CoV-2

Spike

H69, V70 deletion

Enhanced infectivity in cell models [17]; Linked to
immune escape in immunocompromised patients [18]

N501Y Enhanced binding affinity to human ACE2 [4, 5];
Increased occupancy of the open conformation of the
spike protein [6]

P681H Adjacent to the furin cleavage site which is of

biological significance [2]
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Figure S1. The posterior distribution of model parameters
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Figure S2. The MCMC trace plots of model parameter



