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Abstract
In early January 2021, England entered its third national lockdown of the COVID-19
pandemic to reduce numbers of deaths and pressure on healthcare services, while rapidly
rolling out vaccination to healthcare workers and those most at risk of severe disease and
death. REACT-1 is a survey of SARS-CoV-2 prevalence in the community in England, based
on repeated cross-sectional samples of the population. Between 6th and 22nd January
2021, out of 167,642 results, 2,282 were positive giving a weighted national prevalence of
infection of 1.57% (95% CI, 1.49%, 1.66%). The R number nationally over this period was
estimated at 0.98 (0.92, 1.04). Prevalence remained high throughout, but with suggestion of
a decline at the end of the study period. The average national trend masked regional
heterogeneity, with robustly decreasing prevalence in one region (South West) and
increasing prevalence in another (East Midlands). Overall prevalence at regional level was
highest in London at 2.83% (2.53%, 3.16%). Although prevalence nationally was highest in
the low-risk 18 to 24 year old group at 2.44% (1.96%, 3.03%), it was also high in those over
65 years who are most at risk, at 0.93% (0.82%, 1.05%). Large household size, living in a
deprived neighbourhood, and Black and Asian ethnicity were all associated with higher
levels of infections compared to smaller households, less deprived neighbourhoods and
other ethnicities. Healthcare and care home workers, and other key workers, were more
likely to test positive compared to other workers. If sustained lower prevalence is not
achieved rapidly in England, pressure on healthcare services and numbers of COVID-19
deaths will remain unacceptably high.
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Introduction
REACT-1 is a community survey of SARS-CoV-2 prevalence in England, based on repeated
non-overlapping cross-sectional surveys of random samples of the population [1]. At each
round, we collect self-administered throat and nose swabs and questionnaire data from
between 120,000 and 180,000 people ages 5 years and above, over a period of ~17 days, at
approximately monthly intervals. Importantly, unlike the routine testing of symptomatic
individuals, we include swabs irrespective of whether participants report symptoms, so as to
estimate community-wide prevalence unbiased by testing availability or behaviour.
We have previously reported that prevalence of infection in early to mid January 2021 was
the highest since the start of the REACT-1 programme in May 2020, towards the end of the
first lockdown in England [2]. The high and rapidly increasing prevalence in the second wave
appears partly to be due to the emergence of a more transmissible strain of SARS-CoV-2
that was first observed in southern England in September 2020 [3,4]. Our previous report
mainly covered the period from 6th to 15th January 2021 during the first part of round 8 of
the REACT-1 study, coinciding with implementation of a third national lockdown in England.
Here we report results for the whole of round 8 from 6th to 22nd January 2021, and compare
our findings with the positivity rate of swabs reported through routine surveillance of
symptomatic individuals.
Results and Discussion
We found 2,282 positives from 167,642 valid swabs in round 8 giving a weighted prevalence
of 1.57% (95% CI, 1.49%, 1.66%) (Table 1). With a constant growth model, we found no
strong evidence for either growth or decay averaged over the period between 6th to 22nd
January 20211 (Table 2, Figure 1). Over this period, we estimated R at 0.98 (0.92, 1.04)
within the round, with weak evidence for non-constant growth: a logistic regression model
with a smooth term gave ΔAIC ~4 compared with one using only a constant term. Fitting a pspline suggested prevalence was approximately constant or increasing slightly from 6th to
15th January, as previously reported [2], but may have then started to decline (Figure 2).
Mobility data from the Facebook app suggest that there was a marked decrease in activity
over the Christmas period and at the end of December 2020, followed by a rise in early
January 2021 (Figure 3). These mobility patterns may help explain why there was an
apparent fall in prevalence from a peak in late December 2020 observed by the Office for
National Statistics Coronavirus Infection Survey (ONS-CIS) [5] (when REACT-1 was not
collecting data). Compared with the first national lockdown, the absence of a sharp decline
1
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in prevalence during the third lockdown may be explained by a combination of: higher
average levels of mobility; more people allowed to physically attend their workplace; a larger
number of children eligible to attend school [6]; and a higher intrinsic transmissibility of the
new variant [3,4]. We note that although there is suggestion in our data of a decline in
prevalence since the 16th January, this would not be explained by patterns in the Facebook
mobility data which have remained constant since early January. Rather, it may be due to
the end of a temporary increase in household transmission driven by the start of lockdown,
given that there is a higher prevalence of infection in people living in larger households (see
below). The apparent recent decline may also reflect changing patterns of social interactions
during lockdown.
Regional p-splines suggest that the national average trend may mask differences in trends
at the regional level (Table 3, Figure 4). Specifically, there was evidence of decline in South
West, and suggestion of a decline in London and South East during the latter part of round
8. In contrast, there is evidence of an increase in prevalence in East Midlands with
suggestion of increases in West Midlands and Yorkshire and The Humber. Such differences
in regional trends may have contributed to higher levels of volatility in national data during
previous periods of high prevalence in this pandemic [7], as they do during seasonal
influenza epidemics [8]. Trends in the highest prevalence regions will have the greatest
impact on the national average.
Regional patterns of prevalence estimated for this round of REACT-1 share key features
with regional patterns of PCR-positivity from routine surveillance data [9] (Figure 5). Both
data streams appear to be declining in North West, South West, London and South East.
Both appear to be either level or increasing in the remaining regions. Also, in the routine
surveillance data, all regions show a clear inflection point in early January which is
consistent with either a plateau or substantial reduction in the rate of decline of prevalence
at the time of the New Year increase in mobility (Figure 3). PCR-positivity may better reveal
underlying infection patterns than case counts [9] during periods when care-seeking
behaviour is changing, as has been seen in models of influenza transmission [10].
As a sensitivity analysis, we filtered the posterior distribution of prevalence trajectories,
keeping only those that were consistent with the ONS-CIS estimated prevalence of 2.06% in
the last 5 days of December [5] (Figure 6). This constraint did not materially affect the shape
of the p-splines from January 6th, suggesting that the shape of the p-spline was robust to
the absence of observations in our study during the late December 2020 peak when
REACT-1 was not in the field.
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As well as investigating trends in prevalence we undertook analyses of regional and sociodemographic variables that may be associated with increased odds of infection (Table 4,
Figure 7). Regional prevalence was highest in London at 2.83% (2.53%, 3.16%), with
prevalence greater than 2% in those aged 55 to 64 and those 65 years and over, and over
4% in those aged 13 to 17 and 18 to 24 years (Figure 8). This reflects the rapid increase in
prevalence in London and surrounding areas in East of England and South East (Essex and
Kent) that we first detected in early December 2020 [7].
Risk of severe disease and death from SARS-CoV-2 infection is correlated strongly with
increasing age [11]. Prevalence nationally was highest in 18 to 24 year olds with a weighted
prevalence of 2.44% (1.96%, 3.03%), and was as high as 0.93% (0.82%, 1.05%) in those
aged 65 and over (Figure 9). Previous reports have highlighted the role of transmission at
younger ages [12] that has then fed through into increasing rates at older ages where
people are more likely to present with severe disease.
Large household size, living in a deprived neighbourhood, and Black and Asian ethnicity
were all associated with increased prevalence (Table 4). There was a monotonic increase in
prevalence from the smallest to the largest households rising from 1.24% (1.06%, 1.44%) in
single-person households to 3.05% (2.04%, 4.56%) in households of seven or more people.
People living in neighbourhoods in the two most deprived quintiles had prevalence of 1.79%
(1.53%, 2.10%) and 1.95% (1.74%, 2.19%) compared with 1.22% (1.10%, 1.35%) for those
in the least deprived. Participants of Black and Asian ethnicity had increased prevalence at
3.07% (2.29%, 4.09%) and 2.80% (2.32%, 3.37%) respectively compared with 1.41%
(1.33%, 1.49%) among white participants. This is similar to data from antibody testing,
indicating higher risk of infection among these minority ethnic groups [13]. Differences in
prevalence for these variables were reflected in elevated odds ratios within a jointly adjusted
logistic regression model (Table 5, Figure 10).
Both healthcare and care home workers, and other key workers, had increased odds of
swab-positivity compared to other workers at 1.48 (1.25, 1.77) and 1.35 (1.20, 1.51)
respectively (Table 5, Figure 10). Health care and care home workers had over five-fold
odds of infection compared with other workers at the end of the first wave [14], indicating the
importance of nosocomial infections in driving the epidemic at that time. This category and
other key workers continue to have higher prevalence of infection than other workers which
likely reflects higher occupational exposure to the virus.
We used a nearest-neighbours statistic to generate a smoothed prevalence map for round 8
at the level of lower-tier local authority (LTLA) (Figure 11). We observed marked
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heterogeneity with highest prevalence in London and a contiguous area radiating out into
East of England and South East. There were also pockets of high prevalence in West
Midlands and other regions.
Conclusions
In this large study of SARS-CoV-2 prevalence in the community in England, we show that
prevalence in January 2021 nationally was at extremely high levels. This is being reflected in
high levels of hospital admissions, intensive care admission and deaths [9]. While there was
indication of a possible decline in prevalence toward the end of our study period (up to 22nd
January), the levels of infection remain much higher than those seen during lockdown in
May 2020 [14], with a shallower downward trajectory. Unless the prevalence of infection in
the community can be lowered substantially, the extreme pressure on health services will
continue over the coming weeks, and possibly months, until the vaccination programme
protects sufficient numbers of at-risk individuals. In the meantime, it is essential that we
continue to observe public health measures to contain the virus including social distancing,
face covers, hand-washing and isolation of cases.
Methods
REACT-1 methods are published [1]. At each round, we collect questionnaire data and selfadministered throat and nose swabs (using dry swabs) which are sent at 40 to 80C to a
single laboratory for RT-PCR. We obtain the sample from the list of National Health Service
patients, selected randomly and stratified at LTLA level (n=315) to give approximately equal
numbers for each LTLA.
In round 8, we sent out 761,007 registration letters to named individuals, of whom 213,746
(28.1%) registered (parent/guardian for children ages 5 to 12 years); swabs from 168,988
(79.1%) people were returned of which 1,346 (0.8%) had an invalid RT-PCR result. That left
167,642 returned swabs with a valid result, giving an overall response rate (valid swabs
divided by total number of people invited) of 22.0%.
We obtain unweighted prevalence estimates from the counts of swab-positivity (based on
RT-PCR) compared with the number of swabs returned; we also calculate prevalence
estimates weighted to be representative of the population of England as a whole, based on
age, sex, region and ethnicity. We estimate prevalence by socio-demographic and other
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characteristics and use multivariable logistic regression to obtain jointly adjusted estimates
of the odds of swab-positivity.
Per round, we use exponential growth models to estimate time trends and reproduction
number R, nationally and regionally, and obtain smoothed within-round prevalence estimates
using a p-spline function with knots at 5-day intervals [15]. We evaluate geographic variation
in prevalence by LTLA using a neighbourhood spatial smoothing method based on nearest
neighbour up to 30 km as previously described [16].
We carry out a range of sensitivity analyses including estimation of R for different cut-points
for CT values that determine swab-positivity and for non-symptomatic individuals (not
reporting symptoms on the day of swab or week prior). We also compare data from the
national routine programme of symptomatic testing [9] with our own data at regional level.
Statistical analyses are carried out in R [17]. We obtained research ethics approval from the
South Central-Berkshire B Research Ethics Committee (IRAS ID: 283787).
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Table 1. Unweighted and weighted prevalence of swab-positivity across eight rounds of
REACT-1.
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Table 2. Estimates of national growth rates, doubling times and reproduction numbers for
round 8 .

12

Table 3. Estimates of regional growth rates, doubling times and reproduction numbers for
round 8.
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Table 4. Unweighted and weighted prevalence of swab-positivity for round 8.
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Table 5. Jointly adjusted odds ratios for swab-positivity by: gender, age, region, key worker
status, ethnicity, household size and index of area deprivation.
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Figure 1. Constant growth rate model fit to REACT-1 data for England for round 8. Shaded
area shows the central 95% posterior credible interval.
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Figure 2. Prevalence of national swab-positivity for England estimated using a p-spline fit to
all 8 rounds of data (only shown for duration of latest round) with central 50% (dark grey)
and 95% (light grey) posterior credible intervals. Points show daily estimated unweighted
prevalence with vertical solid lines showing 95% confidence intervals. Vertical dashed lines
show the official start of round 8 and the last day of data included in the round 8a analyses.
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Figure 3. Facebook mobility data for England (black line) and the REACT-1 rounds (blue
shaded regions). Baseline for mobility data is the mean movement during the week 10th 16th March 2020 inclusive.
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Figure 4. Prevalence of swab-positivity for each region of England estimated using a pspline (with a constant second-order random walk prior distribution) fit to all 8 rounds of data
(only shown for the duration of round 8) with central 50% (dark grey) and 95% (light grey)
posterior credible intervals. Points show daily estimated unweighted prevalence with vertical
solid lines showing 95% confidence intervals.
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Figure 5. Regional comparison of REACT-1 estimated prevalence using a p-spline with
central 50% (dark grey, left axis) and 95% (light grey, left axis) posterior credible intervals
and routine PCR positivity for England (red, right axis) averaged over 7 days, plotted at the
midpoint of the interval.
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Figure 6. A Prevalence of national swab-positivity for England for rounds 7 and 8 of REACT1 estimated using a p-spline for with central 50% (dark grey, red) and 95% (light grey, red)
posterior credible intervals. B as A, but with posterior distribution filtered to keep only
prevalence trajectories consistent with the Office for National Statistics Coronavirus Survey
estimated prevalence of 2.06% in the last 5 days of December. Vertical dashed lines show
the official start of round 8 and the last day of data included in the round 8a analyses.
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Figure 7. Weighted prevalence of swab-positivity by region for round 8. Bars show 95%
confidence intervals.
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Figure 8. Weighted prevalence of swab-positivity by age group and region for round 8. Bars
show 95% confidence intervals.
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Figure 9. Weighted prevalence of swab-positivity by age group for round 8. Bars show 95%
confidence intervals.
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Figure 10. Estimated odds ratios and 95% confidence intervals for mutually-adjusted logistic
regression model of swab-positivity for round 8. Models were adjusted for gender, age
group, region, key worker status, ethnicity, household size, and deprivation index. The
deprivation index is based on the Index of Multiple Deprivation (2019) at lower super output
area. Here we group scores into quintiles, where 1 = most deprived and 5 = least deprived.
HCW/CHW = healthcare or care home workers; Not FT, PT, SE = Not full-time, part-time, or
self-employed. *Yorkshire and The Humber.
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Figure 11. Neighbourhood prevalence of swab-positivity for round 8. Neighbourhood
prevalence calculated from nearest neighbours (the median number of neighbours within
30km 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. Data for unweighted point estimate of prevalence available
in the supplementary data file.
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