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Daily use of lateral flow devices by contacts of confirmed
COVID-19 cases to enable exemption from isolation
compared with standard self-isolation to reduce onward
transmission of SARS-CoV-2 in England: a randomised,
controlled, non-inferiority trial

Nicola K Love, Derren R Ready, Charlie Turner, Neville Q Verlander, Clare E French, Alex F Martin, Tina B Sorensen, Soeren Metelmann,
Sarah Denford, G James Rubin, Lucy Yardley, Richard Amlét, Susan Hopkins, Isabel Oliver

Summary

Background In the UK, during the study period (April to July, 2021), all contacts of people with COVID-19 were
required to self-isolate for 10 days, which had adverse impacts on individuals and society. Avoiding the need to self-
isolate for those who remain uninfected would be beneficial. We investigated whether daily use of lateral flow devices
(LFDs) to test for SARS-CoV-2, with removal of self-isolation for 24 h if negative, could be a safe alternative to self-
isolation as a means to minimise onward transmission of the virus.

Methods We conducted a randomised, controlled, non-inferiority trial in adult contacts identified by COVID-19
contact tracing in England. Consenting participants were randomly assigned to self-isolation (single PCR test, 10-day
isolation) or daily contact testing (DCT; seven LFD tests, two PCR tests, no isolation if negative on LFD); participants
from a single household were assigned to the same group. Participants were prospectively followed up, with the
effect of each intervention on onward transmission established from routinely collected NHS Test and Trace contact
tracing data for participants who tested PCR-positive for SARS-CoV-2 during the study period and tertiary cases
arising from their contacts (ie, secondary contacts). The primary outcome of the study was the attack rate, the
percentage of secondary contacts (close contacts of SARS-CoV-2-positive study participants) who became COVID-19
cases (tertiary cases) in each group. Attack rates were derived from Bernoulli regression models using Huber-White
(robust) sandwich estimator clustered standard errors. Attack rates were adjusted for household exposure, vaccination
status, and ability to work from home. The non-inferiority margin was 1-9%. The primary analysis was a modified
intention-to-treat analysis excluding those who actively withdrew from the study as data from these participants were
no longer held. This study is registered with the Research Registry (number 6809). Data collection is complete;
analysis is ongoing.

Findings Between April 29 and July 28, 2021, 54923 eligible individuals were enrolled in the study, with final group
allocations (following withdrawals) of 26123 (52-6%) participants in the DCT group and 23500 (47-4%) in the self-
isolation group. Overall, 4694 participants tested positive for SARS-CoV-2 by PCR (secondary cases), 2364 (10-1%) in
the self-isolation group and 2330 (8-9%) in the DCT group. Adjusted attack rates (among secondary contacts) were
7-5% in the self-isolation group and 6-3% in the DCT group (difference of -1-2% [95% CI -2-3 to —0- 2[; significantly
lower than the non-inferiority margin of 1-9%).

Interpretation DCT with 24 h exemption from self-isolation for essential activities appears to be non-inferior to self-
isolation. This study, which provided evidence for the UK Government's daily lateral flow testing policy for vaccinated
contacts of COVID-19 cases, indicated that daily testing with LFDs could allow individuals to reduce the risk of
onward transmission while minimising the adverse effects of self-isolation. Although contacts in England are no
longer required to isolate, the findings will be relevant for future policy decisions around COVID-19 or other
communicable infections.

Funding UK Government Department of Health and Social Care.

Copyright © 2022 The Author(s). Published by Elsevier Lid. This is an Open Access article under the CC BY 4.0
license.

close contacts of individuals with confirmed COVID-19
(COVID-19 cases).! At the time of this study (April 29 to
July 28, 2021), all contacts, vaccinated and unvaccinated,

Introduction
In England, the NHS Testand Trace (NHSTT) programme
has provided access to testing and contact tracing for
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Research in context

Evidence before this study

We searched Ovid MEDLINE, with no language restrictions, for
randomised controlled trials published from database inception
up to Jan 12, 2022. We used a combination of MeSH and free-
text terms including those for SARS-CoV-2 or COVID-19
combined with terms for lateral flow testing (eg, “lateral flow”
or "rapid test*” or "antigen* test*” or “daily adj3 test*").

We found no existing trials on the use of daily lateral flow
device (LFD) testing as an alternative to self-isolation for
contacts of confirmed COVID-19 cases among the general
population. Two previous feasibility and acceptability studies
performed by the study team have demonstrated the potential
benefits of daily testing of adult contacts of COVID-19 cases
using either a single PCR test or a test-to-enable approach using
daily LFD tests plus one PCR test as part of the contact tracing
process in England. However, these studies were not designed
to assess the risk of onward transmission.

Added value of this study

To our knowledge, we present the first randomised controlled
trial in a general population of close contacts of COVID-19 cases
to assess whether daily LFDs with 24 h exemption from self-
isolation for essential activities following each negative LFD
result is a safe alternative to self-isolation. By ascertaining the
proportion of contacts of PCR-positive study participants who
became tertiary cases in each group, we showed that daily
contact testing (DCT) was a safe alternative to self-isolation
regarding onward transmission of SARS-CoV-2, with a
difference in attack rates of -1-2% among contacts of secondary
cases, indicating non-inferiority of DCT. Consistent with this

were required to isolate for 10 days from the date of
exposure to the primary case. From Aug 22, 2021,
vaccinated contacts and individuals younger than
18-5 years were no longer required to isolate, but
unvaccinated adult contacts were required by legislation
to self-isolate for 10 days from the date of their last
exposure to the case. From Feb 18, 2021, all COVID-19
contacts were offered a single PCR test, irrespective of
symptoms;’ however, only half of identified contacts
performed this test. Most contacts of COVID-19 cases
modify their behaviours and contact with other people.
However, full adherence to selfisolation guidance in
England remained between 50% and 90% (up to
August, 2021),”* reducing the effectiveness of isolation on
viral transmission. Strategies to improve self-isolation
compliance have been developed, including provision of
financial or other incentives and penalties;® however, such
strategies do not consider the wider economic, social, and
wellbeing impacts of self-isolation.”

Strategies that target self-isolation more effectively to
contacts who become infected, while allowing those
without infection to continue with essential activities,
would help individuals and society to return to greater
normality while continuing to reduce onward

www.thelancet.com/respiratory Vol 10 November 2022

finding, the number of observed tertiary cases per secondary
case was 0-14 in the DCT group and 0-16 in the self-isolation
group. Attack rates among contacts of DCT participants who
had received two vaccine doses (>14 days before recruitment)
also showed non-inferiority compared with self-isolation-
participants, suggesting that DCT would be of value among
fully vaccinated people. Compliance with testing was high, with
80% of DCT participants submitting at least one LFD result.

Implications of all the available evidence

The COVID-19 pandemic continues to have a large impact on
individuals and society. Developing public health interventions
that mitigate both viral transmission and the wider impacts on
health, wellbeing, prosperity, and society, including those
arising from self-isolation, is essential. Our study demonstrates
the potential benefits of daily testing while minimising the
need for self-isolation. A cluster-randomised controlled trial
conducted in English secondary schools and colleges conducted
at the same time as this study found supervised daily LFD tests
to be non-inferior to self-isolation for control of COVID-19
transmission in those settings, although the study did not
measure secondary transmission. In December, 2021, based on
evidence from both our study and the school-based study, the
UK Government introduced daily lateral flow testing for fully
(two-dose) vaccinated contacts of confirmed COVID-19 cases as
an alternative to isolation. Assessment of the impact of this
policy change on onward transmission of SARS-CoV-2 would
provide further, real-world, evidence of the benefits and any
potential harms of this strategy when used at national level.

transmission. Improving case ascertainment through the
identification of asymptomatic, paucisymptomatic, and
presympromatic individuals could help to target isolation
most effectively and, potentially, improve adherence to
self-isolation guidance.* Asymptomatic, rapid antigenic
testing using lateral flow devices (LFDs) for SARS-CoV-2
was widely available in the UK during the course of our
study,"” with low cost, rapid turnaround times, and
delivery outside of a routine laboratory environment. We
considered that such tests could be suitable to support a
structured programme of testing contacts of cases.*™

Two previous feasibility and acceptability studies
showed the potential benefits of a structured programme
of daily testing of contacts with either a single PCR test”
or a test-to-enable approach using daily LFD tests plus
one PCR test as part of the contact tracing process in
England."” However, these studies were not designed to
assess the risk of onward transmission. The use of daily
contact testing (DCT) using LFD tests as an alternative to
self-isolaton was explored in a school-based study, which
reported that the use of daily LFD tests was non-inferior
to self-isolation for control of SARS-CoV-2 transmission.™
Here we report the results of a randomised, controlled,
non-inferiority trial of adult, close contacts of COVID-19
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See Online for appendix

cases to test whether using daily LFD tests with 24 h
exemption from self-isolation following each negative
LFD result, in combination with two PCR tests, was a
safe alternative to self-isolation combined with a single
PCR test.

Methods

Study design and participants

This study was a two-arm, non-blinded, randomised,
controlled, non-inferiority trial using a non-inferiority
margin of 1.9%. This margin was derived from a
previous, much smaller, pilot study" in which tertiary
attack rates were 6-3% in the DCT group and 8-2% in the
general population. Lower tertiary attack rates in the DCT
group were the opposite of what was expected, but the
study team considered that a 1-9% higher percentage
positive for DCT compared with self-isolation would
indicate that DCT could be considered, in terms of
infection control consequence, as not being inferior to
self-isolation in the current study. Adults (=18 years) who
were vaccinated or unvaccinated against SARS-CoV-2,
identified as contacts of confirmed COVID-19 cases, and
living in England, were offered participation in the study
(appendix pp 2-10). Participants were not eligible to
participate if they met the following criteria: symptomatic
at recruitment; under travel-associated quarantine;
participating in a workplace DCT programme; resident in
a prison or social care institution; a contact of a case with
a variant of concern (between April 29 and June 7, 2021,
only; removed after this date to ensure generalisability for
the delta variant); or did not provide an email address.
Participants were also excluded if no postage address was
provided. If a participant had duplicate registrations (with
an alternative contact tracing identification number)
within 3 days from first registration, the duplicate
registration was excluded.

Individuals were recruited through the routine NHSTT
contact tracing process and selected sequentially.
Information on eligibility criteria was self-reported. Self-
reported age, postcode, travel criteria, and whether they
were a contact of a case with a variant of concern were
confirmed using data collected by NHSTT during contact
tracing. Recruitment was performed daily from
April 29, 2021, until the sample size was reached
(July 28, 2021), with eligible contacts invited to take part
via recruitment phone calls or via SMS or emails
containing a link to self-register online. There was no
limit on daily recruitment; however, due to intermittent
limitations in the number of study kits available,
enrolment was restricted on June 26-29, July 3-12, and
July 19-26, 2021. A subset of participants were
interviewed after completing testing or self-isolation as
part of a nested qualitative component to the study,
which is reported elsewhere.”

Ethics approval was granted by the UK Health Security
Agency (UKHSA; formerly Public Health England)
Research Ethics and Governance Group (reference

NR0235). Written informed consent was obtained during
recruitment.

Randomisation

Participants were randomly assigned to either the DCT
group (daily contact testing with seven self-administered
LFD tests, with release for 24 h based on a negative LFD
result) or the standard isolation group (a single self-taken
PCR swab and selfisolation for 10 days). Simple
randomisation without stratification was performed
using an unpredictable allocation sequence at the point
of consent based on a computer system-generated
timestamp for each participant, with allocation generated
by the study team and concealed from individuals
performing recruitment. Contacts from the same
household were reassigned to the group of the first
member of the household recruited, irrespective of the
outcome of randomisation, with clustering accounted for
in the analysis.

Procedures

Demographic data were collected at recruitment using a
secure electronic questionnaire (Snap 11 Professional;
Snap Surveys, London, UK) and downloaded twice daily
to produce lists for test kit postage and messaging. Kits
were posted via NHSTT home delivery channels. Within
24 h of recruitment, participants with a valid mobile
number or email address were informed of their assigned
study group and sent a link to a short, voluntary,
anonymous baseline questionnaire. On day 7, a link was
sent with a completion-of-study questionnaire. Reminder
messages were sent after 48 h.

Participants in both groups were asked to take a self-
sample for PCR on the day of kit arrival and return it by
post. DCT participants were provided with seven Innova
LFD tests (Innova SARS-CoV-2 Rapid Antigen Test;
(Xiamen Biotime Biotechnology, Fujian, China), which
were widely used in the UK at the time of the study;
participants were required to self-process tests using
combined nasal and oropharyngeal swabs. Previous
studies have estimated the sensitivity of this kit as being
between 57-5% and 90-9%.”” DCT participants were
asked to perform their first LFD test on the day of kit
arrival and then on each of the following 6 days, reporting
results daily to a secure study portal (developed in Snap
Surveys). Reported results were submitted to the national
results database in compliance with infectious disease
notification regulations. On reporting their first negative
LFD test, DCT participants were assigned a flag in the
NHSTT contact tracing system to prevent isolation
checks and access to self-isolation support payments. A
second PCR swab was requested for DCT participants on
receipt of an LFD-positive result or on the day of their
last LFD test (if all previous LFD tests were negative). All
participants were legally required to self-isolate for
10 days if PCR-positive. No formal restrictions were
placed on study participants in the DCT group during
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periods free from self-isolation; however, participants
were advised to minimise contact and undertake only
essential activities.

Outcomes
The primary outcome was the attack rate, defined as the
percentage of secondary contacts (close contacts of
SARS-CoV-2-positive study participants) who became
COVID-19 cases (tertiary cases) in each group. The aim
was to establish whether DCT was non-inferior to self-
isolation, using a non-inferiority margin of 1-9% of the
difference in percentages (self-isolation minus DCT).
Secondary objectives of the study were to establish the
feasibility and acceptability of each strategy by measuring
uptake and compliance with testing, ascertaining the
proportion of positive results, and describing the
concordance of PCR and LFD results. These secondary
outcomes will be reported separately in full. A further
prespecified secondary outcome, described in the present
report, was the number of days of exemption from
isolation enabled by DCT. The present report also
describes findings from the end-of-study questionnaire,
which inquired about participant behaviours during the
study period and participants’ confidence in test accuracy.
Results from an in-depth qualitative study performed
with a subset of participants are published separately.”

Statistical analysis

With allowance for attrition and testing compliance,
40000 participants were required to generate
3170 secondary contacts based on a two-sided non-
inferiority sample size calculation with a significance
level of 0-05, power of 80%, ratio of group sizes 11,
design effect of 1-2, and a non-inferiority margin
of 1.9%, using the ARTBIN® package in Stata
(version 16.1). At the study midpoint, the sample size was
inflated to 50000 to account for a lower-than-anticipated
detection of SARS-CoV-2 in primary contacts, suspected
to be related to vaccination.

Data submitted to the study LFD portal and recruitment
portal were analysed as of Aug 14, 2021, with PCR data
analysed as of Sept 8, 2021. Data were analysed in Stata
(version 15) and R Studio (version 4.0.5). Recruitment
data were enriched using routinely collected NHSTT
contact tracing data and deterministically linked to PCR
results from national laboratory surveillance, study LFD
results, and the national LFD result portal, and to
immunisation data from the National Immunisation
Management System (NIMS) using a combination of
identifiers. PCR results from all participants were
restricted to tests with a specimen date in the 90 days
before recruitment (to adjust for extended PCR positivity)
to 14 days after recruitment. Fully vaccinated and
one-dose vaccinated individuals were defined as those
vaccinated more than 14 days before recruitment. When
NIMS vaccination status was unknown, self-reported
vaccination status was used.

www.thelancet.com/respiratory Vol 10 November 2022

57430 individuals consented to join the study
22850 consented via call agents
34580 consented via digital route

27182 (49-5%) self-isolation

v

After accounting for household clustering
28757 (52:4%) DCT
26166 (47-6 %) self-isolation

|
v v

2507 excluded
N 369 not meeting inclusion criteria
1169 with incomplete records*
969 duplicate individualst
A 4
54923 randomised
27741 (50-5%) DCT

2666 lost to follow-up (withdrew

from self-isolation)

28757 assigned to DCT | | 26166 assigned to self-isolation
2634 lost to follow-up (withdrew
> from DCT) g
A4 v

26123 included in analysis of primary and
secondary outcomes
5328 who did not submit data to
the LFD results portal
excluded from per-protocol
sensitivity analyses§

secondary outcomes

analysesq

23500 included in analysis of primary and

43 who reported LFDs to study
results portal excluded from
per-protocol sensitivity

Figure: Trial profile

DCT=daily contact testing. LFD=lateral flow device. *Incomplete records were excluded following recruitment as no
address or contact information was provided. fIndividuals registering more than once with the same NHS Test and
Trace identification number were identified as duplicates, with only the first registration retained. #If multiple
contacts were reported from a single household (participants with the same postcode and house number were
grouped as household members), then all individuals in the household were assigned to the same group of the
study after recruitment, with all individuals assigned to the group to which the first memberof the household
recruited was assigned. §5328 participants were excluded from per-protocol sensitivity analyses in the DCT group
as they had not submitted results to the LFD portal and it was not possible to verify that they had participated in
the study. 9143 participants were excluded from per-protocol sensitivity analyses in the self-isolation group as it

could not be verified that they had followed self-isolation as required.

Attack rates were derived from participants (primary
contacts) who tested positive for SARS-CoV-2 by PCR in
the 2 days before and 14 days after recruitment (secondary
cases). Participants were deterministically linked to case
episodes in the NHSTT case management system,
and their named close contacts identified. Potential
transmission events were defined as contact records
matched to a subsequent case record with symptom
onset (test date if asymptomatic) between 2 days and
14 days (inclusive) after the exposure date. When the
contact was in the household, the date of symptom onset
(test date if asymptomatic) of the exposer was taken as
the exposure date. When multiple case—contact exposures
could have resulted in transmission, rules-based
prioritisation (preferring household exposures and most
recent exposures) identified a single most likely potential
transmission event. The attack rate was the proportion of
contacts of participants (secondary contacts) that were
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identified as potential transmission events, leading to
tertiary cases. Bernoulli regression models using Huber-
White (robust) sandwich estimator clustered standard
errors were used to account for the inflation due to
participants being grouped within households. These
were calculated in R (version 4.0.5) using the glm.cluster
command from the miceadds package” and the
predictions and margins commands from the margins
package. The primary analysis was a modified intention-
to-treat analysis excluding those who actively withdrew
from the study as data from these participants were no
longer held (as per the public-facing data agreement).
Those who did not submit a test were included in the

Self-isolation group (n=23500) DCT group (n=26123)

Index of multiple deprivation

1—Most deprived

O 0 N o1 ~W N

10—Least deprived
Ethnicity

Asian

Black

Mixed

White

Other

Vaccination status*

Unvaccinated

1dose

2 doses

COVID-19 case in householdt
No

Yes

1403
1589
1788
1972
2168
2418
2745
2922
2952
3399

6-0% [5-7-6-3])
6-8% [6-5-7-1])
7:7% [7:3-8])
8.4% [8-1-8-8])
9-3% [8-9-9.7])
10-4% [10-10-7])
11-8% [11-3-12:2])
12.5% [12-1-12-9])
12:6% [12-2-13-1])
14-6%[141-15))

826 (3-6% [3-3-3-8])
241 (1-0% [0-9-12])
569 (2:5% [2:3-2:6])
21346 (91-9% [91-5-92-2])
250 (11% [0-9-1-2])

3022 (13-0% [12-5-13-4])
5978 (25:7% [25-1-26-2])
14291 (61-4% [60-7-62])

9376 (40-3% [39-7-41])
13877 (597% [59-60-3])

1493 (5-8% [5-5-6])
1630 (6:3% [6-0-6-6])
1912 (7-4% [7:0-7.7))
2194 (8-4% [8-1-8-8])
2521 (9-7% [9-3-10-1])
2672 (103% [9:9-10-7])
3032 (11:7% [11:3-121])
3182 (12:3% [11-8-12-6])
3357 (12:9% [12-5-13:3])
3993 (154% [14-9-15-8])

(
(
(
(
(
(

856 (3-3% [3-1-3-5])
264 (1.0% [0-9-1-1])
707 (2:7% [2:5-2-9])
23718 (91-8% [91-4-92-1])
304 (1:2% [1-0-1-3])

3390 (13-1% [12-7-13-5])
6343 (24-6% [24-251])
16103 (62:3% [61.7-62-9])

10134 (39-3% [38-7-39-9])
15666 (60-7% [60-1-61-3])

(Table 1 continues on next page)

analysis. The simplest unadjusted model used group as
the only covariate. The second unadjusted model added
household exposure and its interaction with group, while
the third unadjusted model instead added vaccine status
(zero or one doses; two doses) and its interaction.
Adjusted versions of these models were obtained by
adding household exposure, vaccine status, and ability to
work from home. Interactions were tested for significance
by Wald tests with a significance level of 0-05. Sensitivity
analyses restricted to (1) DCT participants who submitted
LFD results to the study portal and self-isolation group
participants who did not report LED results to the study
portal (as a proxy for compliance) and (2) the first
household member recruited (to account for allocation to
the same group for multiple household members), and
with both restrictions, were performed. Alternative
mixed effects models with household as random effect

Age, years 43 (30-52) 43 (29-53)

Sex were performed and an independent unadjusted masked
Female 12734 (542% [53-6-54.8) 14000 (536% [53.0-542]) analysis was also performed. Full code can be provided
Male 10756 (45-8% [45-2-46-4]) 12113 (46-4% [45-8-47]) on request. . . . .

Geography For both behavioural questionnaires, proportions were
T {635 (7.0% [6.673]) 1802 (7.0% [67-73]) calculated among participants who provided a least one
Eastof England 2086 (8:9% [8:5-92]) 2158 (83% [7:6-86)) response to a question, and were compared using x2 tests.
ol Iy o e The second behavioural questionnaire was analysed as
North East 1992 (B:5% [8:1-8:8] . three groups: participants in the self-isolation group;
North West 4524(19.3% [18-8-19-8)) 2517 (18 8% [18 413] participants in the DCT group who tested positive on

o es 3% [18-8-19- -8% [18-4-19- .
LFD (hereafter referred to as DCT positive-test subgroup);
South East 3331 (14-2% [13.7-14.6)) 3813 (146% [14:2-15.0]) and participants in the DCT group who did not test
South West 2446 (10-4%[10-10-8 2782 (10.7% [10-3-11-0 o ",
vt Hes 446 (104% ) 782 (107% [103-11.0] positive on LED (hereafter referred to as DCT no-positive-
West Midlands 1995 (8-5% [8-1-8-8]) 2199 (8-4%[81-8-8]) test subgroup)
Yorkshire & Humber 2856 (12:2% [11.7-12-6]) 3176 (12:2% [11-8-12.6]) :

The trial was registered with the Research Registry
(number 6809).*

Role of the funding source

The UK Government Department of Health and Social
Care sponsored the trial and was involved in study design
and logistical support for PCR and LFD testing.
Otherwise, the study sponsor had no role in data analysis,
data interpretation, or writing of the report.

Results

Between April 29 and July 28, 2021, 57430 unique
contacts of confirmed cases of COVID-19 consented to
participation in the study (figure). 34580 (60-2%)
participants self-enrolled digitally and 22850 (39-8%)
enrolled via telephone calls. 54923 (95-6%) of
57430 consenting individuals were eligible for inclusion
(1169 had no address or contact information, 369 met
exclusion criteria, and 969 were duplicate participants).
27741 (50-5%) participants were randomly assigned to
the DCT group and 27182 (49-5%) to the self-isolation
group. 5300 participants withdrew after randomisation
(2634 [49-7%] DCT participants and 2666 [50-3%)] self-
isolation participants); common reasons for withdrawing
were dissatisfaction with group allocation (n=1453), being
at the end of isolation (n=770), having a previous PCR
test (n=568), and already testing positive (n=453;
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appendix p 11). Household members were assigned to the
same study group after randomisation, with final group
allocations being 26123 (52-6%) DCT participants and
23500 (47-4%) self-isolation participants.

There were no differences in the sex, age, regional
distribution, ethnicity, vaccination status, or the presence
of a COVID-19 case in the household between the two
groups (table 1). DCT participants were less likely to work
outside of the home than self-isolation participants
(40-1% vs 43-2%). 41-7% of DCT participants and 36-1%
of self-isolation participants had more than one household
member in the study or registered more than once
during recruitment.

Using a modified intention-to-treat model, of the
49623 participants who did not actively withdraw
(primary contacts), 2364 (10-1%) reported at least
one positive PCR result in the self-isolation group and
2330 (8-9%) in the DCT group in the period between
2 days before recruitment and 14 days after recruitment,
hereafter referred to as secondary cases. These
4694 individuals were linked to 4748 cases in the NHSTT
contact tracing database (where a case had multiple
records, all were included). 3815 (80-3%) of 4748 cases
reported at least one contact (secondary contacts):
1953 (81-7%) of 2390 PCR-positive self-isolation
participants and 1862 (79-0%) of 2358 PCR-positive DCT
participants (table 2). In total, 10410 secondary contacts
were reported; 5219 contacts reported by self-isolation
participants and 5191 contacts reported by DCT
participants. Of these secondary contacts, 718 became
tertiary cases (393 from self-isolation participants and
325 from DCT participants).

Overall, 2-19 secondary contacts were reported per
secondary case (2-18 per case in the self-isolation
group and 2-20 per case in the DCT group; no
statistical difference), with the majority of these being
household contacts (1-95 household secondary contacts
per case in self-isolation group and 1-93 in DCT
group). The number of tertiary cases per secondary
case was 0-14 in the DCT group and 0-16 in the self-
isolation group. Adjusted attack rates among secondary
contacts were 7-5% (95% CI 6-7-8-3) in the self-
isolation group and 6-3% (5-6-7-0) in the DCT group.
The difference in attack rate between the groups was
-1-2% (95% CI -2-3 to —0-2). The upper limit of
the confidence interval for the difference (ie, —-0-2%)
was below the non-inferiority margin of (+)1-9%,
suggesting that DCT is non-inferior to self-isolation
(table 3).

Adjusted attack rates among secondary household
contacts of secondary cases were 6-7% in the DCT
group and 8-0% in the self-isolation group, although
not significantly different (difference in attack
rate -1-3% [95% CI -2-4 to —0-1]). Attack rates among
non-household secondary contacts did not differ
between the DCT group (2-8%) and the self-isolation
group (3-6%; difference in attack rate -0-8%
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Self-isolation group (n=23500)

DCT group (n=26123)

(Continued from previous page)

Homeworkerf
No 10035 (43-2% [42-6-43-9])
Yes 13175 (56-8% [56-1-57-4])
Multiple study participants in household§
No 15006 (63-9% [63-2-64-5])
Yes 8494 (36:1% [35-5-36-8])

more than 3 days from first registration.

10324 (40-1% [39-5-40-7])
15424 (59-9% [59-3-60-5])

15239 (58-3% [57-7-58-9])
10884 (41:7% [41-1-42-3])

Data are n (% [95% Cl]) or median (IQR). Data completeness for the self-isolation group and the DCT group, respectively,
is as follows: for sex, 23490/23 500 (100%) and 26 113/26 123 (100%); for age, 23153 (98-5%) and 25749 (98-6%); for
geography (UKHSA region), 23492 (100%) and 26 096 (99-9%); for index of multiple deprivation, 23356 (99-4%) and
25986 (99-5%); for ethnicity, 23232 (98-9%) and 25 849 (99-0%); for self-reported vaccination status, 23291 (99-1%)
and 25836 (98-9%); for index case in household, 23253 (98-9%) and 25 800 (98-8%); for self-reported ability to work
from home, 23210 (98-8%) and 25748 (98-6%); for more than one household member or an individual registered
more than once in the study, 23500 (100%) and 26 123 (100%). *Self-reported. Question: “Have you received a
vaccination for COVID-19". Options: yes—2 doses; yes—1 dose; no. tSelf-reported. Question: “Does the person with
COVID-19 that you were exposed to live in your household?”. Options: yes, no. $Self-reported. Question: “Are you able to
work from home?”. Options: yes, no. SDerived from house number and postcode given at recruitment. Participants with
same postcode and house number grouped as household members; includes individuals registered more than once if

Table 1: Baseline characteristics of participants by study group

[-2-9 to 1-3]). Attack rates did not significantly differ
between groups for secondary contacts who were
unvaccinated or partially vaccinated (7-0% in DCT
group and 7-9% in self-isolation group; difference
in attack rate —0-9% [-2-4 to 0-6]). The difference was
greater in magnitude, but not significant, for fully
vaccinated secondary contacts (5-4% in DCT group vs
7-0% in self-isolation group; difference in attack
rate —1:6% [-3-1 to —0-1]). Results from models testing
group and household exposure interaction and group
and vaccination status interaction were not significant
(table 3).

Regarding LFD testing uptake and compliance,
between April 30 and Aug 9, 2021, 124010 unique LFD
test results were reported to the study portal from
20795 (79-6%) DCT participants. 5328 DCT participants
did not report LFD results to the study portal, of whom
1300 reported at least one result to the national, non-
study portal (appendix p 13). Demographic characteristics
differed significantly between people who did and did
not report an LFD result to the portal. Individuals
in lower index-of-multiple-deprivation deciles, those of
minority ethnicity background, and those unable to
work from home were less likely to report a result
(appendix pp 14-15). 19663 (94-6%) of 20795 DCT
participants reported only negative or void LFD results
and 1132 (5-4%) of 20795 DCT participants reported at
least one positive LFD result.

A sensitivity analysis removed DCT participants who
had not submitted an LFD result to the study portal and
self-isolation group participants who had reported LFD
results to the study portal (appendix pp 16-17), again
indicating that DCT was non-inferior to self-isolation
(attack rate 7-4% in the self-isolation group and 6-1% in
the DCT group). A separate sensitivity analysis that was
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Self-isolation DCT Total

Unadjusted attack ~ Adjusted attack

group group rate (95% Cl) rate (95% Cl)

Number of PCR-positive cases 2364 2330 4694 Group (unadjusted, n=10 410; adjusted, n=10252)
among study participants DCT group 6-3% (56 t0 7-0) 6-3% (56 t0 7-0)
(secondary cases) )

Self-isolation group 7-5% (6-81t0 8-3) 7-5% (6-7to 8-3)
Number of PCR-positive cases 2390 2358 4748 )
among study participants Difference in attack rate -13% (-23t0-0-2)  -12% (-2-3t0-0-2)
(secondary cases) identified in (DCT vs self-isolation
NHSTT groups)
Number of secondary caseswith 1953 1862 3815 Group and household exposure (unadjusted, n=10 410; adjusted,
NHSTT secondary contacts n=10252)
Number of secondary caseswith 1927 1823 3750 DCT group: household 67% (6:0t0 7'5) 67% (5-9to 7:5)
NHSTT household secondary secondary contacts
contacts Self-isolation group: 8.0% (7-2t0 8:9) 8-0% (7-2t0 8-9)
Number of secondary cases with 214 233 447 household secondary
NHSTT non-household contacts
secondary contacts DCT group: non-household  2:9% (1-6 to 4-3) 2:8% (1-4to0 4-1)
Number of secondary contacts 5219 5191 10410 secondary contacts
Number of household secondary 4651 4545 9196 Self-isolation group: 3:5% (1:9to51) 36% (1-9t052)
P — non-household secondary

contacts
Number of non-household 568 646 1214 . .
secondary contacts Difference in attack rate
Number of tertiary cases 393 325 718 DCT vs self-isolation: -13% (2-4t0-0-1)  -13% (-2-4t0-0-1)

household secondary
Number of tertiary cases from 373 306 679 contacts
household contacts
DCT vs self-isolation: -0-6% (27to1:6)  -0-8% (-2-9t0 1-3)
Number of tertiary cases from 20 19 39 non-household
non-household contacts secondary contacts
Number' 9f secondary contacts 22 22 22 Group and vaccination status (unadjusted, n=10372; adjusted,
per participant case (all cases) n=10252)
Number of secondary contacts 27 28 27 DCT group: Oor 1vaccine  6-8% (5-8t07-9) 7:0% (6-0to 8-0)
per participant case (cases with dose
contacts) Self-isolati 0 7-9% (6-8 t0 9-0) 7-9% (6-8t0 9:0)
elf-isolation group: 0 or -9% (6-8 to 9- -9% (6-8t0 9-

Number of household secondary 2.0 19 19 1 vaccine doseg P
contacts per participant case (all .
cases) DCT group: 2 vaccinedoses  5:5% (4-6 to 6-5) 5-4% (4-5t0 6-4)
Number of household secondary 24 25 25 Self-isolation group: 7-0% (5-9to 8-2) 7-0% (5-9to 8-1)

contacts per participant case

(cases with household contacts)

Number of non-household 0-2 03 03
secondary contacts per

participant case (all cases)

Number of non-household 27 2.8 27
secondary contacts per

participant case (cases with non-

household secondary contacts)

Number of tertiary cases per 0-2 01 0-2
NHSTT secondary case

Number of tertiary cases per 0-2 0-1 01
secondary case via household

secondary contact

Number of tertiary cases per 0-01 0-01 0-01

secondary case via non-
household secondary contact

Where a case had multiple records, all were included. DCT=daily contact testing.
NHSTT=NHS Test and Trace.

Table 2: Number of PCR-positive participants (secondary cases), their
contacts (secondary contacts), and number of tertiary cases identified
in NHSTT records

restricted to the first person recruited in the household
(appendix pp 18-19) also indicated that DCT was
non-inferior to self-isolation (adjusted attack rate 7-1% in

2 vaccine doses

Difference in attack rate

DCT vs self-isolation: -1.0% (-2:5t00-5)  -0-9% (-2-4t0 0-6)
0 or 1 vaccine dose
DCT vs self-isolation: -1.5% (-3-0t0-0-01) -1.6% (-3-1to-0-1)

2 vaccine doses

Unadjusted models include named variables (group, group and household exposure,
and group and vaccination status) as covariates. Adjusted versions of these models
were obtained by adding all other covariates from household exposure, vaccine
status, and ability to work from home. Self-isolation was used as a baseline against
which DCT was compared. Model testing for significance of group and household
exposure interaction and group and vaccination status interaction were not
significant (unadjusted model for group and household exposure: p=0-97; adjusted
model for group and household exposure: p=0-81; unadjusted model for group and
vaccination status: p=0-56; adjusted model for group and vaccination status:
p=0-46). DCT=daily contact testing.

Table 3: Attack rates in secondary contacts and differences in attack
rates among secondary contacts

the self-isolation group and 6-3% in the DCT group).
Results of a further sensitivity analysis that combined
both restrictions, considering only the first person
recruited in the household after exclusion of those DCT
participants who had not submitted an LFD result to the
study portal, was also consistent with results of the main
analysis (appendix pp 20-21).
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For DCT participants who worked outside of the home
and did not test LFD-positive or PCR-positive during their
testing period (n=7457), the number of days free from self-
isolation and therefore the number of work days enabled
through DCT were estimated at up to 44089 days (mean of
5-9 days per participant who worked outside of the home
[SD 1-79)). Overall, the number of days free from self-
isolation among DCT participants who reported LFD tests
was estimated as 121115 days (mean of 5-4 days per
participant [SD 1-72]).

Regarding PCR testing uptake and compliance,
66536 valid PCR results with specimen dates 2 days
before recruitment to 14 days after recruitment (to cover
a full incubation period) were obtained from
38080 participants using England’s national laboratory
surveillance system; 17387 (74-0%) of 23500 self-
isolation participants and 20693 (79-2%) of 20693 DCT
participants (table 4). 810 (1-2%) results were void. The
median number of PCR tests taken by participants
during this time period was two for both groups (self-
isolation: IQR 0-2, range 0-9; DCT: IQR 1-2, range 0-8),
with 12061 (68-5%) DCT participants who submitted
an LFD result to the study portal submitting two or
more PCR swabs in the 14 days following recruitment,
as directed by the study protocol. Of 17614 DCT
participants who submitted an LFD result to the study
portal and submitted a PCR swab, 1647 (9-4%) had a
positive PCR result.

31660 (63%) participants responded to the baseline
questionnaire; 17694 in the self-isolation and 13966 in
the DCT group. 69% of all respondents reported
participating in the study as they wanted to avoid self-
isolating if possible (appendix p 23).

20004 (40%) participants responded to the end-of-
study questionnaire (8807 self-isolation-participants,
754 in the DCT positive-test subgroup and 10443 in the
DCT no-positive-test subgroup; table 5). 82% of
individuals in the self-isolation group reported much
less contact with non-household contacts in the previous
7 days compared with the week before, as did 84% of
individuals in the DCT positive-test subgroup. In the
DCT no-positive-test subgroup, 57% reported much less
contact, with 11% of participants reporting having much
or slightly more contact. Participants were asked about
any reasons for leaving home while self-isolating. The
most common response was to take a COVID-19 test
(87% of those who reported a reason in both groups).
The proportion of participants who reported at least one
other activity outside of the home while self-isolating
was similar between the self-isolation group and DCT
positive-test subgroup (16% [n=1409] and 17% [n=128|,
respectively; p=0-80). In the self-isolation group, most
respondents (79%) were very or completely confident in
the accuracy of their test results. This level of confidence
was reported by 64% of participants in the DCT positive-
test subgroup and 83% in the DCT mno-positive-test
subgroup.
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Discussion

As the COVID-19 pandemic continues to have a major
impact on health and society, it is important to make
efforts to reduce transmission. Although self-isolation of
confirmed cases and their contacts can be effective, it is
also disruptive for society and causes adverse impacts for
individuals, given the practical, financial, and psycho-
logical challenges associated with sustained and repeated
self-isolation. Our study was completed before the

Self-isolation group DCT group  Total
Results by test
Negative 23434 36518 59952
Positive 2797 2977 5774
Void 317 493 810
Total 26548 39988 66536
Results by participant
Negative orvoidonly 15023 18363 33386
Positive 2364 2330 4694
Total 17387 20693 38080
Proportion positive 13-6% 113% 12:3%
DCT=daily contact testing.
Table 4: PCR results by test and by participant

Self-isolation DCT positive-test  DCT no-positive- p value*
group (n=8807) subgroup (n=754) test subgroup
(n=10443)

(1) Last 24 h activitiest
Work, college, university 72 (25%) 4 (20%) 2462 (29%) 0-028
Other indoor place 105 (37%) 42 (35%) 3813 (45%) 0-0013
Outdoors with friends or family 72 (25%) 1(17%) 2349 (28%) 0-023
Indoors with friends or family 54 (19%) 9 (7%) 1146 (14%) 0-0050
Any other reason 110 (39%) 67 (55%) 2984 (35%) <0-0001
None of theset 487 (63%) 631 (84%) 2029 (20%) <0-0001
(2) 7 days close contacts during study period
Much more 209 (2%) 9 (1%) 374 (4%) <0-0001
Slightly more 289 (3%) 20 (3%) 742 (7%)
About the same 699 (8%) 67 (9%) 1801 (17%)
Slightly less 415 (5%) 28 (4%) 1563 (15%)
Much less 7180 (82%) 626 (84%) 5946 (57%)
(3) Confidence in test accuracy
Completely 3590 (43%) 255 (40%) 4638 (44%) <0.0001
Very 2997 (36%) 156 (24%) 4025 (39%)
Fairly 1510 (18%) 121 (19%) 1617 (16%)
Not very 180 (2%) 68 (11%) 127 (1%)
Not at all 69 (1%) 44 (7%) 33 (0%)
(4) Activities while self-isolating
Work, college, university 713 (19%) 29 (13%) 0-055
Other indoor place 1264 (33%) 107 (48%) <0-0001
Outdoors with friends or family 918 (24%) 49 (22%) 0-64
Indoors with friends or family 684 (18%) 29 (13%) 0-096
Left home for any other reason 3122 (81%) 168 (76%) 0-088

(Table 5 continues on next page)
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Self-isolation DCT positive-test  DCT no-positive- p value*

group (n=8807) subgroup (n=754) test subgroup
(n=10443)

(Continued from previous page)
(5) Reasons for leaving home when isolatingt
Earn money 74 (2%) 4 (2%) - 0-99
Keep my job 59 (1%) 4(2%) - 0-61
Practical reasons (shopping, 393 (8%) 13 (6%) - 033
caring, etc)
Mental health 668 (14%) 15 (7%) - 0-0054
Other important things 265 (6%) 18 (9%) - 0-100
Probably not infectious 152 (3%) 8 (4%) - 0-79
Didn't leave homet 4099 (47%) 532 (73%) <0-0001
Take a coronavirus test 4084 (87%) 182 (87%) - 1.000

Data completeness for the self-isolation group, the DCT positive-test subgroup, and—for questions (1) to (3)—the
DCT no-positive-test subgroup, respectively, is given for each question, as follows: (1) “Thinking about yesterday,
please tick all the things you did”. Data completeness: 769/8807 (8-7%), 752/754 (99-7%), and 10 431/10 443
(99:9%) provided at least one response for items 1-6. (2) “Compared to the week before, in the last 7 days did you
have more or less close contact with people you don't live with, indoors and for more than 15 minutes?” Data
completeness: 8792 (99-8%), 750 (99-5%), and 10 426 (99-8%) responded to this question. (3) [If yes to: “In the
past 7 days, did you take any tests for coronavirus?”] “How confident are you that your test results were accurate?”
Data completeness: 8346 (94-8%), 644 (85-4%), and 10 440 (100-0%) responded to this question. (4) “Thinking
about the last 7 days, how often have you done each of these things [since getting your first positive test result]?”.
(Note: these were recoded as binary never vs once or more; options were: never, once or twice, three or four times,
five times or more.) Data completeness: 3858 (43-8%) and 221 (29-3%) provided at least one response to items 1-5.
(5) “Did you leave home [following a positive test result or during your self-isolation period] for any of the following

reasons? (Please tick all that apply)”. Data completeness: 8678 (98-5%) and 733 (97-2%) provided at least one
response to items 1-8. Except where noted, percentages are calculated from those who responded to each question.
DCT=daily contact testing. *For items where respondents were asked to tick all responses that applied to them,

p values were calculated for each 2 x 2 comparison. For items where respondents were asked to select a single
response, an overall p value was calculated for that item. tPercentages for responses 1-5 are calculated from those
who reported leaving home; for response 6 (none of these), the proportion is calculated among those who
responded to any of items 1-6. +Percentages for responses 1-6 are calculated from those who reported at least one
reason for leaving home, which includes people who left home to take a coronavirus test (data not presented here);
for response 7 (I didn’t leave home) the proportion is calculated among those who provided at least one reponse to

this question.

Table 5: Final survey behavioural responses, by group
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removal of all social restrictions in England. At the time,
data were needed to develop innovative approaches to
limit selfsisolation to those infected with SARS-CoV-2,
while allowing those without infection to return to
greater normality.*® Although previous studies had
shown that DCT was acceptable to participants,* these
studies were not powered to assess the potential
transmission risk to others.

Here we present results of the first randomised
controlled trial in a general population of close contacts of
COVID-19 cases comparing standard self-isolation with
DCT (with 24 h exemption from self-isolation after a
negative LFD result). By ascertaining the proportion of
contacts of PCR-positive study participants who became
tertiary cases in each group, we demonstrated that DCT
was a safe alternative to self-isolation regarding onwards
transmission of SARS-CoV-2, with a difference in attack
rates of —-1.2% among contacts of secondary cases,
indicating non-inferiority of DCT. Consistent with this
finding, the number of observed tertiary cases per
secondary case was 0-14 in the DCT group and 0-16 in
the self-isolation group. Attack rates among contacts of

DCT participants who had received two vaccine doses
(>14 days before recruitment) also showed non-inferiority
compared with selfisolation participants, with an
adjusted difference between DCT and self-isolation
groups (self-isolation as baseline) of —1-6%. This finding
suggests that DCT would be of value among fully
vaccinated people. Although there was some imbalance
in the study groups due to household clustering, a
sensitivity analysis restricted to the first person recruited
also showed that DCT was non-inferior to self-isolation.
Other sensitivity analyses adjusting for non-reporting
of LFD results supported the plausibility of DCT
non-inferiority.

Although our study did not set out to change behaviour,
individuals in the DCT group who reported only negative
test results did not report significantly more contacts
than those who were self-isolating, with the majority of
contacts reported by participants in both groups being
household contacts. It is possible that DCT might
perform differently in the absence of social restrictions,
when cases are likely to have a higher number of close
contacts beyond the household.

Compliance with testing was high in our study, with
around 80% of DCT participants submitting at least
one LFD result, higher than the 70-2% observed in the
pilot study.* Furthermore, 74.-0% of self-isolation
participants and 79-2% of DCT participants had at least
one PCR test during the study, higher than the 40% return
rate reported in a previous study.”

DCT participants living in more socioeconomically
deprived areas and those from minority ethnic
backgrounds were less likely to report an LFD result,
aligning with previous findings.** The ineligibility of
DCT participants for isolation support payments might
have resulted in lower compliance among participants in
lower socioeconomic groups.* Before introducing any
DCT policy, it will be important to engage with
disadvantaged communities to further understand and
address barriers to testing and reporting.

The average number of close contacts reported was
low (2-7 contacts per case), consistent with the national
experience.” Around 80% of secondary cases (partici-
pants who tested positive by PCR) provided details of
their contacts to NHSTT, which was similar to figures
for overall compliance with the contact tracing
programme.” During the study period, 30-50% of
contacts notified to NHSTT in England were
non-household contacts.” This figure was substantially
higher than the proportion of non-household contacts
reported in the study for both groups (around 12%), with
the number of non-household contacts per case nearly
equivalent between groups. This lower number of
non-household contacts might indicate increased
caution, as described in a qualitative analysis,” or
ascertainment bias towards being early in the isolation
period. Study participants were aware of their contact
status before becoming cases and therefore might have
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had different behaviours to the general case population,
which includes cases who were not previously aware of
their contact status. Although additional freedom was
offered to DCT participants, individuals in the DCT
group were still advised to limit contact and that they
should engage only in essential activities. Behavioural
data suggest that DCT participants limited their contact
with others and remained cautious in their behaviours
despite enjoying additional freedom.” For example,
57% of DCT participants reported having much less
contact with people they did not live with in the last
7 days, compared with the week before, with only 11% of
DCT participants reporting having much or slightly
more contact. By contrast, around 80% of participants in
both the self-isolation group and the DCT positive-test
subgroup reported much less contact with non-
household contacts, with compliance with self-isolation
similar to estimates from a study conducted by the
Office for National Statistics.’

The study was undertaken as part of reallife
management of contacts of COVID-19 cases, providing
evidence of the impact that a DCT policy would have, if
introduced. More than 2 years since the identification
of SARS-CoV-2, the pandemic continues to have a
substantial impact on individuals and society.
Developing public health interventions that mitigate
both viral transmission and the wider impacts on health,
wellbeing, prosperity, and society, including those
arising from self-isolation, is essential. This study
shows the potential benefits of daily testing while
minimising the need for self-isolation.

The legal duty to self-isolate if testing positive for
COVID-19 was removed in England from Feb 24, 2022,%
and widespread public access to free PCR and LFD tests
was removed on April 1, 2022, although free asymp-
tomatic testing remained in place for some settings and
groups until removed on Aug 31, 2022.” Public health
guidance has remained in place during this time”
encouraging those with symptoms or who have tested
positive for COVID-19 using a test they have paid for to
minimise contact with others, stay at home and work
from home if possible, and exercise judgement about
their personal risk and risk to others, particularly
vulnerable individuals. Although testing rates and
adherence to self-isolation substantially reduced in the
weeks following the removal of the legal duty,” a sizeable
minority appear still to be taking steps to reduce the
risks of COVID-19 transmission.”® LFD tests remain a
valuable way that individuals can assess their infection
status, and paid-for LFD tests are widely available.
Although current public health guidance does not
include the recommendation for individuals to test daily,
the data presented in this paper support DCT as a viable
strategy for future pandemic scenarios.

The key strengths of this RCT include its large size,
the real-life setting using existing contact tracing
systems, and validity of the transmission measure due to
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the use of named contacts identified by their exposers.
There are, however, some limitations. We relied on self-
notification of close contacts, which could lead to
underascertainment, particularly of non-household
contacts. These limitations are also limitations of the
existing contact tracing system. Furthermore, it was not
possible to assess the risk of transmission beyond
named close contacts. The attack rates should be
considered minimum estimates because only contacts
who access testing can subsequently be identified as a
case and because, to avoid mismatching, the process to
identify transmission was highly specific. Despite
freedoms allowed, DCT participants were still advised to
minimise contact and national restrictions were in place
at the time of our study, which might have reduced
likelihood of onward transmission. There was a skew in
the DCT group towards individuals who were able to
work from home, which again would limit opportunities
for non-household transmission. Differences in the
number of contacts within workplaces and non-
household settings could not be fully explored in this
work because of national COVID-19 restrictions in place
during the study period. Findings might not be
generalisable to children; however, other work has
investigated DCT in schools.”

The COVID-19 pandemic has accelerated innovation in
infectious diseases diagnostics, with an expansion of self-
testing and high-volume rapid asymptomatic testing with
the aim of reducing transmission. These approaches to
testing could, in future, enable more dynamic monitoring
of transmission patterns. Community engagement and
participation in self-testing has been variable. Therefore,
there is a need to develop rapid evaluation approaches
that are co-produced with communities to ensure effective
testing policies in future pandemics and epidemics.
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