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NHS Test and Trace is investigating using daily lateral flow assay (LFA) testing of contacts of a
confirmed case, replacing quarantine for non-household contacts (and potentially also household
contacts). We update work previously done to investigate these questions in November 2020 [1].

Summary

We use a household structured branching process model of infection and contact tracing.

This model best represents a general population DCT policy, akin to the Agile Lighthouse DCT pilot.
The findings are not applicable to workplace or school settings, where contact tracing is not done via
Test and Trace, contact patterns are different and many index cases will be identified via asymptomatic
screening rather than via the symptomatic testing route as we assume here.

Looking at the effects on the growth rate of the simulated epidemics, we compare the status quo policy
(10 days isolation of cases and 10 days quarantine of all contacts) to Daily Contact Testing (‘DCT’)
policies:
o For3,7,10days of DCT
o Across different applications of the DCT policy for household versus non-household
contacts
m Household contacts quarantine only, no daily LFA testing
m Household contacts both quarantine and LFA test daily
m Household contacts LFA test daily and do not quarantine (i.e. the same policy for
household and non-household contacts)
o  With and without waiting for the results to be returned from a ‘confirmatory’ PCR test
before tracing after a positive LFA test is received.
O
We conduct sensitivity analyses to examine:
o Shorter and longer PCR testing delays and tracing delays
o Varying LFA test sensitivity
o Varying testing, isolation and quarantine adherence behaviour

Note: Here, the testing duration starts from the day that a contact is traced. The policy as implemented
will result in some individuals testing for longer than their self-isolation period.



Findings

DCT compared to Status Quo, for different testing durations and household contact policies

Assuming 100% adherence to isolation, quarantine, and daily DCT in all scenarios, DCT
policies could be more effective than the status quo policy for all options considered.
The most effective policy would be to both quarantine and daily LFA test household contacts,
but this is only very marginally more effective with respect to median growth rates, than
guarantine only of household contacts, while non-household contacts DCT and do not
quarantine. This is only if adherence is 100%. (Fig 1)

The importance of testing duration (3, 7 or 10 days) varies by the household contact policy
adopted:

o Household contacts DCT, no quarantine (as for non-household contacts):

m Longer durations of DCT are more effective (Fig 1 A)
o Household contacts DCT AND quarantine:
m Duration of DCT makes little difference (Fig 1 B)
o Household contacts ONLY quarantine, no DCT:
m Duration of DCT makes little difference (Fig 1 C)
These results imply that duration of LFA testing in our model is more important for non-
guarantining household contacts than non-quarantining out-of-household contacts. This
could be due to:

o Longer durations of LFA testing are required to cover the within-household
epidemic (some household contacts might not yet be infected when they start LFA
testing). In our model, reflecting current isolation/quarantine policy, if a second case is
suspected/detected within a household (symptoms or test), the LFA testing duration for
remaining household contacts is not restarted; the original duration remains. (Cases
isolate.)

o Differences in infectious age when tested between household contacts (no tracing delay)
and non-household contacts (tracing delay).

Effects of requiring a confirmatory PCR positive test to initiate contact tracing

For all household contact policies and DCT durations, requiring a confirmatory PCR test to
initiate tracing of contacts from those testing positive on an LFD test reduced
effectiveness (assuming a test taken to results received delay drawn from the same distribution
as for symptomatic PCR testing). (Fig 1)



Figure 1. Comparison of TTI policies and effects of confirmatory PCR tests required to initiate tracing,

assuming 100% adherence:
A. DCT scenarios include daily LFA testing and no quarantine for ALL contacts including
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C. DCT scenarios include daily LFA testing and no quarantine for non-household contacts,
household contacts only quarantine
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Sensitivity analyses: testing and tracing delays, LFA test sensitivity, adherence to LFA testing,
guarantine and isolation and uptake of testing if symptomatic

Parameters having the greatest effects on reducing effectiveness of the DCT strategies
included:

o Lower adherence to quarantine

o Probability of reporting an infection and testing among symptomatic untraced cases

o Uptake of isolation
Testing and tracing delays, within the range examined, had a relatively small effect (increased
delays led to increased growth rate)
We found little effect of varying the LFD test sensitivity by multiplying the curve by a varied
constant. This could be due to the ability of a false negative test to be quickly identified by a
repeat test, particularly given in two of the three examined household contact policies, the
duration of LFA testing was relatively unimportant (ie there are redundant tests). This should be
interpreted with caution as we do not model individual viral load trajectories, so sensitivity each
day is dependent only on infectious age and not correlated within individuals.
Uptake and adherence to LFA testing (uptake at all, propensity to miss tests, daily missed test
probability) showed little effect. This is likely because:

o In the model, symptomatic testing is still operating and traced contacts who develop

symptoms report their infections and test on PCR.

o One missed test could be made up relatively quickly.
This should not be interpreted as indicating that uptake and adherence in DCT schemes will be
unimportant in practice. It is likely in practice that there will be correlations in hon-adherence
across some behaviours (eg reporting symptoms and taking up lateral flow testing), and our
initial sensitivity analysis relies on several assumptions we have not yet had the chance to vary -
further work is required to extend this. For example, those who do not uptake DCT may do so
because they prefer self-isolation, whereas currently in the model uptake of DCT is independent
of uptake of isolation or testing. It would be helpful to consider specific trade-offs, definitions of
uptake/adherence and assumptions to explore further.

Caveats

Our model does not reflect transmission associated with B.1.1.7 or other variants due to uncertainties in
specifying within versus between household transmission and what an unconstrained growth rate would
be. There is no immunity in the model; the population is not finite. We do not model repeat contacts
outside of the household or clustering of outside household contacts. Our findings should not be
considered as predictions but rather are illustrative of the anticipated relative effectiveness of different
strategies and with different specified assumptions.

We do not consider here social and economic harms associated with false positive tests, or changes to
the numbers of individuals required to isolate for different strategies.



Methods

Model structure

We use a household branching process model of infection and contact tracing, used and described
previously [1,2]. The model increments along discrete time-steps of one day, progressing both the
infection transmission and the tracing processes. Each day, nodes make outside and within household
contacts parameterized using the Polymod study[3], stratified by household size, distributed as per the
UK population in 2018. To reflect changes in behaviour and physical distancing policies, we scale the
proportion of outside-household contacts made. The distribution of secondary cases is modeled as an
overdispersed negative binomial distribution (parameters as Table 1, does not reflect B.1.1.7).

We do not model repeat contacts. The model does not reflect any population immunity.

Analyses

We compare the proposed daily LFA testing of contacts policy described above to the status quo policy:
untraced symptomatic individuals report their infection after a symptom reporting delay and a given
proportion (defined by the infection reporting probability) seek a PCR test. They then test with a
sensitivity modelled as a function of infectious age. Contact tracing is modelled with a set of testing
delays, tracing delays and a tracing success probability informed by, but not formally fit to, the tracing
delay distribution of non-household contacts and the testing delay distribution as routinely collected and
reported by Test and Trace since the post holiday period (post Jan 8 2021). Self-isolation of self-
reported cases lasts 10 days from symptom onset and contacts of a case quarantine for 10 days either
from symptom onset of the first household case for within-household contacts, or 10 days post-infection
date, assumed to be last exposure, for contacts of non-household cases.

We simulate 2000 epidemics for each lateral flow testing duration and the status quo policy, running
simulations for 40 days from 500 starting infections. We use log linear regression to estimate the
growth rate of the epidemics between days 10 and 40.

Testing and tracing process

In the status quo policy, when an individual tests positive through a PCR test, they list contacts that
occurred 2 days prior to symptom onset and 7 days post symptom onset. With the new LFA tests,
these criteria do not necessarily make sense. Some individuals will test positive prior to symptom onset,
and asymptomatics who do not have a symptom onset will also test positive.

Unless specifically varied for sensitivity analysis, we use Test and Trace’s policy that contacts will be
traced back 2 days prior to a positive lateral flow test, including when that tracing is delayed by a
confirmatory PCR test (assuming individuals isolate in the interim).

We also examine the effect of varying this between 1 and 7 days prior to the positive LFA test result,
but find little difference (Fig 2).



Figure 2: Effect of varying the number of days prior to testing positive on an LFA test that
contacts are traced
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Lateral flow testing durations commence from the time that a contact is traced (not from the time
at which they were last exposed to a case as quarantine is defined). We do not assume a postage
delay in these analyses.

Test route and sensitivity

We assume that all untraced symptomatic cases who report their symptoms test using PCR. For traced
cases who are currently undergoing LFA testing, we vary whether or not they will book a PCR if they
develop symptoms - the rationale behind this is that false negative lateral flow assay tests may deter
symptomatic cases from booking a test. We do not assume any asymptomatic testing in the model
other than of contacts (i.e. all index cases in chains are symptomatic). We assume that if traced
individuals develop symptoms, and are not currently being lateral flow tested, then they always book a
PCR - the rationale being that they should be on the lookout for symptoms since they know they have
been exposed.

We model PCR test sensitivity and LFA test sensitivity as functions of time since infection. We model
these based on studies of healthcare workers and previous assessments of LFA test sensitivity [4, 5],
Figure 3.

We vary the sensitivity of the LFA test using a constant multiplier (Table 2 below).

We do not model individual viral trajectories, which would require scaling of both test sensitivity and
infectivity, and the exact relationship between viral load and infectiousness is currently not known.



Figure 3: PCR and LFA test sensitivity based on MCMC samples as a function of time since
infection
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Parameters

Models are parameterised as Table 1.

We have not formally fit specific testing and tracing distributions but have chosen distributions that
reflect recent performance via examination of the Test and Trace data for simulations where these are
not parameters that are varied (note for tracing delays we are interested only in non-household

contacts).

Table 1: Unvarying parameter values

Parameter Values

Growth Rate (pre-interventions or | 0.22 per day (doubling time around 3 days) [6]
contact reductions)

Incubation period Gamma (shape=3.019, scale=1.6 days) [7]

Generation time Weibull (mean=5, var=1.92 days) [8]




Household Size Distribution

(1: 0.29, 2: 0.35, 3: 0.15, 4: 0.14, 5: 0.05, 6: 0.02)

Household secondary attack rate

25% [9,10]

asymptomatics

Overdispersion of secondary 0.32
cases distribution

Proportion asymptomatic 0.2 [11]
Relative infectivity of 0.35[11]

Number of social contacts per
day

Polymod (within and outside household proportions,
by household size) [3]

Reduction in global contacts per
day due to physical distancing

60%

Onset to isolation and PCR test
booking among untraced
symptomatic individuals

Gamma (mean = 2.62, sd = 2.38) [7, data from
Singapore]

Table 2: Parameters values that are varied

1.2 days (consistent with non-
household contacts as
reported by Test and Trace in
mid January 2021)

Parameter Default Value Range varied for sensitivity
analyses

PCR testing delay (test to Specimen to report delay, Poisson, Mean 0.8 - 2.5 days

result and tracing) Poisson distribution, mean

Contact tracing delay Exponential distribution mean | Exponential, Mean 0.8 - 2.5
1.2 days (consistent with non- | days

household contacts as
reported by Test and Trace in
mid January 2021)




Probability of successfully
tracing a contact

0.7 (consistent with non-
household contacts as
reported by Test and Trace in
mid January 2021)

Uniform, 0.5-0.9

Probability that an untraced
symptomatic infected
individual reports their
symptoms and seeks a test

0.25 (consistent with surveys
about testing behaviour [12,
13])

Uniform, 0.2 - 0.3

Probability that individuals
take up 10 days self-isolation
and 10 days quarantine in the
status quo policy model.*

Uniform, 0.6 - 1

Probability that individuals
take up LFA testing under
DCT policies.

Uniform, 0.6 - 1

Propensity for imperfectly
adhering to quarantine

And given this propensity, the
reduction in global contacts
during the period of
isolation/quarantine

NA

Uniform, 0 - 0.5

Uniform, 0.4 - 0.6

Propensity for missing a day
of LFA testing

And given this propensity, the
daily probability of missing an
LFA test each day*

NA

Uniform, 0 - 0.5

Uniform, 0.5-1

LFA test sensitivity multiplier

Constant across the
sensitivity curve, 0.8 - 1.1.

This corresponds to peak
sensitivity of 52% to 72%.

*If nodes who are DCT are not also isolating, it is assumed that when they miss an LFA test they are NOT
isolating. This is intended to represent error/non-adherence, not a missed test by design (eg weekend break) nor
a logistical issue for which individuals could be instructed to isolate.
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