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ABSTRACT

Objectives Importations of novel variants of concern
(VOC), particularly B.1.617.2, have become the impetus
behind recent outbreaks of SARS-CoV-2. Concerns around
the impact on vaccine effectiveness, transmissibility and
severity are now driving the public health response to
these variants. This paper analyses the patterns of growth
in hospitalisations and confirmed cases for novel VOCs

by age groups, geography and ethnicity in the context of
changing behaviour, non-pharmaceutical interventions
(NPIs) and the UK vaccination programme. We seek to
highlight where strategies have been effective and periods
that have facilitated the establishment of new variants.
Design We have algorithmically linked the most complete
testing and hospitalisation data in England to create a data
set of confirmed infections and hospitalisations by SARS-
CoV-2 genomic variant. We have used these linked data
sets to analyse temporal, geographic and demographic
distinctions.

Setting and participants The setting is England from
October 2020 to July 2021. Participants included all
COVID-19 tests that included RT-PCR CT gene target data
or underwent sequencing and hospitalisations that could
be linked to these tests.

Methods To calculate the instantaneous growth rate for
VOCs we have developed a generalised additive model fit
to multiple splines and varying day of the week effects.
We have further modelled the instantaneous reproduction
number R, for the B.1.1.7 and B.1.617.2 variants and
included a doubly interval censored model to temporally
adjust the confirmed variant cases.

Results We observed a clear replacement of the
predominant B.1.1.7 by the B.1.617.2 variant without
observing sustained exponential growth in other novel
variants. Modelled exponential growth of RT PCR gene
target triple-positive cases was initially detected in the
youngest age groups, although we now observe across

all ages a very small doubling time of 10.7 (95% Cl 9.1 to
13.2) days and 8 (95% Cl 6.9 to 9.1) days for cases and
hospitalisations, respectively. We observe that growth in
RT PCR gene target triple-positive cases was first detected
in the Indian ethnicity group in late February, with a peak
of 0.06 (95% CI 0.07 to 0.05) in the instantaneous growth
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study is unique in analysing the growth in
hospitalisations by variants of concern in England
and the impact of demographics, geography and
behaviour for the introduction and growth of novel
variants.

= The study calculates growth rates and R, and the
conclusions regarding extrinsic factors are inferen-
tial and descriptive.

= Geographic bias for laboratories that supplied RT-
PCR CT data for the genes ORF1ab, N and S was
evident in England, which led to greater uncertain-
ty for the modelled growth rate estimates in some
regions.

= We did not algorithmically link vaccination status to
each individual as this subset the data further and
reduced the feasibility of meaningful growth rate
analysis, and therefore age groups were used as a
proxy indicator.

= To calculate R, by variant, we had to assume there
to be reasonably consistent ascertainment bias in
the testing data.

rate, but is now maintained by the white ethnicity groups,
observing a doubling time of 6.8 (95% Cl 4.9 to 11) days.
R, analysis indicates a reproduction number advantage

of 0.45 for B.1.617.2 relative to B.1.1.7, with the R, value
peaking at 1.85 for B.1.617.2.

Conclusions Our results illustrate a clear transmission
advantage for the B.1.617.2 variant and the growth in
hospitalisations illustrates that this variant is able to
maintain exponential growth within age groups that are
largely doubly vaccinated. There are concerning signs

of intermittent growth in the B.1.351 variant, reaching

a 28-day doubling time peak in March 2021, although
this variant is presently not showing any evidence of a
transmission advantage over B.1.617.2. Step 1b of the
UK national lockdown easing was sufficient to precipitate
exponential growth in B.1.617.2 cases for most regions
and younger adult age groups. The final stages of NPI
easing appeared to have a negligible impact on the growth
of B.1.617.2 with every region experiencing sustained
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exponential growth from step 2. Nonetheless, early targeted local NPIs
appeared to markedly reduced growth of B.1.617.2. Later localised
interventions, at a time of higher prevalence and greater geographic
dispersion of this variant, appeared to have a negligible impact on growth.

INTRODUCTION

The SARS-CoV-2 virus has had an unprecedented impact
and global reach since the first officially confirmed case
in December 2019." Periods of high global prevalence
of the virus have allowed the emergence of novel muta-
tions through antigenic drift, with evidence this is largely
a reaction to the host immune response.” Furthermore,
we may now begin to see selective mutation in response
to natural and vaccine-induced immunity. The rate of
mutation for coronaviruses has been poorly understood;
however, evidence from seasonal human coronaviruses
HCoV-229E and HCoV-OC43 illustrates that the evolu-
tion of SARS-CoV-2 may have parallels with the influenza
A virus, including more concerning adaptive changes to
the receptor-binding domain (RBD).” In addition, viruses
akin to SARS-CoV-2, that are RNA based, tend to show
high rates of mutation, which are likely to be related to
insufficient proofreading abilities." Imports of novel
variants of COVID-19 are now of great concern as they
become the impetus behind localised outbreaks in the
UK.” A UK government modelling report from June 2021
highlighted the significance of importations® and it was
estimated that SARS-CoV-2 lineages derived from indi-
viduals who had recently travelled had a higher relative
reproduction number.

The vaccination campaign began in England on 8
December 2020 with care home residents, the most clin-
ically vulnerable and hospital staff. This was followed by
an age-stratified structure that commenced with the over
80s on 17 January 2021 and reached the 21-30 age group
by 16 June 2021.” The vaccination campaign began with
Pfizer/BioNTech and AstraZeneca with first doses prior-
itised. The age groups over 40 were primarily adminis-
tered with AstraZeneca; Pfizer/BioNTech and Moderna
were administered largely to the younger age groups in
response to concerns over haemostatic side effects.” The
chief concerns around importations of novel variants
have been driven by immunological escape. A recent trial
in South Africa’ found that the AstraZeneca vaccine had
a two-dose efficacy of 10% against infection from B.1.351
at preventing mild to moderate disease, although this
study used very limited data. Further research found the
B.1.617 variant, which was first detected in October 2020
in India, carries two mutations on the RBD and prelimi-
nary results indicated this may have an impact on vaccine
effectiveness.'” !! B.1.617.2, a sublineage of B.1.617, has
caused global concern due to the rate of growth that has
been observed since it was first sequenced in India. A
recent study'® that analysed the sera of patients infected
with B.1.617.2 found that it has nine spike mutations on
the N-terminal domain and the RBD. This study observed
that B.1.617.2 is resistant to neutralisation with the

efficacy of the Pfizer vaccine around three to six times
less than observed with B.1.1.7. Nonetheless, further
evidence suggests that doubly vaccinated individuals may
still possess robust neutralisation titres against B.1.617.2
and there is still relatively high vaccine effectiveness
against symptomatic disease.”” However, these results do
not take into account that symptomatic status is poorly
recorded for PCR tests in England and that sequenced
B.1.617.2 variant cases were limited at the time.

The evidence of substantial viral epitopic mutation has
necessitated a risk categorisation for novel mutant strains
in the UK. Variants that display epidemiological and
immunological characteristics of concern are defined as
avariant under investigation (VUI) " and after committee
evaluation may be escalated to avariant of concern (VOC).
As of 12 May 2021 there are eight VUIs and five variants
defined as VOCs: B.1.1.7 (VOC-20DEC-01) Alpha, B.1.351
(VOC-20DEC-02) Beta, P.1 (VOC-21JAN-02) Gamma,
B.1.1.7 with E484K (VOC-21FEB-02) and B.1.617.2 (VOC-
21APR-02) Delta."” The most concerning VOCs presently
are B.1.351 and B.1.617.2 due to evidence of diminished
vaccine effectiveness, particularly in the former. There is
also growing evidence that B.1.617.2 has acquired muta-
tions that have increased the viral fitness improving the
transmissibility of this lineage.

In this paper we have used RT-PCR CT data for the genes
ORFlab, N and S and sequenced tests for COVID-19 that
have been algorithmically linked to hospitalisation data
sets. We assess the temporal variability in the growth of
VOCGs relative to the previously predominant B.1.1.7
variant across the geography of the UK. We further
assess how the instantaneous growth rate has changed
across ages, ethnicity and in response to the easing of
non-pharmaceutical interventions (NPIs). Finally, we
assess the relative difference in the reproduction number
between B.1.617.2 and the established B.1.1.7 variant.

METHODS
Epidemiological and clinical data
Accident and emergency (A&E) data set is from the
Secondary Uses Service (SUS) suite of data sets. These data
were linked with the PCR targets from the second gener-
ation surveillance system (SGSS). The linkage allows the
patient’s pathway to be followed and provides additional
information beyond what is obtainable from the stand-
alone data sets. The linkage algorithm has evolved from
research and development undertaken on the two data
sets. The algorithm is primarily based on fields that:
» Identify the patient using a pseudoidentifying number.
» Report the outcome of the A&E attendance.
» Report the method of admission.

Further, the basic principles behind the linkage method
are where:
» The unique patient pseudoidentifier is the same in

A&E and SGSS data.
» The SGSS specimen date is between 6 days before or
14 days after the A&E admissions date.
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For multi-episode spells, the admission date used for the
linkage comes from the first episode in a spell. Linkage
was conducted in a secure research environment and with
full anonymisation of the data. The linked hospitalisation
data were subset nationally by age, region and lower tier
local authority (LTLA).

RT-PCR testing for COVID-19 involves a detection of
three genes ORFlab, N and S. The S-gene mutation in
B.1.1.7 results in a dropout of S-gene detection, providing
an easier prevalence indicator for this variant where
information is available on the RT-PCR gene target. Due
to operational and logistical limitations, sequenced viral
genomic data were limited and therefore we employed the
S dropout in gene target CT value data to identify B.1.1.7
and triple-positive cases (ORFlab, N and S gene positive)
were used as a proxy for the identification of VOCs that
include the B.1.351, P1 and B.1.617.2 variants considered
in this analysis. However, from the end of March 2021,
B.1.617.2 accounted for almost the entirety of triple-
positive variant cases. We analysed S dropout and triple-
positive cases from the Public Health England National
Pathology Exchange (NPEx) data set, which was subset
by travel status, ethnicity, age, region and LTLA. The
RT-PCR data were linked to the SUS data set to acquire
hospitalisations for triple-positive and S dropout variants.
Further genomic sequenced data were acquired through
SGSS and suspected variants from the reflex assays. The
P.1,B.1.617.2, B.1.851 and B.1.1.7 variants were included
in this analysis and other variants were excluded due to
low numbers. Owing to limited data, analysis of genomic
sequenced and reflex assay data was only conducted at a
national spatial resolution.

Instantaneous growth rate and doubling times

The method for the estimation of the time-varying
growth rates and doubling times is adapted from a
generalised additive model with a canonical link.'® '’
We allow for a varying day of the week fixed effect: no
day, weekend or weekday effect. We further fit to cubic
regression splines,'® P-splines,'” thin-plate splines (a low-
rank isotropic smoother),*” Duchon splines (allowing for
lower orders of the derivative in the penalty relative to the
thin-plate splines)*' and Gaussian process smoothers. The
model assumes the number of cases y (t) is proportional
to exp (s (¢)) for some smoother s (t).** The overdispersed
noise inherent in both disease dynamics and surveillance
data motivates the use of a negative binomial error struc-
ture. The instantaneous growth rate is obtained as the
time derivative of the smoother, 7; = §(t), and the instan-
taneous doubling time is calculated as tp = log(2) /5.
Asymptotic confidence intervals (CI) on rs are only indic-
ative of uncertainty on ¢p, especially when the variance
grows as s approaches zero. The number of knots used by
the spline is fixed as one-twentieth the length of the time
series (for time series shorter than 200 days the default
number of knots is used) to avoid oversmoothing the data
or losing signal in the noise. The model for each group,
fit to each spline and day of the week effect, is assessed by

the leave-one-out and the Akaike information criterion

metrics to select the best model fit.

Included in each plot is the date of the first confirmed
case for B.1.1.7, B.1.617.2, B.1.351 and P.1 as they were
considered of most concern at this time due to overall
volume and phenotypic characteristics. In addition, each
step of the national lockdown easing® in England has
been included:

» Step la—schools and universities are to reopen, care
homes allow visitors and recreation within households
and support bubbles are allowed.

» Step 1b—the ‘stay at home’ rule will end and outdoor
sports to resume; furthermore, the rule of 6 begins
and two households can meet outdoors.

> Step 2—non-essential retail, gyms and outdoor hospi-
tality will reopen.

» Step 3—a lifting of most legal restrictions on mixing
outdoors, events of up to 30 persons can be held and
indoor hospitality can recommence.

Instantaneous reproduction number R,

This model used the diagnostic RT-PCR gene target
results for positive tests with the S dropout and triple-
positive cases as a proxy for infections of the B.1.1.7 and
B.1.617.2 variants. We calculate the instantaneous repro-
duction number®* that corresponds to the average quan-
tity of secondary cases that develop from the primary cases
infected at a time period we call t, if conditions remained
constant; defined as:

1
Ri=— 1
>t Temsws

Here I is defined as the quantity of incidence on day t
and w_is the discretised generation time distribution.

This approach was used as it is a reflection of the
instantaneous transmissibility at a given point in time of
the SARS-CoV-2 variant. The limitation of this approach
is that it assumes there is a reasonable consistency in
the ascertainment bias in the testing data and tests with
reported gene target CT values . Individuals who had
a flag for recent travel were removed from the data set
prior to analysis.

The serial interval pertains to the duration of time from
the onset symptoms of a primary case to the onset of symp-
toms for a secondary case that was infected by the primary
case. To account for uncertainty in the serial interval,
we used a Markov chain Monte Carlo (MCMC) simula-
tion model of data sourced from a meta-analysis® that
included studies which have published on the mean and
standard deviations of the serial interval for SARS-CoV-2.

The most complete available testing data for England
are recorded at the specimen date of the test. To calcu-
late the instantaneous reproduction number, we would
optimally use the symptom-onset date of positive cases at
time t. Therefore, to adjust for this temporal discrepancy,
we have adapted a Hamiltonian Bayesian MCMC doubly
interval censored model from Ward and Johnsen® to
calculate temporal changes over time for the lag from
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SARS-CoV-2 Confirmed Positive Cases : England
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Figure 1 Instantaneous growth rate and doubling times for

confirmed positive tests in England by triple-positive and S
dropout variants.

symptom onset to specimen date fitting to a Weibull
distribution.

Patient and public involvement
Patients were not involved in the development of the
research question and study design.

RESULTS

Across all age groups in England we can observe that the
decay rate for triple-positive cases peaked at the start of
February in figure 1. This was followed by a rapid reduc-
tion in the rate of exponential decay for triple-positive
cases and subsequent exponential growth from 25
March, which is 10 days after the first confirmed case of
B.1.617.2. Conversely, we observe exponential decay in
the S dropout cases from 7 January. We can observe that
step la occurred shortly before the exponential growth
of triple-positive cases and a steeper gradient in the line
can be seen after step 1b and step 2. This model had a
sample size of 1 108 537 triple-positive and 1 051 205 S
dropout cases and the model fit to the data can be seen
in figures 2 and 3.

We can observe a sharp reduction in the rate of the
exponential decay for triple-positive hospital admissions
from 14 March in figure 4, which was 1 day before the first
confirmed case of B.1.617.2. The data fit to the model can
be seen in figures 5 and 6 for S dropout and triple-positive
cases, respectively. After linkage with the RT-PCR gene
target data we had a sample size of 35 435 triple-positive
and 64 514 S dropout hospitalisations. We observe expo-
nential growth in triple-positive hospitalisations from 8
April, which is 13 days later than exponential growth was
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Figure 2 The maximum likelihood model fit to the S dropout
confirmed positive testing data.

detected in the testing data. S dropout admissions have
been in exponential decay from 16 January after a peak
in mid-December, which preceded the second wave of
SARS-CoV-2 hospitalisations in England. Wider Cls in the
growth rate estimates for S dropout hospitalisations in
mid-June are a result of the low numbers now observed.

RT-PCR gene target data: SARS-CoV-2-positive tests

Age group

Analysis of the testing data across age groups, seen in
online supplemental appendix A, illustrates that the
earliest reduction in the decay rate for triple-positive

Triple positive Fit compared with model
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SARS CoV-2 Hospitalisations : England
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hospitalisations in England by variants.

variant cases was observed in the youngest age groups
from the end of January. The earliest exponential growth
was observed in the 25-34 age group and this was followed
very shortly by exponential growth in triple-positive cases
in all ages. The 0-24 age group experienced the largest
growth rate in triple-positive cases reaching a doubling
time of 6.30 (95% CI 6.74 to 5.90) days. Step la had a
stark impact on the triple-positive variant growth rate
for the 25—44 age groups and a negligible impact on the
oldest age groups. It was not until step 2 that the over

Triple positive Fit compared with model
o
e | 7 = 8
o
- ©
= o o
- 3
8 4 o
e © =
T <
£ —co
- o
=5 o
o 0 S
: g . £5 3
2 g - £ 32
s 8
c "n
8 o
17 o
s - N
L &
I
Y2}
e
=T e
- 2
vt - !
AU o
- 7
LI L L L L T T
Nov Jan Mar May Nov Jan Mar May

Figure 5 The maximum likelihood model fit to the S dropout
confirmed hospitalisation data.
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Figure 6 The maximum likelihood model fit to the triple-
positive confirmed hospitalisation data.

75 year old age group began to experience exponential
growth in triple-positive variant cases. We observe slightly
wider CIs in the over 75 year old age group, which is due
to smaller case numbers, at this time, producing greater
uncertainty. In these age groups we also observe smaller
numbers leading to larger CIs in S dropout growth esti-
mates that overlap into positive growth.

Region

In the regional testing data we can observe that the North
East 0.12 (95% CI 0.12 to 0.14), the North West 0.09
(95% CI 0.05 to 0.14) and Yorkshire and the Humber
0.15 (95% CI 0.13 to 0.17) are currently experiencing the
largest exponential growth in triple-positive cases, which
can be seen in online supplemental appendix B. We do,
however, observe modest growth in the S dropout cases in
these regions from the start of May with the largest growth
observed in the South West where we observe a doubling
time of 15.8 (95% CI 8.00 to 811.1) days. Nonetheless,
these estimates produce extremely large CIs and the
South West is known to have limited reporting for diag-
nostic RT-PCR gene target CT values, which will lead to
greater uncertainty in growth rate calculations. London
saw the earliest exponential growth in the triple-positive
variant cases and appeared to be the most responsive to
step la. Conversely, the North West did not experience
exponential growth until step 1b. Step 2 had the greatest
impact on the North East, West Midlands, and Yorkshire
and the Humber, which hitherto had only experienced
limited sporadic growth of these cases in the testing data.

Ethnicity

In online supplemental appendix C we can observe that
exponential growth in triple-positive cases began in the
Indian ethnicity group from late February reaching a
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doubling time of 11.3 (95% CI 9.7 to 13.5) days, which
is now in exponential decay. Moreover, we observed a
very steep growth in the Pakistani ethnicity group from
10 April that coincided with the religious festival of
Ramadan and reached a doubling time of 4.8 (95% CI
4.4 to 5.2) days on 4 May. It is evident that the growth
of the triple-positive cases since 7 April has been strongly
sustained by the white ethnicity groups with a doubling
time of approximately 7 days.

Lower tier local authority

From the subset of LTLAs analysed (full results can be
seen in online supplemental appendix D), we currently
observe the shortest doubling time for triple-positive
cases to be in Blackpool, 3.9 (95% CI 3.2 to 4.8) days,
and Kirklees, 5.6 (95% CI 4.5 to 7.4) days. Birmingham
experienced the earliest intermittent growth of the
triple-positive cases shortly prior to step la. However,
Bolton and Blackburn with Darwen saw the earliest
sustained exponential growth in triple-positive cases
reaching 0.16 (95% CI 0.15 to 0.18) and 0.14 (95% CI
0.16 to 0.11), respectively, before interventions, that
included surge testing, increased vaccination and public
health awareness campaigns,?” appeared to slow growth
substantially. Nonetheless, the interventions in Burnley
and Kirklees®™ had limited success, which is apparent
in online supplemental appendix D. It is striking that
for LTLAs in the North West like Manchester the rate
of exponential decay began to reduce from the end of
January, which was over a month before the relaxation
in NPIs began with step la. This is not observed for S
dropout cases and this illustrates that triple-positive
variant transmission was able to increase despite a strict
national lockdown.

RT-PCR gene target data: SARS-CoV-2-positive
hospitalisations

Age group

In online supplemental appendix E, we observe that the
65-74 age group saw the earliest wave of growth in triple-
positive variant-attributed hospitalisations at the end of
March, after step 1b. Nonetheless, most age groups only
experienced exponential growth after step 2, resulting
from the wave of infections caused by earlier NPI restric-
tion easing steps. Akin to the results observed for triple-
positive tests, we now see corresponding strong growth
in hospitalisations for the youngest age groups of 0-24:
0.11 (95% CI 0.07 to 0.15), 25-34: 0.12 (95% CI 0.08 to
0.15) and 35-44: 0.07 (95% CI 0.04 to 0.11). This is indic-
ative of where the epidemic was growing in the popu-
lation, and therefore the ages that had seen the largest
concentration of infections. The analysis for the over 65
years old age group indicates congruent growth and very
short doubling times, although there is greater uncer-
tainty in these estimates due to smaller numbers presently
observed.

Region

The region that observed the earliest exponential growth
in triple-positive cases that could be attributed to B.1.617.2
was London, seen in online supplemental appendix F,
followed very shortly by the East of England and Yorkshire
and the Humber. This is not consistent with the growth
rate analysis of the positive tests for the East of England
and Yorkshire and the Humber, which may be indicative
of the lower laboratory reporting coverage for diagnostic
RT-PCR gene target CT values in these regions that will
bias the results to areas of higher coverage. However,
this may also be a consequence of triple-positive variant
infections being less concentrated in the younger ages in
the East of England and Yorkshire and the Humber. The
wave of triple-positive variant-attributed hospitalisations
observed that occurred across the regions around the
introduction of step 2 is a palpable consequence of steps
la and 1b with the exception of the South East and South
West, which did not experience sustained exponential
growth until the effects of the step 2 restriction easing
had impacted transmission. The hospitalisation analysis
illustrates the most substantial growth in hospitalisations
now observed, with the tightest CIs, can be seen in the
North West 0.12 (95% CI 0.09 to 0.15) and also the South
East 0.14 (95% CI 0.08 to 0.20). The highest central esti-
mate is in the North East with a doubling time of 3.4 days,
but with large Cls that may be related to poor CT value
reporting coverage in this area.

Lower tier local authority

Following the early sustained exponential growth in
triple-positive cases in Bolton and Blackburn with
Darwen we also concurrently observe the earliest growth
in hospitalisations that can be attributed to triple-positive
cases in these areas. The highest rates of growth pres-
ently observed for the LTLAs of concern, included in
this analysis, are in Salford and Trafford with doubling
times of 3.3 (95% CI 2.4 to 5.8) and 4 (95% CI 2.5 to
10.7) days, respectively, with full LTLA analysis in online
supplemental appendix G. We also observe in an LTLA in
Yorkshire and the Humber, Kirklees, a comparably short
doubling time of 4.2 (95% CI 2.5 to 12.4) days but with
larger Cls that are a by-product less diagnostic RT-PCR
gene target laboratory reporting in this region.

The instantaneous reproduction number R,

To parametrise the R, model, we have calculated the
minimum, maximum, standard deviation and mean of
the values from the Reed et al's® meta-analysis, with results
in online supplemental appendix H, to create an MCMC
simulation of the serial interval distribution. For this
model, we further calculated the time lag from symptom-
onset date to specimen date in England that can be seen
in online supplemental appendix I. The results show a
marked reduction from the first wave of SARS-CoV-2 in
England, January to May 2020, which may be related to
an improved public health message and more effective
contact tracing. The sample size used in this model was
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Figure 7 The instantaneous reproduction number for S
dropout and triple-positive cases.

1 040 387 and 1 020 664 for S dropout and triple-positive
variant cases, respectively.

Analysis of the instantaneous reproduction number
in figure 7 illustrates that from mid-March R began to
grow for triple-positive cases reaching 1.85 by mid-April.
The short reduction in R for triple-positive cases at the
end of March is a probable consequence of targeted local
interventions.” Nonetheless, we observe that B.1.1.7 has
been below 1 since January apart from a brief period of
growth in March with the reopening of schools. The R
estimates imply the greater transmissibility for the triple-
positive dominant variant B.1.617.2 and from the time of
the first confirmed case we observe an average reproduc-
tion number advantage of 0.45.

Genomic sequenced and reflex assays: SARS-CoV-2-positive cases
The sample size for each variant included in this model:
» B.1.1.7 (225 034).

» B.1.351 (933).

» B.1.617.2 (91 960).

» P.1(223).
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Figure 8 Instantaneous growth rate and doubling times of
confirmed positive cases by the highest priority variants of

interest.

Analysis of the sequenced genomic data and reflex
assays in figure 8 illustrates that since the first detected
case of B.1.617.2 in England there has been sustained
exponential growth in this variant with a doubling time
of 7 days now observed. It is apparent that P.1 has not
managed to gain much traction and has been in steady
decline from the time of first detection and importation.
B.1.1.7, as can be observed in the S dropout results, has
been in exponential decay since January after a period of
high prevalence contributing to the second wave of the
SARS-CoV-2 epidemic in the UK. B.1.351 conversely has
seen periods of growth and decay but without a substantial
period of sustained growth that would allow this variant
to become established and more significant. However, we
observed exponential growth in B.1.351 from the start of
February during a national lockdown in England, which
began to decline after localised NPIs and the introduc-
tion of B.1.617.2. There are concerning signs that this
variant now continues to experience intermittent growth
although from a very low baseline. It is not clear that the
NPI easing had a substantial impact on increasing B.1.1.7
transmission, which is likely to be related to competition
with B.1.617.2 from early 2021.

DISCUSSION

There has been a reduction in the exponential decay
rate of triple-positive cases since February in England
and exponential growth since April. It is evident from
figure 8 that B.1.617.2 has been the dominant triple-
positive variant and that other imported variants have
thus far failed to compete effectively and have been
largely in exponential decay. The results indicate the
earliest localised outbreaks of B.1.617.2 were concen-
trated in Bolton and Blackburn with Darwen in the North
West of England, which is corroborated by triple-positive
attributed tests and hospitalisations. Analysis of the
testing data at a regional spatial scale, however, indicates
the earliest exponential growth of cases that could be
attributed to B.1.617.2 was in London, the East Midlands,
the South East and the South West, with the North West
experiencing exponential growth later than these regions
and after step 1b. Analysis of B.1.617.2-attributed hospi-
talisations corroborates the early growth in London;
however, analysis suggests Yorkshire and the Humber and
the East of England may have experienced some of the
earliest outbreaks. This may be a consequence of these
regions having a greater concentration of cases in older
age groups. However, these regions also experience less
complete laboratory reporting for diagnostic RI-PCR CT
gene target data, which may disguise possible outbreaks.
S dropout cases, the proxy for B.1.1.7, have been largely
in exponential decay since the January national lockdown
in the UK with isolated areas of growth. Further research
should focus on whether we can observe greater growth
in B.1.1.7 for the areas that have a larger proportion of
unvaccinated individuals.
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Table 1 Proportion of each age group who have received their first vaccination by the end of each month

Month 18-29 30-39 40-49 50-59 60+
December 0.5 0.8 1.2 1.4 5.3
January 4.6 6.0 8.1 10.2 40.0
February 9.2 12.6 18.7 28.8 79.3
March 15.9 21.9 36.5 81.5 91.8
April 17.3 24.9 5515 84.4 92.4
May 21.8 47.8 74.2 85.9 92.9
June 50.2 63.1 76.9 86.7 93.2

A limitation of this study is that it does not directly
include the vaccination status of the infections in the anal-
ysis, and therefore the analysis employs age as a proxy for
vaccination status. This is due to limitations in sequencing
and RT-PCR CT gene target data coverage, which after
linkage with vaccination status preclude meaningful
analysis for the growth and reproduction number of the
groups included. The very high rates of vaccination in the
oldest age groups seen in tables 1 and 2 illustrate a clear
stratification between ages: by the end of June over 91.1%
of those over the age of 60 had received two doses of the
vaccination and that most individuals under the age of
50 had not received their second dose of the vaccination
by July.

The arrival of a VOC can result in higher rates of testing
and sequencing for specific LTLA geographic locations.
However, this targeted approach was not conducted to
a considerable extent for B.1.617.2 due to how quickly
transmission became widespread in England. Nonethe-
less, the sporadic growth we observe in B.1.351, which
has failed to maintain growth in the absence of importa-
tions, has been influenced by surge testing and enhanced
contact tracing of locations where this variant has been
found. Targeted surge testing in response to importa-
tions of B.1.351 began in 2021 for LTLAs on 9 February
in Lambeth® and ran until 16 March in Sandwell.”’ These
interventions showed success in slowing the growth of
this variant in April, apparent in figure 8, before expo-
nential growth was again observed in June. The primary
limiting factor for the analysis conducted is geographic
reporting bias, with the North West observing the highest
proportion of laboratories reporting diagnostic RT-PCR

CT values with gene target data across the period of this
study, which can be seen in figure 9. Conversely, the
lowest levels of coverage have been observed in the South
West, East of England and East Midlands. However, this
geographic bias is temporally variable as changes in labo-
ratory capabilities evolve over the pandemic.

We observe in online supplemental appendix C that
exponential growth in triple-positive cases was initially
seen in February within the Indian ethnicity group,
which was due to importations of the B.1.617.2 variant.
Growth in this group has subsequently declined and we
can see from our results in early April that B.1.617.2 has
now been largely sustained in the white and black British
ethnicity groups. This illustrates from April the variant
was no longer dependent on importations to maintain
exponential growth in England. Interestingly, we observe
exponential growth in the Pakistani ethnicity group
around the holiday of Ramadan and this is indicative of
the significance of public and religious events in driving
significant outbreaks of SARS-CoV-2, further exemplified
by the Christmas period in the UK when we observed
similar growth in the B.1.1.7 variant. We can discern that
the first phase of the relaxation of the national lockdown
in step 1a,® the reopening of schools, appeared to have
the earliest impact on London for triple-positive variant
growth, although this region was already experiencing the
beginnings of exponential growth prior to this step. Expo-
nential growth was observed across all regions before the
final easing of national restrictions in step 3. The earliest
targeted local NPIs to contain B.1.617.2 variant began in
Bolton on 30 March 2021 and on 14 May 2021 in Black-
burn with Darwen,32 with further measures brought in

Table 2 Proportion of each age group who have received their second vaccination by the end of each month

Month 18-29 30-39 40-49 50-59 60+
December 0.0 0.0 0.0 0.0 0.0
January 0.1 0.2 0.3 0.4 2.6
February 0.3 0.5 0.7 0.8 2.9
March 2.3 3.3 4.5 5.6 15.7
April 6.3 8.4 12.0 17.3 62.0
May 11.9 16.9 27.3 54.7 87.4
June 16.7 24.9 50.1 81.9 91.1
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Figure 9 A map of the proportion of RT-PCR tests with gene
target data by English region from October 2020 to July 2021.

later for these LTLAs. The targeted interventions showed
some success in precluding triple-positive case growth in
these areas, evidenced by online supplemental appendix
D. Later interventions that targeted further LTLAs to
limit the transmission of B.1.617.2* experienced limited
success which is apparent, for instance, in Kirklees and
Burnley (seen in online supplemental appendix D).
Therefore, once transmission of the B.1.617.2 variant
became more widespread in England, the efficacy of
these targeted approaches including surge testing, vacci-
nation campaigns and travel restrictions was limited.
The East Midlands, which had the slowest prior growth
of S dropout cases in December, had a subsequent wave
of exponential growth in March that was not present or
weakly observed in other regions. The high level of prev-
alence for SARS-CoV-2 now observed in England is facili-
tating sporadic growth of S dropout cases that can be seen
in the North West, North East, South West and Yorkshire
and the Humber, where it is growing from a very small
baseline.

The implications for the strong growth in triple-positive
cases followed by similar patterns in the hospitalisations
are very significant for the implications of vaccine effec-
tiveness. We presently observe significant growth in the
younger age groups that have a low infection hospitalisa-
tion rate for SARS-CoV-2 infection” and have only largely
received one dose of a vaccine at the time of this study.™
Nonetheless, growth within the hospitalisations will
be largely indicative of the demographic groups where
infections are primarily concentrated at that time. Signifi-
cantly, we observe early trends from late March in the
largely doubly vaccinated, over-65-year-old groups, which
is now particularly pronounced in the 75-84 group where
we can observe a doubling time of almost 4 days. The

regions that are seeing the most concerning growth in
triple-positive hospitalisations are the North West, North
East and South East, which is very much in line with where
we observed the earlier growth in positive cases, although
it is now evident that the variant is in exponential growth
throughout England.

We can observe in figure 7 that the R number showed
some growth in the B.1.1.7-attributed infections in March
when overall incidence began to initially surge across
England in reaction to step 1a. However, since this time it
has hovered around 0.8 and we observe largely exponen-
tial decay across the country, with some sporadic growth
evidenced by the regional analysis in online supplemental
appendix B. If R continues to be <1 then transmission of
this variant within England is likely to decay to insignifi-
cance. There is believed to be an increased risk of within-
household transmissibility of 60% for B.1.617.2%7 relative
to B.1.1.7. Similarly, we find a transmission advantage for
B.1.617.2, with the mean difference for R found in this
study to be 0.45.

CONCLUSION

To conclude, the sustained exponential growth in cases
of sequenced B.1.617.2 and the exponential decay of
other triple-positive variants illustrate that this variant
now causes most of the RT-PCR triple-positive case trans-
mission in England. The reduction in the exponential
decay rate for confirmed triple-positive variant cases in
February 2021 indicates that B.1.617.2 appeared quite
a lot earlier than the first confirmed case in March and
the relaxation of NPIs coincided with exponential growth
in this variant. We can see that growth of B.1.617.2 was
initially concentrated in the LTLAs Bolton and Blackburn
with Darwen in the North West. However, regional anal-
ysis suggested earlier and greater geographic dispersion
with Yorkshire and the Humber, the East of England and
London experiencing the earliest exponential growth
for B.1.617.2-attributed hospitalisations. The B.1.617.2
variant has now spread across the country with a doubling
time of 8 (95% CI 6.9 to 9.1) days for hospitalisations.
The study illustrates a substantial transmission advan-
tage for the B.1.617.2 variant relative to B.1.1.7 and we
estimate the reproduction number advantage is around
0.45. There have been small indications of growth in
B.1.1.7 with R above 1 in March, which was in line with
temporal increases observed for B.1.617.2 but it is now
clear that there has been a replacement of the predom-
inant B.1.1.7 variant. We have observed some worrying
trends in B.1.351 although it has failed to gain traction
and a sustained enough period of growth for this variant
to become a substantial public health concern.
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