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Abstract

Background: England experienced a third wave of the COVID-19 epidemic from end May
2021 coinciding with the rapid spread of Delta variant. Since then, the population eligible for
vaccination against COVID-19 has been extended to include all 12-15-year-olds, and a
booster programme has been initiated among adults aged 50 years and over, health care
and care home workers, and immunocompromised people. Meanwhile, schoolchildren have
returned to school often with few COVID-19-related precautions in place.

Methods: In the REal-time Assessment of Community Transmission-1 (REACT-1) study,
throat and nose swabs were sent to non-overlapping random samples of the population
aged 5 years and over in England. We analysed prevalence of SARS-CoV-2 using reverse
transcription-polymerase chain reaction (RT-PCR) swab-positivity data from REACT-1 round
14 (between 9 and 27 September 2021). We combined results for round 14 with round 13
(between 24 June and 12 July 2021) and estimated vaccine effectiveness and prevalence of
swab-positivity among double-vaccinated individuals. Unlike all previous rounds, in round 14,
we switched from dry swabs transported by courier on a cold chain to wet swabs using
saline. Also, at random, 50% of swabs (not chilled until they reached the depot) were
transported by courier and 50% were sent through the priority COVID-19 postal service.

Results: We observed stable or rising prevalence (with an R of 1.03 (0.94, 1.14) overall)
during round 14 with a weighted prevalence of 0.83% (0.76%, 0.89%). The highest weighted
prevalence was found in children aged 5 to 12 years at 2.32% (1.96%, 2.73%) and 13 to 17
years at 2.55% (2.11%, 3.08%). All positive virus samples analysed correspond to the Delta
variant or sub-lineages of Delta with one instance of the E484K escape mutation detected.
The epidemic was growing in those aged 17 years and under with an R of 1.18 (1.03, 1.34),
but decreasing in those aged 18 to 54 years with an R of 0.81 (0.68, 0.97). For all
participants and all vaccines combined, at ages 18 to 64 years, vaccine effectiveness
against infection (rounds 13 and 14 combined) was estimated to be 62.8% (49.3%, 72.7%)
after two doses compared to unvaccinated people when adjusted for round, age, sex, index
of multiple deprivation, region and ethnicity; the adjusted estimate was 44.8% (22.5%,
60.7%) for AstraZeneca and 71.3% (56.6%, 81.0%) for Pfizer-BioNTech, and for all vaccines
combined it was 66.4% (49.6%, 77.6%) against symptomatic infection (one or more of 26
surveyed symptoms in month prior). Across rounds 13 and 14, at ages 18 years and over,
weighted prevalence of swab-positivity was 0.55% (0.50%, 0.61%) for those who received
their second dose 3-6 months before their swab compared to 0.35% (0.31%, 0.40%) for
those whose second dose was within 3 months of their swab, while weighted prevalence
among unvaccinated individuals was1.76% (1.60%, 1.95%). In round 14, age group, region,
key worker status, and household size jointly contributed to the risk of higher prevalence of
swab-positivity.

Discussion: In September 2021 infections were increasing exponentially in the 5-to-17-year
age group coinciding with the start of the autumn school term in England. Relatively few
schoolchildren aged 5 to 17 years have been vaccinated in the UK though single doses are
now being offered to those aged 12 years and over. In adults, the higher prevalence of
swab-positivity following two doses of vaccine from 3 to 6 months compared to within 3
months of second dose supports the use of a booster vaccine. It is important that the
vaccination programme maintains high coverage and reaches children and unvaccinated or
partially vaccinated adults to reduce transmission and associated disruptions to work and
education.
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Introduction

The United Kingdom (UK) has experienced one of the highest SARS-CoV-2 infection and

COVID-19 fatality rates in Europe since the start of the pandemic [1]. However, the UK was

one of the first to implement a national vaccination programme, starting in December 2020,

with rollout to the population targeted at those most at risk including those at older ages,

health care workers and people with specified health conditions.

The rapid spread of the Delta variant in England from May 2021 coincided with a third wave

of infections [2] and prevalence of infections remained high into summer 2021 [3]. During

August 2021 the incidence of reverse transcription-polymerase chain reaction (RT-PCR)

confirmed cases of COVID-19 presenting to the national testing programme in England

(Pillar 2) increased gradually by over 10% overall [3].

In September 2021 the rollout of the national vaccination programme against COVID-19 in

England was extended to offer a single dose to older school children (aged 12 years and

over) and booster (third) doses (at least six months following the second dose) to health and

social care workers, all those over 50 years of age and younger people at risk. However, by

mid-September 2021, the number of people receiving first vaccination doses dropped to its

lowest level (just under 21,000 doses per day on average in the UK) [4] since at least

mid-January 2021 (the earliest data available publicly). Nonetheless, by 12 October 2021,

85.6% of those 12 years of age and older in the UK had received their first dose and 78.6%

had received their second [4].

In early September 2021, schoolchildren in England returned to school with the Department

for Education no longer recommending that it was necessary to keep children in consistent

groups (bubbles). Furthermore, schools were no longer expected to undertake contact

tracing, with close contacts in schools now identified by the national contact tracing

programme (Test and Trace) [5]. During this first month of return to school, the incidence of

confirmed cases in England recorded through Pillar 2 dropped to a low in mid-September

2021 and then rose again, but overall was relatively stable. This is in stark contrast to the

experience in Scotland where the incidence of confirmed cases increased by more than

450% during August, at a time when schoolchildren in Scotland returned to school [6].

Understanding such national-level (and more local) trends is highly dependent on the

context, including return to school, changes in social mixing patterns, home versus office

working and levels of vaccine-induced and naturally acquired immunity.
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Here we describe the underlying dynamics driving patterns in SARS-CoV-2 during

September 2021 in England by analysing RT-PCR swab-positivity data from the most recent

round of the REal-time Assessment of Community Transmission-1 (REACT-1) study [7,8],

round 14. This obtained throat and nose swabs from a random sample of the population of

England at ages 5 years and over from 9 to 27 September 2021. We also combine round 14

data with data from round 13, which obtained swabs from 24 June to 12 July 2021.

Results

Descriptive statistics

A total of 822,176 participants were invited to participate in round 14 of the REACT-1 study

of whom 147,393 (17.9%) registered and 100,527 (12.2%) provided a wet swab (using

saline) with a valid result from RT-PCR. Samples were transported either by courier

(N=46,705) or sent through the priority COVID-19 postal service (N=53,822) (Supplementary

Table S1). Prevalence was slightly higher (Table S1) and cycle threshold (Ct) values in

positives slightly lower (Table S1, Figure S1) in the samples sent by courier compared to

samples shipped by post. Information on vaccination status and timing was available from

the National Health Service (NHS) COVID-19 vaccine database for 87,966 (87.5%)

participants who consented to data linkage.

Prevalence and Epidemic Growth Estimates

Of the 100,527 valid swabs, a total of 764 were positive, giving a weighted prevalence of

0.83% (0.76%, 0.89%) (Table 1). This is higher than in round 13 when weighted prevalence

was 0.63% (0.57%, 0.69%), despite the potential loss in diagnostic sensitivity due to the

change in sample handling procedures in round 14.

The P-spline fit to data from all REACT-1 rounds was indicative of a stable or increasing

trend in the prevalence of swab-positivity during round 14 (Figure 1). A log-linear model

estimated a reproduction number R of 1.03 (0.94, 1.14) across all age groups combined

(Table 2). There were limited differences in the R estimates for samples shipped by post at

1.06 (0.93, 1.20) or by courier at 0.98 (0.84, 1.13) (Table 2).

Weighted prevalence in round 14 varied by age group and ranged from 0.29% (0.20%,

0.42%) in adults aged 75 and over to 2.55% (2.11%, 3.08%) in teenagers aged 13 to 17. A

high weighted prevalence at 2.32% (1.96%, 2.73%) was also observed in children aged 5 to

12 years (Figure 2, Table 3a).

The fitted P-splines indicated increasing prevalence at ages 5 to 17 years and decreasing

prevalence at ages 18 to 54 years (Figure 3). Log-linear models estimated a >0.99 posterior
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probability that the growth rate differed between these two groups. Accordingly, we

estimated that the epidemic was growing in round 14 among those aged 17 years and under

with R of 1.18 (1.03, 1.34) and 0.99 posterior probability that R>1, and decreasing with R of

0.81 (0.68, 0.97) and 0.01 posterior probability that R>1, in those aged 18-54 years (Table

2).

Weighted prevalence was also found to vary by region (Figure 4, Table 3a) ranging from

0.57% (0.45%, 0.72%) in the South East to 1.25% (1.00%, 1.57%) in Yorkshire and The

Humber. Within round 14, there was evidence of epidemic growth (with posterior probability

that R>1 greater than or equal to 0.99) in London with R of 1.59 (1.23, 1.99) and in East

Midlands with R of 1.36 (1.05, 1.73) (Table 4).

We found higher weighted prevalence of swab-positivity among participants of Black

ethnicity at 1.41% (0.91%, 2.19%), compared to that of white participants at 0.78% (0.72%,

0.85%) (Table 3a). Participants living in larger compared to smaller households had higher

weighted prevalence ranging from 0.33% (0.25%, 0.44%) for single-person households to

1.75% (1.24%, 2.46%) for households with 6 or more persons (Table 3b). Prevalence was

also higher in households with one or more children at 1.37% (1.22%, 1.52%) compared to

0.40% (0.35%, 0.46%) for households without children; and among those reporting to have

been in contact with a confirmed COVID-19 case at 7.35% (6.50%, 8.31%) compared with

0.43% (0.38%, 0.49%) among those without such contact.

Using self-reported vaccination status we found higher prevalence in unvaccinated

participants at 1.73% (1.42%, 2.12%) at all ages compared to those reporting having

received two vaccine doses at 0.56% (0.50%, 0.62%) (Table 3b). To account for time needed

for the vaccine to grant immunity, we recoded the vaccination status using time since last

vaccination assuming that a dose (first and second) would only be effective more than 14

days after injection. Due to the large number of missing dates in self-reported data, we used

linked data for which information on dates was almost complete. Using this definition of

vaccination status on the linked data, we found a similar gradient in weighted prevalence

ranging from 0.55% (0.49%, 0.61%) in those having received two doses to 2.34% (2.04%,

2.69%) in unvaccinated people.

In multiple logistic regression analysis (Table 5) key workers other than healthcare workers

and care home workers had increased risk of swab-positivity, with odds ratio (OR) of 1.35

(1.10, 1.66) compared to other workers. Swab-positivity was also higher with increasing

household size, with mutually adjusted ORs of 1.77 (1.44, 2.17) and 2.37 (1.62, 3.47) for

households of 3-5 and 6 or more persons, respectively, compared to households with 1 or 2

persons.
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Vaccination status and Vaccine Effectiveness

Pooling the linked data from rounds 13 and 14 for ages 18 years and over (in total

N=172,862), we investigated weighted prevalence of swab-positivity by vaccination status

(Figure 5). Across rounds and age group (for those over 18 years), weighted prevalence was

higher at 0.55% (0.50%, 0.61%) for those who received their second dose 3-6 months

before their swab compared to 0.35% (0.31%, 0.40%) for those whose second dose was

within 3 months of the swab (Figure 5A). The weighted prevalence for those whose second

dose was administered more than 6 months prior was similar to those vaccinated within 3-6

months of their swab at 0.52% (0.33%, 0.78%), but with a wider confidence interval.

Nevertheless, irrespective of the number and timing of the vaccine doses received, weighted

prevalence in vaccinated people at ages 18 years and over was lower than that in

unvaccinated people, which was 1.76% (1.60%, 1.95%). The age distribution across vaccine

categories (Figure 5B) was heterogeneous, with a higher proportion of younger participants

being unvaccinated or having received only a single vaccine dose. However, in the

double-vaccinated participants there was an apparent trend of increasing weighted

prevalence at each age for those having received their second dose 3-6 months before their

swab compared to those vaccinated less than 3 months earlier (Figure 5C).

Vaccine Effectiveness (VE) estimates were derived using the linked dataset for rounds 13

and 14 combined restricted to ages 18 to 64 years only, since few people were unvaccinated

over the age of 65 years, and few were vaccinated below the age of 18 years. VE was

estimated through a series of logistic models adjusted for round, and sequentially for age,

sex, and additionally for index of multiple deprivation, region and ethnicity (Table 6) (all Delta

variant infections, see below). In the full population at ages 18 to 64 years and for all

vaccines combined, VE against infection ranged from 66.3% (55.3%, 74.7%) with

adjustment for round to 62.8% (49.3%, 72.7%) in the fully adjusted model. Fully adjusted VE

estimates for AstraZeneca and Pfizer-BioNTech vaccines were 44.8% (22.5%, 60.7%) and

71.3% (56.6%, 81.0%), respectively. VE estimates in models restricted to symptomatic cases

were similar to those of models that also included asymptomatic cases.

Sequencing data

Lineage from the 475 (62.2%) sequenced among the 764 positive swabs all corresponded to

Delta variant or sub-lineages of Delta (Table S2). AY.4 was the most detected sub-lineage

representing 61.5% (57.0%, 65.7%) of the sequenced samples, and there were 7 samples

with single spike mutations of interest (as defined by Public Health England): E484K, N501Y,

F490S, R246G, V483F, P251L and Q613H.
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Discussion

In this fourteenth round of the REACT-1 study we found both high and increasing prevalence

of SARS-CoV-2 swab-positivity among school-aged children in September 2021, reflecting

increased social mixing of children as they attended school for the autumn term. At the same

time we found decreasing prevalence among young to middle-aged adults (18 to 54 years).

This may reflect the effect of previous natural infection, especially among younger adults

where infection rates have been high [9], and the continued roll out of the vaccination

campaign in England. Since April 2021 this was expanded to include adults under the age of

50 years [10], older teenagers (aged 16 and 17 years) from August 2021 and most recently

(mid-September 2021) children aged 12 to 15 years.

Vaccination has proved highly effective against severe complications of COVID-19 including

hospitalization and death, but there is less clarity concerning protection against infection.

Nonetheless, estimates of VE against infection of up to 90% have been reported, although

based on routine testing of symptomatic individuals [11]. We reported in round 13 of

REACT-1 an estimate of VE against infection of 62% based on the linked data [12].

However, we were not powered to examine VE by vaccine type in round 13 alone. Here, we

combined data from rounds 13 and 14 with an estimate of ca. 63% for VE overall, similar to

our previous estimate. But we were also able to estimate VE for AstraZeneca and

Pfizer-BioNTech vaccines separately. Though confidence intervals overlap, our results

suggest higher effectiveness against infection for Pfizer-BioNTech than AstraZeneca,

consistent with findings from Public Health England that reported higher VE for

Pfizer-BioNTech based on routine testing of symptomatic cases (Pillar 2 of the national

testing programme) [13]. However, it should be noted that VE is population- and

time-specific so these estimates are context specific reflecting performance of the vaccines

in England at this time.

As in our previous report (round 13 [12]), we found that all sequenced swabs were Delta

variant and its sublineages, indicating almost complete replacement of Alpha and other

variants by Delta in England. We detected one potential escape E484K mutation which

translates into an estimated 984 such infections in England with a lower 95% confidence

limit of 159. Overall there were 7 samples with single spike mutations of interest as defined

by Public Health England (now part of the UK Health Security Agency).
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Our study shows that prevalence of swab-positivity among unvaccinated individuals remains

three to four-times higher than in double-vaccinated people, but also suggests that

prevalence of swab-positivity indicative of breakthrough infections following two-dose

vaccination may increase after 3 to 6 months. In addition, we find that people living in larger

households, and people living in households with children, experience higher rates of

swab-positivity than those in smaller households or without children in the household. Thus

there is a delicate balance between degree of social mixing including across generations,

levels of vaccination in the community and risk of infection.

Although following the vaccination campaign there has been a relative uncoupling between

infections and hospitalizations and deaths in England [2], concerns remain about the

potential for high infection rates and incomplete population immunity to result in increased

risk of severe complications from COVID-19. England in common with the rest of the United

Kingdom and several other countries (notably Israel [14]) has embarked on a campaign to

roll out third (booster) doses (in England this involves adults aged 50 years and over, health

and social care workers and younger people at risk) [15]. On-going monitoring of the

epidemic in England and elsewhere will be important to gauge the extent to which booster

doses in adults and the campaign to vaccinate older children curtail any future wave of the

epidemic.

The finding of both the highest weighted prevalence levels and exponential growth in

swab-positivity during round 14 in the 5-to-17-year age group raises concerns for clinically

extremely vulnerable children as well as clinically extremely vulnerable close contacts

including household members and school staff. There are also concerns about the effects on

education of the large numbers of children who are required to be out of school when testing

positive as a result of the high rates of infection. The finding that prevalence was more than

three-times greater for individuals in households with one or more children than in those in

households without children suggests that infections in children, unsurprisingly, spread into

other age groups. Nonetheless, as noted, the declining prevalence of swab-positivity during

round 14 in adults aged 18 to 54 years, suggests that these adults are benefitting from both

high previous levels of natural infection (especially among younger adults) and the high

uptake of vaccination (especially among older adults in this age range).

Our study has limitations. Since the REACT-1 study began in May 2020, we observed a

gradual reduction in response rates from 30.5% in round 1 to 11.7% in round 13. However,

in round 14, the response rate increased slightly to 12.2%. This increase, albeit small, is

encouraging. It may be that further changes to the survey could further increase

participation. The change to using wet swabs in saline solution and the collection of samples
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without the cold chain (by post or courier) may well have affected diagnostic sensitivity. We

were reassured by the limited differences between the samples collected by post and

courier. However, because the exact system used in previous rounds (dry swabs and a

sustained cold chain) was not compared within a round, we could not estimate the impact of

the new approaches compared to that used in previous rounds. A further limitation is that we

do not have perfect data on the vaccination status of all participants. Although consent to

data linkage was at a high level (87.5% in round 14) not all participants consent for linkage

to their NHS records which include data from the COVID-19 immunization programme. For

those who are not linked, data on the dates of vaccination and vaccine type are either

missing or less reliable than in the linked data, such that we based our estimates of VE on

the subset with linked records. This may introduce a bias to the extent that those who do

and do not consent to data linkage may differ in important ways, such as social mixing

patterns, that may affect risk of infection.

In addition, for our estimates of VE by vaccine type, even though we controlled for age and

round in our sample, the amplitude of the differences between vaccines may be

exaggerated. This is because there were different age-specific patterns in vaccine delivery

(AstraZeneca having been primarily administered to older people) as well as differences in

transmission dynamics for the age groups that received the different vaccines.

In conclusion, we found evidence of increasing prevalence of swab-positivity among

school-aged children as well as higher prevalence of swab-positivity within three to six

months following two-dose vaccination against COVID-19 in adults. Ongoing efforts to

deliver single-dose vaccination to older school children, two doses to all adults, and booster

doses to adults aged 50 years and over (as well as health and social care workers and

younger people at risk) should help to counteract any reduction in immunity at both individual

and population levels. The upcoming (typically) one-week half-term school holiday in

England may have an impact on infection rates not just in children but their household

members whose behaviours and social mixing patterns may be affected over the holiday

period. In addition, we are entering the winter season in England when typically the NHS

comes under strain from influenza and other infections. It is important that the vaccination

programme maintains high coverage and reaches children and unvaccinated or partially

vaccinated adults to reduce transmission and associated disruptions to work and education.

Materials and Methods
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The REACT study methods have been reported elsewhere [8]. Briefly, in REACT-1, we invite

non-overlapping random cross-sectional samples of the population in England (aged 5 years

and over) to take part, with data collection occurring monthly over a period of two to three

weeks (except December 2020 and August 2021 when no survey was undertaken). At each

round of data collection, named individuals from the NHS list of patients registered with a

general practitioner in England are invited to take part, based on lists obtained from NHS

Digital.

From beginning of May 2020 to beginning of May 2021 (round 1 to round 11) we aimed for

approximately equal numbers of participants in each of 315 lower-tier local authorities

(LTLAs) in England (combining the Isles of Scilly with Cornwall and the City of London with

Westminster) but from round 12 (late May to early June 2021) onwards, we modified the

sampling procedure to obtain a random sample in proportion to population at LTLA level.

This increased the sampling in higher population density inner urban areas although

prevalence reporting was unaffected as we re-weight the data at each round to be

representative of England as a whole as described below.

We ask participants to provide a self-administered throat and nose swab (or parent/guardian

obtained swab for children aged 5 to 12 years) following written and video instructions.

Swabs are sent to a central laboratory for RT-PCR, and the test is considered positive either

if both the two gene targets (N gene and E gene) used are detected or if N gene is detected

with cycle threshold (Ct) value less than 37.

For round 14 we modified the way that the swab samples were handled. From round 1 to

round 13 (June to July 2021) we used dry swabs which were refrigerated in the home and

then sent chilled to the laboratory by courier for RT-PCR testing. In round 14, we switched to

wet swabs in saline solution which were then either returned by post or via courier without

the cold chain, although samples were refrigerated on arrival at the depot before being

transported onward to the laboratory. Participants were allocated randomly on a 1:1 basis to

either post or courier.

For people taking part in the study, we obtain age, sex, address and residential postcode

from the NHS register and collect further information on demographics, health (including

symptom reporting and contact with a known COVID-19 case) and lifestyle from an online or

telephone questionnaire (available on the study website [16]). Participants are also asked for

consent for linkage to their NHS records including data from the COVID-19 immunization

programme.
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Response rates are calculated as the percentage of those invited from whom we receive a

valid swab result; this was 19.7% across all rounds, 11.7% for round 13 and 12.2% for round

14.

Viral genome sequencing

Where there was sufficient sample volume and for N gene Ct values < 34, samples were

sent frozen for viral genome sequencing at the Quadram Institute, Norwich, UK. The ARTIC

protocol [17] was used for amplification of viral RNA and CoronaHiT for preparation of

sequencing libraries [18]. The ARTIC bioinformatic pipeline [19] was used for analysis of

sequencing data and lineages were assigned using PangoLEARN [20].

Statistical Analyses

Statistical analyses were carried out in R [21]. We calculated unweighted (crude) prevalence

by sociodemographic, occupational and other groups by dividing counts of swab-positivity

(from RT-PCR) by the number of valid swabs returned in that group. We then use rim

weighting [22] to obtain prevalence weighted to be representative of the population of

England as a whole. Variables considered were: age (seven age groups), sex, deciles of the

index of material deprivation (IMD), LTLA counts and ethnic group (nine categories: white;

mixed / multiple ethnic groups; Indian; Pakistani; Bangladeshi; Chinese; any other Asian

background; Black African / Caribbean / other; and any other ethnic group or missing). We

used logistic regression to adjust for the potential confounding effects of covariates on

prevalence estimates.

We used an exponential model of growth or decay to analyse trends in swab positivity over

time, making the assumption that the number of positive samples (from the total number of

samples) each day arose from a binomial distribution. The model takes the form 𝐼(𝑡) = 𝐼0.𝑒𝑟𝑡 ,

where 𝐼(𝑡) is the probability of swab positivity at time t, 𝐼0 is the probability of swab positivity

on the first day of data collection per round and r is the growth rate. The binomial likelihood

for P (out of N) positive tests on a given day is then 𝑃 ∼𝐵(𝑁,𝐼0.𝑒𝑟𝑡) based on day of swabbing

or, if unavailable, day of sample collection (courier) or first scan of the sample by the Post

Office if sent by post. We estimated posterior credible intervals using a bivariate No-U-Turn

Sampler assuming uniform prior distributions on 𝐼0 and r [23]. We estimated the reproduction

number R assuming a generation time that has a gamma distribution with shape parameter,

n = 2.29 and rate parameter 𝛽 = 0.36 (corresponding to a mean generation time of 6.29

days) [24]. We estimated R for round 14 from the equation 𝑅=(1+𝑟/𝛽)^𝑛 [25] using data from
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all participants and stratified by age (5 to 17, 18 to 54, and 55+ years). We also estimated R

for different definitions of swab-positivity and separately for samples sent by courier or post.

We fit a Bayesian penalised-spline (P-spline) model [26] to the daily data using a No U-Turns

Sampler in logit space, with the data segmented into approximately 5 day sections by

regularly spaced knots, and further knots included beyond the study period to minimise edge

effects. We also fit P-splines to the REACT-1 data stratified by age as above in which a

P-spline was fit separately to each age group but the smoothing parameter, was assumedρ,  

to be the best fitting value obtained for the model fit to all data.

We calculated VE against infection from combining data from round 13 and round 14 to

increase statistical power. These estimates were based on data from linkage (with consent)

to the national COVID-19 vaccination dataset which gave reliable dates of vaccination

(unlike the self-report data where there were many missing dates). Based on the dates from

data linkage, a person was considered to have had one dose 14 days after administration of

the vaccine (before then being considered unvaccinated) and two doses 14 days after the

second vaccination (before then being considered as having one dose only). We estimated

VE as 1 - odds ratio, where the odds ratio was obtained from a logistic regression model

comparing swab positivity among vaccinated and unvaccinated individuals, with adjustment

for round, then sequentially round, age and sex, and round, age, sex, index of multiple

deprivation quintile and ethnicity.

Public involvement

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

REACT research programme.

Ethics

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

Committee (IRAS ID: 283787).
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Figures and Tables

Table 1. Unweighted and weighted prevalence of swab-positivity from REACT-1 across rounds 1 to 14
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Table 2. Table of growth rates, reproduction numbers and doubling/halving times from exponential model fits.
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Table 3a. Weighted prevalence of swab-positivity by sex, age, region, employment type, and ethnic group for round 14.
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Table 3b. Weighted prevalence of swab-positivity by household size, COVID-19 case contact status, symptom status, number of children in the
household, neighbourhood deprivation and vaccination status for round 14.
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Table 4. Table of estimated growth rates, reproduction numbers and doubling/halving times from exponential model fits by region for round 14.
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Table 5. Multiple logistic regression for round 14. Results are presented as odds ratios
(ORs) and 95% confidence intervals adjusted for age and sex and additionally for all other
variables (mutually adjusted OR).
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Table 6 Estimates of vaccine effectiveness against swab-positivity indicative of breakthrough infections for round 13 and 14 of REACT-1
adjusted for round and further adjusted for age and sex, and IMD, region, and ethnicity: for linked vaccine status data, for participants aged 18
to 64 years and test positive reporting at least one symptom in month prior to testing.
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Figure 1. (Top) Comparison of an exponential model fit to round 14 (red) and a P-spline
model fit to all rounds of REACT-1 (black, shown here only for round 14). Shaded red region
shows the 95% posterior credible interval for the exponential model, and the shaded grey
region shows 50% (dark grey) and 95% (light grey) posterior credible interval for the P-spline
model. Results are presented for each day (X axis) of sampling for round 14 and the
prevalence of swab-positivity is shown (Y axis) on a log scale. Weighted observations (black
dots) and 95% confidence intervals (vertical lines) are also shown. (Bottom) Frequency of
tests collected via courier (blue) and via post (red) by date of swab.
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Figure 2. Weighted prevalence of swab-positivity by age group in round 14. Bars show the
prevalence point estimates, and the vertical lines represent the 95% confidence intervals.
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Figure 3. Comparison of P-spline models fit to all rounds of REACT-1 for those aged 17 and
under (red), those aged 18 to 54 inclusive (blue) and those aged 55 and over (green).
Shown here for only the period of round 14. Shaded regions show 50% (dark shade) and
95% (light shade) posterior credible interval for the P-spline models. Results are presented
for each day (X axis) of sampling for round 14 and the prevalence of swab-positivity is
shown (Y axis) on a log scale. Weighted observations (dots) and 95% confidence intervals
(vertical lines) are also shown.
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Figure 4. Weighted prevalence of swab-positivity by region in round 14. Bars represent
prevalence point estimates, and the vertical lines the corresponding 95% confidence
intervals.
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Figure 5. Weighted prevalence of swab-positivity for all REACT-1 participants aged 18 years
and over with linked data in round 13 and round 14 combined by vaccination status (A). Age
distribution within each vaccination status (B). Weighted prevalence by age group in
participants who received two vaccine doses (C ).

27



Supplementary Materials

Table S1. Unweighted and weighted prevalence of swab-positivity and Median N-gene Ct
values between individuals with different methods of swab test collection in round 14.

Table S2. Proportion of each Delta sub-lineage detected in 475 (62.1%) positive samples
from round 14.

Figure S1. Distribution of N-gene Ct values, by method used in collecting swab tests from
participants, for all positive samples. Cumulative distribution of all N-gene Ct values for those
whose swab test was collected by courier (blue) and those who sent their swab test in the
post (red).
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Table S1. Unweighted and weighted prevalence of swab-positivity and Median N-gene Ct values between individuals with different methods of
swab test collection in round 14.
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Table S2. Proportion of each Delta sub-lineage detected in 475 (62.1%) positive samples
from round 14*.

* One Delta variant with E484K mutation detected
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Figure S1. Distribution of N-gene Ct values, by method used in collecting swab tests from
participants, for all positive samples. Cumulative distribution of all N-gene Ct values for those
whose swab test was collected by courier (blue) and those who sent their swab test in the
post (red).
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