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Abstract
Background
England entered a third national lockdown from 6 January 2021 due to the COVID-19
pandemic. Despite a successful vaccine rollout during the first half of 2021, cases and
hospitalisations have started to increase since the end of May as the SARS-CoV-2 Delta
(B.1.617.2) variant increases in frequency. The final step of relaxation of COVID-19
restrictions in England has been delayed from 21 June to 19 July 2021.
Methods
The REal-time Assessment of Community Transmision-1 (REACT-1) study measures the
prevalence of swab-positivity among random samples of the population of England. Round
12 of REACT-1 obtained self-administered swab collections from participants from 20 May
2021 to 7 June 2021; results are compared with those for round 11, in which swabs were
collected from 15 April to 3 May 2021.
Results
Between rounds 11 and 12, national prevalence increased from 0.10% (0.08%, 0.13%) to
0.15% (0.12%, 0.18%). During round 12, we detected exponential growth with a doubling
time of 11 (7.1, 23) days and an R number of 1.44 (1.20, 1.73). The highest prevalence was
found in the North West at 0.26% (0.16%, 0.41%) compared to 0.05% (0.02%, 0.12%) in the
South West. In the North West, the locations of positive samples suggested a cluster in
Greater Manchester and the east Lancashire area. Prevalence in those aged 5-49 was 2.5
times higher at 0.20% (0.16%, 0.26%) compared with those aged 50 years and above at
0.08% (0.06%, 0.11%). At the beginning of February 2021, the link between infection rates
and hospitalisations and deaths started to weaken, although in late April 2021, infection
rates and hospital admissions started to reconverge. When split by age, the weakened link
between infection rates and hospitalisations at ages 65 years and above was maintained,
while the trends converged below the age of 65 years. The majority of the infections in the
younger group occurred in the unvaccinated population or those without a stated vaccine
history. We observed the rapid replacement of the Alpha (B.1.1.7) variant of SARS-CoV-2
with the Delta variant during the period covered by rounds 11 and 12 of the study.
Discussion
The extent to which exponential growth continues, or slows down as a consequence of the
continued rapid roll-out of the vaccination programme, including to young adults, requires
close monitoring. Data on community prevalence are vital to track the course of the epidemic
and inform ongoing decisions about the timing of further lifting of restrictions in England.
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Introduction
The global distribution of COVID-19 cases and deaths is being driven by the emergence of
more transmissible variants [1], variation in levels of population immunity obtained either
from infection or vaccination [2], and by the degree of physical, social and workplace mixing
[3]. Since late December 2020, in England, a successful vaccination campaign [4] has
substantially increased population immunity while the gradual easing of the third national
lockdown has led to an increase in social mixing [5]. Since the end of April 2021, the Delta
(B.1.617.2) variant, first identified in India, has been replacing the Alpha (B.1.1.7) variant,
first identified in the UK [6], in routinely collected genomic data [7], and case numbers and
hospitalisations have started to rise [8]. These factors informed the decision to implement a
four-week delay in the final stage of easing lockdown restrictions in England from 21 June to
19 July [9].
Here we report results from the twelfth round of the REal-time Assessment of Community
Transmission-1 study (REACT-1) involving a random sample of the population of England.
We invited named individuals to provide a throat and nose swab for RT-PCR testing for
SARS-CoV-2 virus, and to answer an online questionnaire [10,11]. In round 12 we obtained
self-administered swab collections from participants from 20 May 2021 to 7 June 2021. We
compare these results to those from round 11 of REACT-1, in which swabs were collected
from 15 April to 3 May 2021.
Results
In round 12 we obtained 135 positives overall from 108,911 valid swabs giving a weighted
prevalence of 0.15% (0.12%, 0.18%) (Table 1). This compares with weighted prevalence in
round 11 of 0.10% (0.08%, 0.13%).
We saw exponential growth in the proportion of swabs that were positive during round 12
(Figure 1). Using constant growth rate models we found strong evidence for a recent
increase in R during round 12: R was 1.44 (1.20, 1.73) with >99% probability that R > 1
(Table 2) and with a doubling time of 11 (7.1, 23) days; the rate of growth was slightly lower
with use of a P-spline model (Figure 2). From round 11 to round 12, R was 1.07 (1.03, 1.12).
After previously documented declines in swab positivity in England [12] we estimate a
turning point on or around 13 May (18 April, 21 May) after which prevalence started to
increase (Figure 1, Figure 3).
Regional R between rounds 11 and 12 was above one with probability ≥95% in the North
West, East Midlands and East of England (Table 3). For other regions, there was no strong
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evidence that R was different from one between rounds 11 and 12. There were too few data
to estimate regional R within round 12 alone. We therefore estimated P-splines for the five
northernmost regions combined and the four southernmost regions combined and found a
sustained upward trend in the North with more recent growth in the South (Figure 4).
We found substantial heterogeneity in prevalence between regions. Weighted prevalence
was higher in the North West at 0.26% (0.16%, 0.41%) compared to 0.05% (0.02%, 0.12%)
in the South West (Table 4, Figure 5, Figure 6). In the North West, the locations of positive
samples suggested a cluster in Greater Manchester and the east Lancashire area.
Weighted prevalence in round 12 was five-fold higher in 5-12 and 18-24 year olds at 0.35%
(0.23%, 0.54%) and 0.36% (0.20%, 0.64%) respectively compared with people ages 65 and
above (Table 4, Figure 7); and 2.5 times higher in those aged 5-49 years at 0.20% (0.16%,
0.26%) compared with those aged 50 years and above at 0.08% (0.06%, 0.11%) (Table 5).
P-spline estimates for those aged 5-49 years and those aged 50 years and above showed
similar recent upturns in prevalence, but at a higher level in the younger age group (Figure
8).
We carried out multivariable (mutually adjusted) logistic regression for key variables (Table
6). Odds of swab-positivity among healthcare and care home workers were reduced at 0.37
(0.16, 0.87) and other key workers at 0.55 (0.32,0.94) compared with other workers. Those
living in the most deprived neighbourhoods had odds of swab-positivity of 1.94 (1.08, 3.51)
compared with those living in the least deprived neighbourhoods.
We investigated the relationship between swab-positivity, as estimated in rounds 1 to 11 of
REACT-1, and deaths and hospital admissions with lags of 26 and 19 days respectively for
all ages combined (Figure 9). Since the beginning of February the trend in deaths and
hospitalisations diverged from that in infection prevalence while the trend for hospitalisations
started to reconverge during late April 2021 (Figure 9). When stratified by age, different
patterns emerged. For deaths, continued divergence was observed at ages 65 years and
above while the trends began to converge for those aged less than 65 years (Figure 10,
Figure 11). However, rapid convergence between infection prevalence and hospital
admissions was observed for the younger age group from May 2021 (Figure 10, Figure 11)
— infections were substantially more frequent in the younger participants who were
unvaccinated or who did not report vaccine status than in those who reported being
vaccinated (Table 7).
We observed the near replacement of the Alpha variant of SARS-CoV-2 with Delta during
the period covered by rounds 11 and 12 of the study (15 April to 7 June) (Table 8). During

4

round 12, the proportion of positive samples for which lineages could be obtained that were
the Delta variant rose from ~60% to ~90% (Figure 12). Geographically, while we only
detected Delta variant in two positive swabs in London during round 11 (15 April to 3 May), it
became the sole lineage detected in the North West, East Midlands, South East and London
during round 12 (Figure 13).
Discussion
Our results from REACT-1 round 12 showed an exponential increase in prevalence during
the period 20 May to 7 June 2021, with prevalence rising 50% compared with the previous
round (15 April to 7 May 2021). We estimate a doubling time of 11 days and R robustly
above one at 1.44. This period of rapid growth coincides with the Delta variant becoming the
dominant variant in England [13].
We observed that growth was being driven by younger age groups, with five-fold higher
rates of swab-positivity among younger children (ages 5 to 12 years) and young adults (18
to 24 years) compared with those aged 65 years and older, and 2.5-fold higher rates among
those below 50 years compared with those 50 years and above. These age patterns suggest
that recent expansion of the vaccine programme to those aged 18 years and above [14]
should help substantially to reduce the overall growth of the epidemic. The observed
patterns may reflect increased social interactions among children and young adults as
schools remain open and lockdown eases, as well as high vaccine uptake among older
people.
Compared with our previous report covering the period 15 April to 3 May 2021, we have
seen a rapid replacement of the Alpha variant by the Delta variant, such that at the
beginning of the current round (20 May 2021) we estimate that around 60% of swab-positive
tests were due to the Delta variant, rising to around 90% at the end of the round (7 June
2021).
We observed differing relationships between infection prevalence as measured in REACT-1
and hospitalisations and deaths from routine data sources; while we saw divergence of
these patterns among the largely double-dose vaccinated population at older ages (65 years
and above), at younger ages (less than 65 years) there has been a recent convergence in
these patterns. This suggests a more direct link between infections and hospitalisations
among this younger group with infections occurring predominantly among participants who
were unvaccinated or did not provide a vaccination history. Our findings are in keeping with
the high efficacy of the vaccines (ChAdOx1-S and BNT162b2) in preventing hospitalisations
and deaths among the fully vaccinated population [15].
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We found regional differences in swab-positivity with highest rates in the North West and
lowest in the South West; though both northern and southern regions showed increasing
trends in swab-positivity in the most recent data, compatible with the widespread distribution
of the Delta variant across England. At a sub-regional level, there were pockets of high
prevalence particularly in areas of the North West where surge testing is being undertaken in
response to high infection rates [15,16].
Deprivation remained a key risk factor for swab-positivity, with a nearly two-fold higher
adjusted odds of swab-positivity among participants living in the most deprived areas versus
those in the least deprived areas. The finding of higher risk of infection among people living
in the most deprived areas has been reported by us previously [17] and by others [18] likely
reflecting a combination of working conditions, housing, overcrowding and access to outdoor
space.
There are a number of limitations to our study. We changed our sampling strategy in round
12 in order to improve precision of prevalence estimates in more urban and deprived areas,
especially at relatively low prevalence: rather than aiming to achieve similar sample sizes by
lower-tier local authority (LTLA), as in previous rounds, we selected our sample to be
proportionate to population by LTLA. This had the effect of increasing the numbers sampled
in urban areas and decreasing those in rural areas. Although this may have affected
comparison of unweighted prevalence across rounds, it should not affect comparisons of
weighted estimates, since, in each round, we use weighting to correct our prevalence
estimates to be representative of England as a whole.
Nonetheless, the change in sampling strategy will affect participation rates since
participation is higher in more affluent rural areas (which have been down-sampled) than in
more deprived urban areas (up-sampled). Here we report an overall response rate of 13.4%
compared with 15.5% at the previous round [12]. Participation rates may also have been
affected by the availability of ‘surge’ testing (including among non-symptomatic people) in
areas of high prevalence. In addition, willingness to take part in a national surveillance
programme such as REACT-1 may have reduced as lockdown eases and individuals are
less likely to be available at home, e.g. for courier pick-up of the completed swab.
Notwithstanding these limitations we believe that, by weighting by key socio-demographic
variables, we are able to capture representative estimates of community prevalence of
swab-positivity for SARS-CoV-2 over time, person and place across England. Furthermore,
short-term trends in the data should be less affected by issues of non-response, allowing us
to accurately characterise exponential growth.
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In summary, we report exponential growth in prevalence of swab-positivity across England
driven by younger age groups, during the period 20 May to 7 June. This was accompanied
by a rapid replacement of the Alpha variant by the Delta variant. The extent to which
exponential growth continues, or slows down as a consequence of the continued rapid
roll-out of the vaccination programme, including to young adults, requires close monitoring.
Data such as those presented here are vital to track the course of the epidemic and inform
ongoing decisions about the timing of further lifting of restrictions in England.
Methods
REACT-1 involves the collection of a self-administered throat and nose swab sample sent for
RT-PCR testing from a random sample of the population in England at ages 5 years and
above (administered by parent/guardian for ages 5 to 12 years) [10]. The population sample
is obtained from the National Health Service (NHS) register of patients. Unlike previous
rounds of REACT-1, we adjusted the sampling procedure in round 12 to select the sample
randomly in proportion to population at LTLA level (previously we aimed for similar numbers
of participants in each LTLA). To reflect the move into a lower prevalence regime, this
revised sampling frame gives more weight to higher population density LTLAs in urban areas
versus lower population density LTLAs in rural areas. However, data should be comparable
across rounds as we re-weight the data to be representative of England as a whole. We sent
out 814,633 invitations to people registered with a GP on the NHS register resulting in the
dispatch of 161,037 (19.8%) test kits, yielding 108,911 (67.6%) completed swabs with a valid
test result. This gave an overall response rate of 13.4% (valid swabs divided by total number
of invitations).
We estimate RT-PCR swab-positivity both as crude prevalence without weighting, and to
adjust for variable non-response we then weight the findings according to age, sex, local
authority counts, ethnicity and deprivation. In this way, we aim to provide prevalence
estimates by socio-demographic and other characteristics that are representative of the
population of England as a whole.
We use exponential growth models to estimate the reproduction number R both across
successive rounds and within rounds. We also provide estimates of R for i) different
cut-points of cycle threshold (Ct) values for swab-positivity and ii) non-symptomatic people in
the previous week.
We fit a smoothed P-spline function to the daily prevalence data (weighted) across all
rounds, with knots at 5-day intervals, to investigate time-trends in prevalence, at all ages, for
those under 50 years and those 50 years and above, and for Northern regions (including
7

Midlands) and Southern regions. We then estimate scaling parameters corresponding to the
percentage of people who are swab-positive in the population on a particular day that is
associated with future hospitalisations or deaths offset by a suitable lag period — and
compare daily prevalence data from rounds 1-11 of REACT-1 with publicly available national
daily hospital admissions and COVID-19 mortality data (deaths within 28 days of a positive
test). This gives an indication as to any alterations in the link between infection prevalence
and subsequent hospitalisations and deaths, which we estimated both for all ages and for
those aged under 65 years and 65 years and above.
Spatial analyses were undertaken based on nearest neighbours to estimate neighbourhood
prevalence (the median number of neighbours within 20 km).
Viral genome sequencing was carried out for RT-PCR positive swab samples with sufficient
sample volume and N-gene Ct values < 32. Viral RNA was amplified using the ARTIC
protocol [16] with sequencing libraries prepared using CoronaHiT [19]. Sequencing data
were analysed using the ARTIC bioinformatic pipeline [20] with lineages assigned using
PangoLEARN [21].
Statistical analyses were carried out in R [14]. Research ethics approval was obtained from
the South Central-Berkshire B Research Ethics Committee (IRAS ID: 283787). The
COVID-19 Genomics UK Consortium (COG-UK) study protocol was approved by the Public
Health England Research Ethics Governance Group (reference: R&D NR0195).
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Tables and Figures
Table 1. The unweighted and weighted prevalence of swab-positivity across 12 rounds of
REACT-1.
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Table 2. Estimates of national growth rates, doubling times and reproduction numbers for
round 12, and round 11 to round 12.
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Table 3. Estimates of regional growth rates, doubling times and reproduction numbers for
round 11 to round 12.

14

Table 4a. Unweighted and weighted prevalence of swab-positivity for sex, age, region and
other key variables for round 12.
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Table 4b. Unweighted and weighted prevalence of swab-positivity for sex, age, region and
other key variables for round 11.
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Table 5. Weighted prevalence of swab-positivity for 5-49 years and 50 years and above age
group for rounds 11 and 12.
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Table 6. Multivariable logistic regression for rounds 11 and round 12 .
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Table 7. Prevalence of infection for younger and older age groups by self-reported vaccine
status.
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Table 8. Percentage of variants from positive samples for which a lineage could be
accurately assessed.
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Figure 1. Prevalence of national swab-positivity for England estimated using a P-spline for
all twelve rounds with central 50% (dark grey) and 95% (light grey) posterior credible
intervals. Shown here for the entire period of the study with a log10 y-axis. Weighted
observations (black dots) and 95% binomial confidence intervals (vertical lines) are also
shown. Note that the period between round 7 and round 8 (December) of the model is not
included as there were no data available to capture the late December peak of the epidemic.
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Figure 2. Comparison of the P-spline model and exponential model fit to round 12 only.
Prevalence of national swab-positivity for England estimated using a P-spline for all twelve
rounds with central 50% (dark grey) and 95% (light grey) posterior credible intervals. Shown
here for rounds 11 and 12 with a log10 y-axis. Prevalence of national swab-positivity for
England estimated using an exponential model for round 12 (red) and 95% credible intervals
(light red). Weighted observations (black dots) and 95% binomial confidence intervals
(vertical lines) are also shown.
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Figure 3. Probability density of the date of minimum prevalence as inferred from the national
P-spline model.
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Figure 4. Prevalence of swab-positivity for the North of England (North West, North East,
Yorkshire and The Humber, East Midlands and West Midlands) and the South of England
(East of England, London, South East and South West) estimated using a P-spline for all
twelve rounds with central 50% (dark grey) and 95% (light grey) posterior credible intervals.
Shown here for the period of the study since January 2021 with a log10 y-axis. Weighted
observations (black dots) and 95% binomial confidence intervals (vertical lines) are also
shown.
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Figure 5. Weighted prevalence of swab-positivity by region for rounds 11 and 12. Bars show
95% confidence intervals.
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Figure 6. Geographical distribution of swab-positives in round 12. A Jittered location of all
135 positive samples detected. B Neighbourhood smoothed average prevalence by lower
tier local area. Neighbourhood prevalence calculated from nearest neighbours (the median
number of neighbours within 20 km in the study). Average neighbourhood prevalence
displayed for individual lower-tier local authorities. Regions: NE = North East, NW = North
West, YH = Yorkshire and The Humber, EM = East Midlands, WM = West Midlands, EE =
East of England, L = London, SE = South East, SW = South West.
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Figure 7. Weighted prevalence of swab-positivity by age for rounds 11 and 12. Bars show
95% confidence intervals.
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Figure 8. Prevalence of swab-positivity for those aged under 50 and those aged 50 and
over estimated using a P-spline for all twelve rounds with central 50% (dark grey) and 95%
(light grey) posterior credible intervals. Shown here for the period of the study since January
with a log10 y-axis.
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Figure 9. A comparison of daily deaths and hospitalisations to swab positivity as measured
by REACT-1. Daily swab positivity for all 12 rounds of the REACT-1 study (black points with
95% confidence intervals, left hand y-axis) with P-spline estimates for swab positivity (solid
black line, shaded area is 95% confidence interval). (A) Daily deaths in England (red points,
right hand y-axis) and P-spline model estimates for expected daily deaths in England (solid
red line, shaded area is 95% confidence interval, right hand y-axis). Daily deaths have been
shifted by 26 (26, 26) days backwards in time along the x-axis. The two y-axis have been
scaled using the best-fit scaling parameter 0.060 ( 0.059, 0.062). (B) Daily hospitalisations in
England (blue points, right hand y-axis) and P-spline model estimates for expected daily
hospitalisations in England (solid blue line, shaded area is 95% confidence interval, right
hand y-axis). Daily hospitalisations have been shifted by 19 (19, 20) days backwards in time
along the x-axis. The two y-axes have been scaled using the best-fit scaling parameter 0.24
(0.24, 0.25).
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Figure 10. A comparison of daily deaths and hospitalisations to swab positivity as measured
by REACT-1, by age group. Daily swab positivity for all 11 rounds of the REACT-1 study
(black points with 95% confidence intervals, left hand y-axis) with P-spline estimates for
swab positivity (solid black line, shaded area is 95% confidence interval) for (A, C) those
aged under 64 and (B,D) those aged 65 and over. (A) Daily deaths for those aged 64 and
under in England (red points, right hand y-axis) and corresponding P-spline model estimates
for the expected number of deaths (solid red line, shaded area is 95% confidence interval,
right hand y-axis). Daily deaths have been shifted by 29 (28, 29) days backwards in time
along the x-axis. The two y-axis have been scaled using the best-fit scaling parameter
0.0065 (0.0063, 0.0066). (B) Daily deaths for those aged 65 and over in England (red points,
right hand y-axis) and corresponding P-spline model estimates for the expected number of
deaths (solid red line, shaded area is 95% confidence interval, right hand y-axis). Daily
deaths have been shifted by 26 (24, 27) days backwards in time along the x-axis. The two
y-axis have been scaled using the best-fit scaling parameter 0.52 (0.49, 0.55). (C) Daily
hospitalisations for those aged 64 and under in England (blue points, right hand y-axis) and
corresponding P-spline model estimates for the expected number of hospitalisations (solid
blue line, shaded area is 95% confidence interval, right hand y-axis). Daily hospitalisations
have been shifted by 21 (21, 21) days backwards in time along the x-axis. The two y-axis
have been scaled using the best-fit scaling parameter 0.099 (0.097, 0.10). (D) Daily
hospitalisations for those aged 65 and over in England (blue points, right hand y-axis) and
corresponding P-spline model estimates for the expected number of hospitalisations (solid
blue line, shaded area is 95% confidence interval, right hand y-axis). Daily hospitalisations
have been shifted by 19 (17, 20) days backwards in time along the x-axis. The two y-axes
have been scaled using the best-fit scaling parameter 1.4 (1.3, 1.5).
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Figure 11. Comparison of REACT-1 swab-positivity P-spline estimates with time-lag
adjusted P-spline estimates for death and hospitalisation data. Inferred scaling parameter
(solid black line, grey shaded region is 95% confidence interval) directly calculated from the
multiplicative difference between the REACT-1 P-splines for swab positivity and the
death/hospitalisations P-splines, accounting for population size. 95% confidence intervals of
the best-fitting average scaling parameters over the period of rounds 1 to 11 of the study
(red shaded area) fit using the two parameter time-lag model are shown for comparison (A)
Difference between REACT-1 swab positivity and deaths in all age groups assuming a
time-lag of 26 (26, 26) days. (B) Difference between REACT-1 swab positivity and
hospitalisations in all age groups assuming a time-lag of 19 (19, 20) days. (C) Difference
between REACT-1 swab positivity and deaths in those aged 64 and under assuming a
time-lag of 29 (28, 29) days. (D) Difference between REACT-1 swab positivity and
hospitalisations in those aged 64 and under assuming a time-lag of 21 (21, 21) days. (E)
Difference between REACT-1 swab positivity and deaths in those aged 65 and over
assuming a time-lag of 26 (24, 27) days. (F) Difference between REACT-1 swab positivity
and hospitalisations in those aged 65 and over assuming a time-lag of 19 (17, 20) days.
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Figure 12. Plot of the proportion of Delta variant (B.1.617.2), among sequenced virus
samples. Error bars show the 95% binomial confidence interval for each daily proportion
calculation. Shaded region shows best-fit Bayesian logistic regression model with 95%
credible interval.
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Figure 13. Jittered locations of positive samples for which sequencing could reliably
determine lineages for rounds 11 (n=26) and 12 (n=46): B.1.1.7, Alpha; B.1.617.2, Delta.
Regions: NE = North East, NW = North West, YH = Yorkshire and The Humber, EM = East
Midlands, WM = West Midlands, EE = East of England, L = London, SE = South East, SW =
South West.
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