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Summary 

Background 

Based on cases and deaths, transmission of SARS-CoV-2 in England peaked in late March 
and early April 2020 and then declined until the end of June. Since the start of July, cases 
have increased, while deaths have continued to decrease.  

Methods 

We report results from 594,000 swabs tested for SARS-CoV-2 virus obtained from a 
representative sample of people in England over four rounds collected regardless of 
symptoms, starting in May 2020 and finishing at the beginning of September 2020. Swabs for 
the most recent two rounds were taken between 24th July and 11th August and for round 4 
between 22nd August and 7th September. We estimate weighted overall prevalence, 
doubling times between and within rounds and associated reproduction numbers. We 
obtained unweighted prevalence estimates by sub-groups: age, sex, region, ethnicity, key 
worker status, household size, for which we also estimated odds of infection. We identified 
clusters of swab-positive participants who were closer, on average, to other swab-positive 
participants than would be expected.  

Findings 

Over all four rounds of the study, we found that 72% (67%, 76%) of swab-positive individuals 
were asymptomatic at the time of swab and in the week prior. The epidemic declined 
between rounds 1 and 2, and rounds 2 and 3. However, the epidemic was increasing 
between rounds 3 and 4, with a doubling time of 17 (13, 23) days  corresponding to an R 
value of 1.3 (1.2, 1.4). When analysing round 3 alone, we found that the epidemic had 
started to grow again with 93% probability. Using only the most recent round 4 data, we 
estimated a doubling time of 7.7 (5.5, 12.7) days, corresponding to an R value of 1.7 (1.4, 
2.0). Cycle threshold values were lower (viral loads were higher) for rounds 1 and 4 than they 
were for rounds 2 and 3. In round 4, we observed the highest prevalence in participants aged 
18 to 24 years at 0.25% (0.16%, 0.41%), increasing from 0.08% (0.04%, 0.18%) in round 3. 
We observed the lowest prevalence in those aged 65 and older at 0.04% (0.02%, 0.06%) 
which was stable compared with round 3. Participants of Asian ethnicity had elevated odds of 
infection. We identified clusters in and around London, transient clusters in the Midlands, and 
an expanding area of clustering in the North West and more recently in Yorkshire and the 
Humber. 

Interpretation 

Although low levels of transmission persisted in England through to mid-summer 2020, the 
prevalence of SARS-CoV-2 is now increasing. We found evidence of accelerating 
transmission at the end of August and beginning of September. Representative community 
antigen sampling can increase situational awareness and help improve public health decision 
making even at low prevalence. 
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Introduction 

SARS-CoV-2 infection continues to cause substantial COVID-19 morbidity and mortality 

globally [1]. Populations around the world are having to choose between higher levels of 

social contact [2] with higher levels of transmission versus lower levels of social contact and 

decreased levels of transmission [3]. This tradeoff also affects economic activity [4], 
non-COVID-19 related health and overall wellbeing. The ability of both individuals and 

governments to balance these competing demands requires accurate knowledge of trends in 

prevalence over time, person and place to enable informed choices to be made. COVID-19 

surveillance systems in many countries are based on symptomatic cases, and are therefore 

subject to a number of biases, especially changes in care seeking behaviour that can 

obscure underlying trends [5].  

We report here results of the REal-time Assessment of Community Transmission-1 

(REACT-1) study, a large population-based programme designed to track prevalence of 

SARS-CoV-2 virus across England. We focus on rounds 3 and 4 conducted 24th July to 11th 

August and 22nd August to 7th September 2020 respectively, and compare these findings 

with those already reported from rounds 1 and 2 (1st May to 1st June and 19th June to 7th 

July 2020) [6,7]. 

Methods 

The protocol of the REACT suite of studies describes REACT-1 (antigen) and REACT-2 

(antibody) [8]. Briefly, in REACT-1, we invited a random sample of the population aged five 

years and over, selected from the National Health Service (NHS) list of patients registered 

with a general practitioner, among the 315 lower-tier local authorities (LTLAs) in England. 

Among those registering to take part, in addition to age, sex, address and postcode available 

from the NHS register, we obtained, by online or telephone questionnaire, information on key 

worker status, ethnicity, smoking, household size, contact with known or suspected 

COVID-19 cases, hospital contacts, and symptoms. We provided written and video 

instructions to obtain a self-administered nose and throat swab (administered by a parent or 

guardian for children aged 5 to 12 years).  

The four rounds of data collection obtained swab results on between 120,000 and 160,000 

people at each round (Table 1). During the first round of data collection (1st May to 1st June 

2020), swabs were initially collected in viral transport medium and sent to one of four Public 

Health England (PHE) laboratories for processing (n = 8,595 swabs with reported result). All 

subsequent collections were done using dry swabs which we requested that participants 
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refrigerate before courier pick-up the same or next day. Swabs were then delivered to a 

commercial laboratory on a cold chain (40 to 80 C) to maintain sample integrity.  

Samples were tested by reverse-transcription--polymerase-chain-reaction (RT-PCR) with two 

gene targets (E gene and N gene). We assessed cycle threshold (CT) values as a proxy for 

intensity of viral load across the four surveys. We defined swab to be positive if both gene 

targets were positive or if N gene was positive with CT value less than 37 [6]. 

Analyses 

To investigate trends in swab positivity over time, we used an exponential model of growth or 

decay, assuming that the number of positive samples each day arose from a binomial 

distribution. We used day of swabbing or, if unavailable, day of collection. Posterior credible 

intervals were obtained using a bivariate no-u-turn sampler [9] with uniform prior distributions. 

To estimate the reproduction number R, we assumed a generation time following a gamma 

distribution with a mean of 6.29 days and shape parameter 2.29 [10]. We analysed R using 

data from two sequential rounds and separately for each round. We fit an analogous model 

to the publicly available case data in which we assumed that the number of cases on a given 

day followed a negative binomial distribution. We estimated its dispersion parameter as an 

additional fitted parameter of the model. 

We obtained crude prevalence estimates as the ratio of swab positive results to numbers 

tested for the total population and by sub-groups, e.g. age, sex, region, ethnicity, key worker 

status, household size. To correct for population differences due to sampling and differential 

response, we reweighted the oveall prevalence estimates to be representative of the English 

population by age, sex, region, ethnicity and deprivation. Because of small numbers of 

positive swabs, all other prevalence estimates were unweighted.  

To investigate association of test result with covariates, we performed logistic regression 

adjusted for age and sex to obtain odds ratio estimates and 95% confidence intervals for 

each of the four rounds of data collection.  

To investigate possible clustering of cases, we combined rounds 1 and 2, rounds 2 and 3, 

rounds 3 and 4, and calculated the distance between the home locations of every 

swab-positive participant, for which latitude and longitude were available, up to distances of 

30 km. As a control, we randomly sampled the same number of swab-negative as 

swab-positive participants 5,000 times and calculated the equivalent distribution of distances. 
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We then identified individuals who appeared frequently within nearby pairs. Using samples of 

negative pairs, we obtained a null cumulative distribution of frequencies that participants 

appeared in pairs within 30 km of each other. We then constructed the corresponding single 

cumulative frequency curve for swab-positive participants. We defined a participant to be 

clustered if they appeared in nearby pairs more times than a minimum frequency, defined as 

that at which the swab-positive cumulative curve diverged from the central 90% region of the 

sampled swab-negative distribution. For our clustered swab-positive participants and 10,000 

samples of the same number of swab-negative participants, we calculated the area of the 

convex hull which contained their home locations.  

Ethics 

We obtained research ethics approval from the South Central-Berkshire B Research Ethics 

Committee (IRAS ID: 283787). 

Public involvement 

A Public Advisory Panel is providing input into the design, conduct and dissemination of the 

REACT research programme. 

Results 

In rounds 1 and 2 there was a downwards trend in prevalence [6,7] (Figure 1, Table 1). In 

round 3 we found 54 positive samples out of 161,560 swabs, giving an unweighted 

prevalence of 0.033% (95% CrI, 0.026%, 0.044%; Table 1) and a weighted prevalence of 

0.040% (0.027%, 0.053%). Prevalence increased in round 4: we found 136 positive samples 

out of 152,909 swabs, giving an unweighted prevalence of 0.089% (0.075%, 0.105%) and a 

weighted prevalence of 0.126% (0.097%, 0.156%).  

Over all four rounds of the study, we found that 72% (67%, 76%) of swab-positive individuals 

were asymptomatic at the time of swab and in the week prior. Our data were suggestive of a 

higher rate of asymptomatic swab-positivity in children compared to adults (Table 2). 

We estimated halving and doubling times and reproduction numbers across sequential 

rounds (Figure 1, Table 3). The epidemic declined between rounds 1 and 2, and between 

rounds 2 and 3. However, the epidemic increased between rounds 3 and 4, with a doubling 

time of 17 (13, 23) days corresponding to an R value of 1.3 (1.2, 1.4). 
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Within each round, swabs were collected over a sufficiently long period that we could also 

estimate rates of change in prevalence using data only from a single round. The epidemic 

was declining within rounds 1 and 2 (Figure 1, Table 3). However, we found evidence when 

analysing round 3 alone that the epidemic had started to grow again with a doubling time of 

14 days and a 95% credible interval from halving every 59 days to doubling every 6.4 days, 

corresponding to an R value of 1.3 (0.9, 1.8) with a 93% probability that the R value was 

greater than 1. In round 4, we estimated that the doubling time had reduced to 7.7

(5.5, 13) days, corresponding to an R value of 1.7 (1.4, 2.0) with a probability greater than 

99% that R was greater than 1 (Table 3). 

In sensitivity analyses, our estimates of R and doubling times were similar when considering 

two relevant subsets of the swab-positivity variable (Table 3). For example, there were no 

changes to the estimate of 1.3 for R based on rounds 3 and 4 when we used data only from 

participants who did not report symptoms, and also when we considered positive samples to 

be only those where both gene targets were detected. Under these same scenarios, our 

estimates of R in round 4 only were 1.7 and 1.5 respectively, compared with 1.7 in the 

primary analysis. 

At the regional scale, we had power to detect patterns of growth or decline when analysing 

rounds 3 and 4 together. Across these two rounds, there was positive growth in the epidemic 

in all regions (slightly lower confidence for East Midlands, Table 4, Figure 2). The highest 

growth across rounds 3 and 4 was in the North East with an R value of 1.7 (1.2, 2.5). During 

round 4, prevalence was highest in the North West (0.17%), Yorkshire and the Humber 

(0.17%), and North East (0.16%) (Table 5): participants in these three regions had 2.8- to 

3-fold increased odds of infection relative to those in the South East (Table 6). 

In round 4, we observed highest prevalence in participants aged 18 to 24 years at 0.25% 

(0.16%, 0.41%) increasing from 0.08% (0.04%, 0.18%) in round 3 (Table 5). We observed 

the lowest prevalence in those aged 65 and older at 0.04% (0.02%, 0.06%) which was stable 

compared with round 3. The observed increase in prevalence in round 4 was not explained 

by health care and care home workers whose odds of infection were similar to those of other 

workers and had dropped substantially since round 1 (Table 6). Also, in round 4 participants 

of Asian ethnicity had odds of infection of 2.2 (1.2, 4.0) relative to whites (Table 6). 

We compared epidemic trends estimated from REACT-1 data with those based on UK 

surveillance data for key workers (Pillar 1) and symptomatic individuals and those tested as 

part of a local response (Pillar 2) [11] (Table 3, Figure 3). Based on Pillar 1 and 2 data, using 
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an exponential growth model, we found that numbers of cases were growing from 19th June 

to 11th August (start round 2 to end round 3), whereas our analysis of REACT-1 data for the 

same period found the epidemic to be declining. Results based on data since 24th July (start 

round 3), for both REACT-1 and Pillar 1 and 2 data showed a growing epidemic. However, 

the estimated rate of growth was higher in the REACT-1 data (Table 3). 

Cycle threshold values reflect the amount of virus in a positive sample, with high CT values 

corresponding to low levels of virus. There was a change in the distribution of CT values 

between rounds 1 and 2, not between rounds 2 and 3 but then again between rounds 3 and 

4 (Figure 4, Table 7). CT values were lower (viral loads were higher) for rounds 1 and 4 than 

for rounds 2 and 3. 

We tested for the presence of clustering at arbitrary spatial scale, independent of 

geographical units, by combining data in sequential rounds. We identified  clusters in and 

around London, transient clusters in the Midlands, and an expanding area of clustering in the 

North West and, more recently, in Yorkshire and the Humber (Figure 5). The spatial pattern 

of most clustered swab-positive cases was robustly different from 10,000 random draws of 

the most clustered samples of negative cases (Figure 6).  

Discussion 

We demonstrate that our national community surveillance programme based on the 

experience of over 600,000 randomly tested individuals across England was able to quantify 

a fall and then give early warning of a rise in prevalence between May and early September 

2020. Our estimate of prevalence during round 4 in August-September now exceeds that 

which we reported for June and July 2020 but is still well below those seen during the peak of 

the epidemic in March and April 2020. Unlike testing programmes for symptomatic individuals 

being rolled out in many countries [12], our study has the advantage that it is not biased by 

the propensity to seek testing or by service capacity.  

Our findings show important variations by age. In our most recent data, there is evidence of 

increasing prevalence in younger age groups, particularly those aged 18 to 24 years. 

However, prevalence appears also to be increasing among older adults, up to the age of 65, 

suggesting that the resurgence of SARS-CoV-2 transmission in England is already affecting 

at-risk populations [13]. 

At a regional level, initially the highest prevalence was recorded in London, which declined 

across rounds 1 to 3 before rising again in round 4. There has been a marked recent rise in 
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prevalence in the north of England (North West, North East and Yorkshire and The Humber) 

such that these regions now have the highest prevalence nationally. However, a rise in 

prevalence is not restricted to these regions and can be seen across all areas. We also found 

evidence for clustering of cases at the sub-regional level, which developed over time 

between regions. Initially we reported clustering of cases in and around London, which may 

reflect patterns of commuting by train into a large city [14]. Over time, while clustering in and 

around London remained, we saw local clusters emerging in the North West, East Midlands 

and, more recently, in Yorkshire and The Humber. However, clustering detected in East 

Midlands was no longer apparent in the most recent data, which may partly reflect successful 

local lockdowns in that region. 

We find differences over time in the odds of infection for health care and care home workers. 

During round 1 (May) such workers had over five-fold odds of infection compared with 

non-key workers, reflecting evidence of transmission in both health care and care home 

settings. However, the increased odds declined in subsequent rounds. It is apparent that 

there has been a shift in transmission from hospital and care home settings earlier in the 

epidemic to community transmission. 

Across the four rounds of our study, we found that people of Asian ethnicity (mainly South 

Asian) had consistently higher odds of infection than white people, around 2-fold higher in the 

most recent data. This higher rate of infection is also reflected in higher SARS-CoV-2 

seroprevalence among people of Asian ethnicity in England [15]. These data suggest that 

higher rates of hospitalisation and mortality from COVID-19 reported amongst people of 

Asian ethnicity in England may be explained by higher rates of infection, rather than by a 

predisposition to progress to severe disease once infected. Our results also suggested 

higher odds of infection compared to whites among people of Black, mixed and other 

ethnicities.  

Our study has limitations. First, although we aimed to be representative of the population of 

England by inviting a random sample of people on the NHS patient register, differential 

response by e.g. age, sex, ethnicity may have distorted our findings. For overall estimates of 

prevalence we reweighted our sample to be representative of England taking into account 

sample design and non-response. Prevalence estimates for subgroups were not reweighted 

because of low numbers of swab-positive participants. 

Second, we relied on self-swabbing to obtain estimates of swab positivity. A throat and nose 

swab is estimated to have 70% to 80% sensitivity [16], so we are likely to have 
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underestimated true prevalence, although, this would not be expected to have affected trend 

analysis or estimation of the R value.  

Third, it is possible that at least part of the trends we observe in swab positivity during our 

study may have been the result of changing availability symptom-driven test capacity. We 

mitigated this potential bias by monitoring the proportion of swab-positive participants who 

were asymptomatic (overall 72%, ranging by round from 65% to 81%) and by repeating R 

estimates for the subset of asymptomatic individuals in each round.  

Our findings have implications for control of the COVID-19 pandemic. Until effective vaccines 

are available and widely disseminated, control of the SARS-CoV-2 virus must rely on 

established public health measures [17] including social distancing, frequent hand-washing, 

and face covers. Our early data, as we exited lockdown, demonstrate the high level of 

effectiveness of stringent social distancing in reducing transmission of the virus, with 

prevalence rates decreasing by 75% over a 3 month period to early August. However, since 

then prevalence has increased, perhaps reflecting holiday travel, return to work, or a more 

general increase in the number and transmission potential of social interactions. While in 

England there has yet to be notable increases in hospitalisations or deaths associated with 

the resurgence in infection, this is not the case in other European countries, such as France 

and Spain, where hospitalisations are increasing substantially [1].  

By detecting a resurgence of SARS-CoV-2 transmission in the community in England at an 

early stage, there is an opportunity to intervene while prevalence is still at a relatively low 

level. The objective for ongoing public health policy should be to limit the spread of the virus 

such that R drops below one, while maintaining as much social interaction and economic 

activity as possible. Studies like REACT-1 are needed not only as an early warning system, 

but also to help rapidly evaluate the success of such policies in keeping the virus controlled 

at low prevalence. 
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Tables 

Table 1. Prevalence of swab-positivity across all four completed rounds of REACT-1. 
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Table 2. Numbers and proportions of test positive children and adults by symptom status. 

 

13 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
perpetuity. 

 is the author/funder, who has granted medRxiv a license to display the preprint in(which was not certified by peer review)preprint 
The copyright holder for thisthis version posted September 13, 2020. ; https://doi.org/10.1101/2020.09.11.20192492doi: medRxiv preprint 

https://doi.org/10.1101/2020.09.11.20192492
http://creativecommons.org/licenses/by-nc-nd/4.0/


Table 3. Fitted growth rates, reproduction numbers and doubling times for SARS-CoV-2 
swab positivity in England. 
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Table 4. Fitted growth rates, reproduction numbers and doubling times for SARS-CoV-2 
swab positivity in regions of England. 
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Table 5. Prevalence of infection by round, variable and category. 
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Positive Total Positive Total Positive Total Positive Total Positive Total

Gender Male 73 55,064 0.13% ( 0.11% , 0.17% ) 59 72,371 0.08% ( 0.06% , 0.11% ) 24 73,211 0.03% ( 0.02% , 0.05% ) 61 68,864 0.09% ( 0.07% , 0.11% ) 217 269,510 0.08% ( 0.07% , 0.09% )

Female 86 65,556 0.13% ( 0.11% , 0.16% ) 64 86,828 0.07% ( 0.06% , 0.09% ) 30 89,607 0.03% ( 0.02% , 0.05% ) 75 84,041 0.09% ( 0.07% , 0.11% ) 255 326,032 0.08% ( 0.07% , 0.08% )

Age 05‐12 17 10,573 0.16% ( 0.10% , 0.26% ) 6 13,077 0.05% ( 0.02% , 0.10% ) 2 11,329 0.02% ( 0.00% , 0.06% ) 11 10,989 0.10% ( 0.06% , 0.18% ) 36 45,968 0.08% ( 0.06% , 0.10% )

13‐17 11 7,293 0.15% ( 0.08% , 0.27% ) 4 9,425 0.04% ( 0.02% , 0.11% ) 6 9,209 0.07% ( 0.03% , 0.14% ) 6 8,499 0.07% ( 0.03% , 0.15% ) 27 34,426 0.08% ( 0.05% , 0.11% )

18‐24 19 6,916 0.27% ( 0.18% , 0.43% ) 4 7,873 0.05% ( 0.02% , 0.13% ) 6 7,452 0.08% ( 0.04% , 0.18% ) 16 6,353 0.25% ( 0.16% , 0.41% ) 45 28,594 0.16% ( 0.12% , 0.20% )

25‐34 23 13,317 0.17% ( 0.12% , 0.26% ) 17 16,073 0.11% ( 0.07% , 0.17% ) 8 15,321 0.05% ( 0.03% , 0.10% ) 19 13,751 0.14% ( 0.09% , 0.22% ) 67 58,462 0.11% ( 0.09% , 0.14% )

35‐44 23 16,372 0.14% ( 0.09% , 0.21% ) 19 20,848 0.09% ( 0.06% , 0.14% ) 8 19,956 0.04% ( 0.02% , 0.08% ) 28 19,189 0.15% ( 0.10% , 0.21% ) 78 76,365 0.10% ( 0.08% , 0.12% )

45‐54 28 20,617 0.14% ( 0.09% , 0.20% ) 20 26,397 0.08% ( 0.05% , 0.12% ) 3 26,692 0.01% ( 0.00% , 0.03% ) 19 25,311 0.08% ( 0.05% , 0.12% ) 70 99,017 0.07% ( 0.06% , 0.09% )

55‐64 20 20,980 0.10% ( 0.06% , 0.15% ) 30 28,463 0.11% ( 0.07% , 0.15% ) 6 30,402 0.02% ( 0.01% , 0.04% ) 21 28,638 0.07% ( 0.05% , 0.11% ) 77 108,483 0.07% ( 0.06% , 0.09% )

65+ 18 24,552 0.07% ( 0.05% , 0.12% ) 23 37,043 0.06% ( 0.04% , 0.09% ) 15 42,461 0.04% ( 0.02% , 0.06% ) 16 40,179 0.04% ( 0.02% , 0.06% ) 72 144,235 0.05% ( 0.04% , 0.06% )

Region South East 41 27,145 0.15% ( 0.11% , 0.20% ) 21 34,748 0.06% ( 0.04% , 0.09% ) 7 36,118 0.02% ( 0.01% , 0.04% ) 20 34,566 0.06% ( 0.04% , 0.09% ) 89 132,577 0.07% ( 0.05% , 0.08% )

North East 5 4,511 0.11% ( 0.05% , 0.26% ) 1 5,920 0.02% ( 0.00% , 0.10% ) 1 5,787 0.02% ( 0.00% , 0.10% ) 9 5,671 0.16% ( 0.08% , 0.30% ) 16 21,889 0.07% ( 0.05% , 0.11% )

North West 24 15,645 0.15% ( 0.10% , 0.23% ) 16 18,615 0.09% ( 0.05% , 0.14% ) 10 19,577 0.05% ( 0.03% , 0.09% ) 29 17,016 0.17% ( 0.12% , 0.24% ) 79 70,853 0.11% ( 0.09% , 0.13% )

Yorkshire and The Humber 7 7,775 0.09% ( 0.04% , 0.19% ) 6 10,312 0.06% ( 0.03% , 0.13% ) 6 10,920 0.05% ( 0.03% , 0.12% ) 17 10,030 0.17% ( 0.11% , 0.27% ) 36 39,037 0.09% ( 0.07% , 0.13% )

East Midlands 18 15,429 0.12% ( 0.07% , 0.18% ) 14 20,733 0.07% ( 0.04% , 0.11% ) 9 20,882 0.04% ( 0.02% , 0.08% ) 10 19,309 0.05% ( 0.03% , 0.10% ) 51 76,353 0.07% ( 0.05% , 0.09% )

West Midlands 19 11,337 0.17% ( 0.11% , 0.26% ) 13 14,927 0.09% ( 0.05% , 0.15% ) 5 15,193 0.03% ( 0.01% , 0.08% ) 10 14,321 0.07% ( 0.04% , 0.13% ) 47 55,778 0.08% ( 0.06% , 0.11% )

East of England 18 17,598 0.10% ( 0.06% , 0.16% ) 17 23,101 0.07% ( 0.05% , 0.12% ) 6 23,633 0.03% ( 0.01% , 0.06% ) 17 22,681 0.08% ( 0.05% , 0.12% ) 58 87,013 0.07% ( 0.05% , 0.08% )

London 21 10,488 0.20% ( 0.13% , 0.31% ) 23 15,750 0.15% ( 0.10% , 0.22% ) 7 15,062 0.05% ( 0.02% , 0.10% ) 15 14,837 0.10% ( 0.06% , 0.17% ) 66 56,137 0.12% ( 0.09% , 0.14% )

South West 6 10,692 0.06% ( 0.03% , 0.12% ) 12 15,093 0.08% ( 0.05% , 0.14% ) 3 15,650 0.02% ( 0.01% , 0.06% ) 9 14,478 0.06% ( 0.03% , 0.12% ) 30 55,913 0.05% ( 0.04% , 0.08% )

Employment type Health care worker 18 3,801 0.47% ( 0.30% , 0.75% ) NA NA NA ( NA , NA ) NA NA NA ( NA , NA ) NA NA NA ( NA , NA ) 18 3,801 0.47% ( 0.30% , 0.75% )
Health care worker with 
direct contact with

NA NA NA ( NA , NA ) 7 5,067 0.14% ( 0.07% , 0.28% ) 3 5,421 0.06% ( 0.02% , 0.16% ) 8 5,198 0.15% ( 0.08% , 0.30% ) 18 15,686 0.11% ( 0.07% , 0.19% )
Health care worker 
without direct contact

NA NA NA ( NA , NA ) 0 1,881 0.00% ( 0.00% , 0.14% ) 1 1,751 0.06% ( 0.01% , 0.32% ) 4 1,682 0.24% ( 0.09% , 0.61% ) 5 5,314 0.09% ( 0.04% , 0.21% )

Care home worker 3 424 0.71% ( 0.24% , 2.06% ) NA NA NA ( NA , NA ) NA NA NA ( NA , NA ) NA NA NA ( NA , NA ) 3 424 0.71% ( 0.24% , 2.06% )
Care home worker with 
direct contact with clients

NA NA NA ( NA , NA ) 0 849 0.00% ( 0.00% , 0.32% ) 0 939 0.00% ( 0.00% , 0.29% ) 1 801 0.12% ( 0.02% , 0.70% ) 1 2,589 0.04% ( 0.01% , 0.11% )
Care home worker without 
direct contact with clients

NA NA NA ( NA , NA ) 0 191 0.00% ( 0.00% , 1.40% ) 0 178 0.00% ( 0.00% , 1.50% ) 0 139 0.00% ( 0.00% , 1.91% ) 0 508 0.00% ( 0.00% , 0.58% )

Other essential/key worker 28 16,364 0.17% ( 0.12% , 0.25% ) 26 26,575 0.10% ( 0.07% , 0.14% ) 10 26,979 0.04% ( 0.02% , 0.07% ) 28 25,114 0.11% ( 0.08% , 0.16% ) 92 95,032 0.10% ( 0.08% , 0.12% )

Other worker 30 32,588 0.09% ( 0.06% , 0.13% ) 53 65,326 0.08% ( 0.06% , 0.11% ) 18 67,534 0.03% ( 0.02% , 0.04% ) 64 62,328 0.10% ( 0.08% , 0.13% ) 165 227,776 0.07% ( 0.06% , 0.08% )
Not full‐time, part‐time, or 
self employed

42 36,518 0.12% ( 0.09% , 0.16% ) 36 54,677 0.07% ( 0.05% , 0.09% ) 19 56,250 0.03% ( 0.02% , 0.05% ) 29 54,197 0.05% ( 0.04% , 0.08% ) 126 201,642 0.06% ( 0.05% , 0.07% )

Ethnic group White 140 111,502 0.13% ( 0.11% , 0.15% ) 108 145,080 0.07% ( 0.06% , 0.09% ) 44 147,242 0.03% ( 0.02% , 0.04% ) 105 138,415 0.08% ( 0.06% , 0.09% ) 397 542,239 0.07% ( 0.07% , 0.08% )

Asian 11 4,578 0.24% ( 0.13% , 0.43% ) 7 7,103 0.10% ( 0.05% , 0.20% ) 5 7,124 0.07% ( 0.03% , 0.16% ) 13 6,548 0.20% ( 0.12% , 0.34% ) 36 25,353 0.14% ( 0.10% , 0.18% )

Black 2 1,188 0.17% ( 0.05% , 0.61% ) 3 1,977 0.15% ( 0.05% , 0.45% ) 2 2,041 0.10% ( 0.03% , 0.36% ) 4 1,989 0.20% ( 0.08% , 0.52% ) 11 7,195 0.15% ( 0.09% , 0.28% )

Mixed 4 2,281 0.18% ( 0.07% , 0.45% ) 2 2,896 0.07% ( 0.02% , 0.25% ) 1 2,796 0.04% ( 0.01% , 0.20% ) 4 2,520 0.16% ( 0.06% , 0.41% ) 11 10,493 0.10% ( 0.06% , 0.17% )

Other 2 937 0.21% ( 0.06% , 0.77% ) 2 1,377 0.15% ( 0.04% , 0.53% ) 1 1,368 0.07% ( 0.01% , 0.41% ) 3 1,299 0.23% ( 0.08% , 0.68% ) 8 4,981 0.16% ( 0.08% , 0.28% )

Household size 1 10 15,384 0.07% ( 0.04% , 0.12% ) 21 22,643 0.09% ( 0.06% , 0.14% ) 5 24,134 0.02% ( 0.01% , 0.05% ) 14 21,955 0.06% ( 0.04% , 0.11% ) 50 84,116 0.06% ( 0.05% , 0.08% )

2 46 38,671 0.12% ( 0.09% , 0.16% ) 44 53,062 0.08% ( 0.06% , 0.11% ) 15 58,124 0.03% ( 0.02% , 0.04% ) 35 55,368 0.06% ( 0.05% , 0.09% ) 140 205,225 0.07% ( 0.06% , 0.08% )

3 37 23,038 0.16% ( 0.12% , 0.22% ) 30 29,601 0.10% ( 0.07% , 0.14% ) 10 29,502 0.03% ( 0.02% , 0.06% ) 27 27,695 0.10% ( 0.07% , 0.14% ) 104 109,836 0.09% ( 0.08% , 0.11% )

4 40 27,450 0.15% ( 0.11% , 0.20% ) 22 35,140 0.06% ( 0.04% , 0.09% ) 17 33,756 0.05% ( 0.03% , 0.08% ) 35 32,071 0.11% ( 0.08% , 0.15% ) 114 128,417 0.09% ( 0.07% , 0.10% )

5 18 10,257 0.18% ( 0.11% , 0.28% ) 2 13,046 0.02% ( 0.00% , 0.06% ) 1 12,084 0.01% ( 0.00% , 0.05% ) 18 11,146 0.16% ( 0.10% , 0.26% ) 39 46,533 0.08% ( 0.06% , 0.10% )

6 4 3,135 0.13% ( 0.05% , 0.33% ) 1 3,835 0.03% ( 0.00% , 0.15% ) 5 3,508 0.14% ( 0.06% , 0.33% ) 3 3,201 0.09% ( 0.03% , 0.28% ) 13 13,679 0.10% ( 0.06% , 0.15% )

7+ 2 1,382 0.14% ( 0.04% , 0.53% ) 3 1,872 0.16% ( 0.05% , 0.47% ) 1 1,714 0.06% ( 0.01% , 0.33% ) 4 1,473 0.27% ( 0.11% , 0.70% ) 10 6,441 0.16% ( 0.08% , 0.28% )

COVID case contact No 96 91,047 0.11% ( 0.09% , 0.13% ) 101 129,887 0.08% ( 0.06% , 0.09% ) 36 133,966 0.03% ( 0.02% , 0.04% ) 102 127,051 0.08% ( 0.07% , 0.10% ) 335 481,951 0.07% ( 0.06% , 0.07% )

Yes, contact with a 
confirmed/tested COVID‐
19 case

25 1,000 2.50% ( 1.70% , 3.66% ) 9 533 1.69% ( 0.89% , 3.18% ) 3 355 0.85% ( 0.29% , 2.45% ) 9 329 2.74% ( 1.45% , 5.12% ) 46 2,217 2.07% ( 1.56% , NA )

Yes, contact with a 
suspected COVID‐19 case 5 894 0.56% ( 0.24% , 1.30% ) 1 625 0.16% ( 0.03% , 0.90% ) 1 451 0.22% ( 0.04% , 1.25% ) 3 390 0.77% ( 0.26% , 2.24% ) 10 2,360 0.42% ( 0.23% , 0.86% )

Variable Category
Round 1 Round 3 All rounds

Prevalence Prevalence Prevalence

Round 2
Prevalence

Round 4
Prevalence
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Positive Total Positive Total Positive Total Positive Total Positive Total
Variable Category

Round 1 Round 3 All rounds
Prevalence Prevalence Prevalence

Round 2
Prevalence

Round 4
Prevalence

Hospital contact No 88 82,875 0.11% ( 0.09% , 0.13% ) 10 7,522 0.13% ( 0.07% , 0.24% ) 31 114,980 0.03% ( 0.02% , 0.04% ) 94 108,663 0.09% ( 0.07% , 0.11% ) 223 314,040 0.07% ( 0.06% , 0.07% )

Yes, I have 20 4,605 0.43% ( 0.28% , 0.67% ) 4 8,131 0.05% ( 0.02% , 0.13% ) 1 9,924 0.01% ( 0.00% , 0.06% ) 12 9,722 0.12% ( 0.07% , 0.22% ) 37 32,382 0.11% ( 0.08% , 0.17% )

Yes, my child has NA NA NA ( NA , NA ) NA NA NA ( NA , NA ) 0 113 0.00% ( 0.00% , 2.34% ) 0 996 0.00% ( 0.00% , 0.27% ) 0 1,109 0.00% ( 0.00% , )

Yes, someone in my 
household has 16 4,983 0.32% ( 0.20% , 0.52% ) 1 840 0.12% ( 0.02% , 0.67% ) 8 8,876 0.09% ( 0.05% , 0.18% ) 7 7,531 0.09% ( 0.05% , 0.19% ) 32 22,230 0.14% ( 0.10% , 0.21% )

Don't Know 1 360 0.28% ( 0.05% , 1.56% ) 96 114,411 0.08% ( 0.07% , 0.10% ) 0 743 0.00% ( 0.00% , 0.36% ) 0 732 0.00% ( 0.00% , 0.37% ) 97 116,246 0.08% ( 0.07% , 0.10% )

Symptom status Classic COVID symptoms 20 5,814 0.34% ( 0.22% , 0.53% ) 11 2,898 0.38% ( 0.21% , 0.68% ) 8 2,806 0.29% ( 0.14% , 0.56% ) 26 3,813 0.68% ( 0.47% , 1.00% ) 65 15,331 0.42% ( 0.33% , 0.51% )

Other symptoms 19 14,633 0.13% ( 0.08% , 0.20% ) 10 10,108 0.10% ( 0.05% , 0.18% ) 3 10,819 0.03% ( 0.01% , 0.08% ) 14 13,585 0.10% ( 0.06% , 0.17% ) 46 49,145 0.09% ( 0.07% , 0.12% )

No symptoms 87 72,678 0.12% ( 0.10% , 0.15% ) 90 118,740 0.08% ( 0.06% , 0.09% ) 30 121,230 0.02% ( 0.02% , 0.04% ) 75 110,486 0.07% ( 0.05% , 0.09% ) 282 423,134 0.07% ( 0.06% , 0.07% )
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Table 6. Logistic regression models adjusted for age and gender for REACT-1 rounds 1, 2, 3 
and 4.
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Table 7. Comparison of cycle threshold (CT) values between rounds of the REACT-1 study. 
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Figures 
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Figure 1. Constant growth rate models fit to REACT-1 data for sequential and individual 

rounds.  

A models fit to REACT-1 data for sequential rounds 1 and 2 (yellow), 2 and 3 (blue) and 3 

and 4 (green). B models fit to individual rounds only (red). Vertical lines show 95% prediction 

intervals for models. Black points show observations. See Table 3 for R estimates.   
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Figure 2. Constant growth rate models fit to sequential rounds of REACT-1 data by region. 

Models fit to rounds 1 and 2 (yellow), 2 and 3 (blue) and 3 and 4 (green). Vertical lines show 

95% prediction intervals for models. Black points show observations. See Table 3 for 

associated R values.  
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Figure 3. Constant growth rate models fit to UK government Pillar 1 and 2 data for sequential 

and individual rounds. 

A models fit to symptomatic and key worker test data for the periods of: rounds 1 and 2 

(yellow), 2 and 3 (blue) and 3 and 4 (green). B models fit to the same period as each 

individual round (red). Note that only UK government data up to the 4th September was 

included whereas the REACT data covered up until the 7th September. This was done to 

avoid the problem of the most recent days in the UK government data having underreported 

values. Vertical lines show 95% prediction intervals for models. Black points show 

observations. See Table 3 for R estimates.  
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Figure 4. Comparison of cycle threshold (CT) values between rounds for samples in which 

both E and N genes were detected. 

A scatter plot of CT values for rounds 1 (pink), 2 (blue), 3 (green) and 4 (brown). B (E gene) 

and C  (N gene) histograms of CT values for rounds 1, 2, 3 and 4.  
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Figure 5. Spatial clustering during sequential rounds of REACT-1. 

A (rounds 1 and 2), B (rounds 2 and 3), C  (rounds 3 and 4) the distribution of pairwise 

distances between swab-positive participants (blue line) compared with 5000 random 

redraws of pairwise distances between swab-negative participants (red line, median; dark red 

area, central 50%; light red area, central 95%). D  (rounds 1 and 2) and E (rounds 2 and 3) F 

(rounds 3 and 4) jittered home locations of swab-positive participants who most frequently 

formed close pairs with other positive participants (see Figure 6 and Methods).  
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Figure 6. Identifying highly clustered positive samples.  

Cumulative distribution of the number of times participants with positive (blue) or negative 

(red) tests are in pairs of distance 30 km apart or less: (A) rounds 1 and 2, (B ) rounds 2 and 

3, (C) rounds 3 and 4. Red line averaged over 5000 random draws of 282 negative 

participants. Red area is the central 90% range. Distribution of areas of convex hulls (red 

bars) around home locations of most clustered negative participants in rounds 1 and 2 ( D ), 
rounds 2 and 3 (E), and rounds 3 and 4 ( F) from 10 000 repeated random draws. Vertical 

blue line shows area of convex hull of the same number of most clustered positive 

participants. 
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