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UK COVID-19 INQUIRY

WITNESS STATEMENT OF DR ELIZABETH FEARON

|, Dr Elizabeth Fearon, will say as follows: -

INTRODUCTION

1. | am currently employed as an Associate Professor of Infectious Disease
Epidemiology at the Institute for Global Health at University College London.
During the time period 1 January 2020 — 28 June 2022, | was:

a. Employed as an Assistant Professor at the London School of Hygiene
and Tropical Medicine (until Dec 31 2022).

b. On maternity leave (covering the period 01 Jan 2020 - Feb 2020).

c. A \Visiting Research Fellow at the University of Manchester Department
of Mathematics (Feb 2020 - Aug 2021).

d. Project Lead for An analytical framework for test, trace, isolate in the UK,
a UKRI-funded COVID-19 rapid response research project, Sept 1 2020
- Aug 31 2021.
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BACKGROUND

2. | obtained my PhD in Epidemiology from the London School of Hygiene and
Tropical Medicine in 2014, which focused on social epidemiology of HIV in
Southern Africa and social network influences on health. | worked in HIV
epidemiology, surveillance and intervention evaluation research until 2018 as
a Research Fellow and then Assistant Professor at LSHTM, with a focus on
marginalised populations and methodologically on networks. | began a Medical
Research Council Skills Development Fellowship in network modelling in 2018.
| paused this fellowship to respond to the COVID-19 pandemic in Sept 2020,

working on Test Trace Isolation (TTl), which is a network-based intervention.

3. Publications | have contributed to or led on in relation to Test, Trace and Isolate

are in Annex 1.

Test, Trace and Isolation

4. My involvement with providing scientific advice in relation to COVID-19 began
in March 2020 assisting SPI-M member colleagues at the University of
Manchester, where | had recently begun a research visit. | began working with
colleagues on further developing a mathematical model with which to explore
TTI strategies in April 2020.

5. The meetings | attended in relation to presenting scientific evidence about test,
trace and isolate strategies, including SPI-M-O and SAGE mesetings, are listed
as part of my previous submission to the Inquiry (EF1/1- INQ000056401) and
(EF1/2 - INQ000056402).
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TTi Purpose

6. The purpose of TTI for control of COVID-19 was broadly to identify people who
were infectious (‘test’) and facilitate them being isolated away from others to
whom they might pass infection (‘isolate’). Further, it sought to identify these
people with whom the infected person had had contact (‘trace’), who might
therefore have acquired the infection themselves. If these individuals could be
reached and facilitated to quarantine before they became infectious then the
transmission chain could be halted. | use ‘quarantine’ to refer to actions to
prevent social contact among contacts of someone who has tested positive,

and ‘isolation’ for those who have actually tested positive.

7. While lockdowns/closures/blanket social contact restrictions aim to control
transmission by limiting contact across the population as a whole, and therefore
also preventing contact between people who are not infected/infectious, TTl is
a more targeted intervention in that it aims to prevent contacts only between

susceptible and infectious individuals.

8. TTl is a complex intervention with multiple components. Different variations of
TTI, and combinations of its components were used in response to the COVID-
19 pandemic in the UK. These include a list given in Littlecott et al 2023 (EF1/3
- INQ000563596).

TTI Effectiveness

9. Various factors determine the effectiveness of TTI interventions across
characteristics of the pathogen, characteristics of the population or setting in
which transmission is occurring, implementation and resourcing of the
intervention, combination with other control interventions, and the extent to
which the population is enabled and supported to engage with policies. These

include:

INQO00587509_0003



a. Timelines of infection: The period of time during which an individual with
an infection can pass on the infection to others is known as their
‘infectious period’ and this is not generally the same as the total time in
which they have an infection or are experiencing disease. The period of
time between an individual becoming infected and becoming infectious
themselves is called the latent period. The period of time between
becoming infected and developing symptoms is known as the incubation
period. The length and overlaps of these periods affects how difficult it
is to control infections in the population using TTl. For symptomatic
testing, testing takes place only once a case develops and recognises
symptoms and accesses a test. The timeframe in which effective contact
tracing must occur lies between time of test return of the original case
and the interview to determine their contacts, and the time at which
these contacts become infectious, if they have become infected.
Effectiveness is more difficult to achieve when the latent period is short
and when symptoms/case identification occurs after infectiousness

begins.

b. Pre-symptomatic and asymptomatic transmission - if individuals are
infectious before they are aware of it (their infectious period begins
before symptoms, or symptoms do not appear or are very mild) then they
will not be aware to take (timely) actions to prevent passing their

infection to others, including engaging in TTI interventions.

c. Specificity of symptoms: if symptoms of an infection are generic to many
different infections, then it is more difficult to identify cases of the disease
of concern. The symptom criteria for testing risks being so broad as to
include many people with different infections, increasing testing demand
and burden, or too narrow so as to exclude some who might truly have

the infection of concem.
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d. Characteristics of contact networks, (average number of contacts but
also heterogeneity of contact numbers across the population): If on
average the population among whom transmission is occurring have
many contacts of short periods, then tracing will be more challenging

and time-consuming.

e. Extent to which the TTI intervention is tailored to the needs of diverse
populations, and people are supported and enabled to engage fully with
the intervention at each stage: TTI will not be effective if people do not

or cannot take up testing, tracing and adhere to isolation/quarantine.

f. Extent to which infrastructure and systems are in place for rapid
response, data sharing, surge capacity: when an epidemic is growing
exponentially it can be difficult to keep on top of rapidly growing number

of cases and even more rapidly growing number of contacts to trace.

TTI Government Decision-Makers

10.1 had no direct contact with government decision-makers during this time
period. The only indication | had as to what government decision-makers were
considering at any given time was through the questions we were being asked

to look at. This was communicated via the SPI-M-O secretariat.

TTI Commissions

11.Along with colleagues at the University of Manchester, | began responding to
SPI-M-O commissions on the effectiveness of TTl in reducing transmission as
lockdown restrictions relaxed in May 2020, and explored a range of TT| design

choices through summer 2020, which are mostly documented in Fyles and

INQO00587509_0005



Fearon et al 2021 (EF1/4 - INQ000563590) (later written up for academic

publication, in Annex).

12.We joined other academic epidemiological and modelling colleagues at the
University of Oxford also working on TTI| effectiveness and design and
partnered with a behavioural scientist, Lucy Yardley, Co-Chair of SPI-B at the
University of Bristol and a clinician scientist with experience in contact tracing
at the Liverpool School of Tropical Medicine, Tom Wingfield, to successfully
apply for a UKRI/NIHR COVID-19 rapid response 12 month project. This
project was called: An analytical framework for Test, Trace and Isolate in the
UK: optimising and targeting deployment alongside other measures. The
project aimed to inform TTI design and its use alongside other epidemic control
measures, such as contact reduction interventions. We primarily used
mathematical modelling to assess different TT| design choices (e.g. length of
quarantine, use and duration of daily contact testing in lieu of quarantine) and
their likely effectiveness in controlling transmission, with input into model
specification and interpretation from our interdisciplinary project team. We used
the growing evidence base about SARS-CoV-2 and real-time data about
transmission, behaviour and contact tracing, where available, to inform the
models. The primary aim of the project was to be responsive to questions
posed of us, which mostly came via SPI-M-O. We also initiated some topics
through our own assessment of what questions were also important, or

anticipated those that might become so, as the epidemic progressed.

13.We used two mathematical models of SARS-CoV-2 transmission and TT]I

implementation in 2020 and early 2021:

a. A ‘household structured branching process model. a model of
generations of cases where within-household and between-household
transmission are modelled separately, fit to an epidemic growth rate and

observed household secondary attack rate (i.e. what % of household
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members acquire infection from a first household member acquiring
infection). The generations of cases form a tree-like network over which
we simulated a TTI process. We modelled the TTI process to represent
how most TTI| was implemented among the general public in England
by NHS Test and Trace (not reflecting specific settings such as schools
or hospitals) and investigated proposed variations alongside sets of
assumptions, such as percentage uptake, or given a particular
distribution of delays. This model is described further in Fyles and
Fearon et al 2021 (EF1/4 - INQ000563590) and the code for the model
is publicly available here: (as of 24/01/2025) (EF1/5 - INQ000563591).

b. An individual-level branching process model: model of generations of
cases without differentiating household and non-household members.
This model also represented SARS-CoV-2 transmission and TTI policies
and was used, among other things, to explore potential trade-offs
between duration of quarantine and uptake of testing. This model is
described further in Davis et al 2021 (EF1/6 - INQ000563594): and the
model code is available here: (EF1/7 - INQ000563589).

14.We later adapted an existing, more complex model (‘Covasim’, Kerr et al 2021)
(EF1/8 - INQ000563597) of contact networks to explore questions over Spring-
Autumn 2021. This model simulates a whole population (i.e. not only
generations of cases like the branching process models) which enabled us to
better reflect the epidemic phase at the time, including the presence of
immunity from vaccination and previous infection in the population. The code
for our model adaptations is available at (EF1/9 - INQ000563600) and (as of
25/01/2025) (EF1/10 - INQ000563601).

15.The list of TTI topics that we examined over 2020-2021 can be found via the

titles of documents contributed to SPI-M-O over this time period.
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16.As an overview, in the autumn and winter of 2020 we examined:

. the potential effectiveness of out-of-household isolation of identified
cases and contacts to prevent transmission to vulnerable individuals

within households.

. consequences of exceeding testing capacity on TTI effectiveness.

. potential trade-offs between reducing the length of contact
quarantine and whether this would result in an improvement in the
percentage of those with symptoms taking up testing.

. effect on epidemic growth if contacts of cases take daily rapid antigen
tests (isolating if positive) instead of/in addition to quarantining at

home (‘Daily Contact Testing’).

. assessing the effect of quarantine and testing strategies on potential

transmission from travellers returning to households from abroad.

assessment of the diversity of COVID-19 symptom phenotypes and

the potential implications for TTI effectiveness.

17.In the summer and autumn of 2021 we considered the effectiveness of repeat

asymptomatic testing and costs in relation to days spent in isolation, on top of

a symptomatic testing and contact tracing policy. This work is described in Silva
et al 2023, (reported at SPI-M-O prior to academic publication) (EF1/11 -

INQ000562944).

18. Our project primarily sought to provide evidence about TTI via SPI-M-O reports,

presentations and discussions. In a few cases, | and members of my research

project met directly with government employees:
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a. Members of our research project and | had a conversation with the Joint
Biosecurity Centre (JBC) and NHS Test and Trace modellers to

informally discuss approaches to modelling TTI in January 2021.

b. Feb 2021: | met with the ONS to make recommendations about what to
ask the public about their engagement with TTI in preparation for one of

their surveys.

c. May 2021: members of our research project and | met twice with a
modeller from NHS Test and Trace to discuss and informally peer-review

a model that they were using internally to inform TTI policy.

d. Spring 2021: | was part of a group from SPI-M-O who commented on
the DCMS Events research programme study design and attended a

meeting with them on this topic. (I was not involved in this further.)

e. Sept 2021: | contributed to a document about reducing the likelihood of
a high burden epidemic wave over winter 21/22 (EF1/12 -
INQ000563602).

f. Dec 2021: Colleagues and | provided comments to the Department for
Transport on a model they were using to investigate the effect of testing
strategies in reducing the likelihood that people arriving from overseas

with infection went on to pass the infection further.

TTIl intervention purpose and technology choice

19.Different testing technologies were available or became available in the UK
during the pandemic for SARS-CoV-2. Here | discuss PCR and Lateral Flow
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Devices (rapid antigen tests) as these were the most commonly employed. |

did not work on antibody testing.

a. Polymerase Chain Reaction (PCR) tests: a sample is taken using a
nasopharyngeal swab and sent to a laboratory for testing for viral RNA
using amplification, and therefore capable of detecting relatively low
levels of virus. PCR testing was used for symptomatic testing among
the general public through NHS Test and Trace after May 2020, and in
some cases, such as large hospitals or universities, on-site for
staff/patient testing programmes. Because samples must be sent to a
lab for processing, there is a delay between when the test is taken and
when results are obtained and communicated. During the COVID-19
pandemic in the UK, this delay varied but tended to be around 1-3 days
in England (higher in times of high demand) (EF1/13 - INQ000563599).
These delays, in addition to time between the onset symptoms and
taking the test and tracing delays, could negatively affect the
effectiveness of TTI on reducing transmission, because cases and
contacts isolate/quarantine themselves later into their infectious

periods, thus preventing less transmission.

b. Lateral flow devices (LFDs) detect viral antigen. These tests could be
packaged into small inexpensive devices and do not require laboratory
analysis. After taking a sample through a nasal and/or throat swab,
LFDs could be used by lay people to obtain a result within 15-30
minutes, depending on the brand. Their relative cheapness and speed
of result enabled their mass distribution and use of repeated testing
regimes over time, thus making asymptomatic testing more feasible in
comparison to relying only on PCR testing and associated lab

infrastructure.

10
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20.1t is important when considering the pros and cons of different testing
technologies to consider their purpose. Tests can be used primarily to identify
a correct infection diagnosis, which will inform treatment or clinical
management. Tests can also be used in a variety of contexts as part of
interventions to reduce transmission of the infection through the population.
There are more specific applications within these two major categories but this
is a useful distinction. Different uses of tests favour different characteristics: for
instance, a test to inform treatment management might require especially high
sensitivity but might not need to be operated by people without professional
experience if being conducted in a healthcare setting. A test to prevent
transmission might be valued highly for speed of result, particularly when the
time window for effective isolation of the cases and notification and quarantine

of their contacts, is narrow.

21.Testing can also be used to reduce the burden of an intervention while
maintaining efficacy on transmission reduction. For example, asking contacts
of a case to take a rapid test every day for a set period during which they are
most likely to test positive if infectious and asking only those testing positive to
isolate, could reduce the burden of TTI throughout the population via removing
the requirement to quarantine (Daily Contact Testing, DCT). Using modelling,
we found that a DCT policy was not inferior to asking all contacts to quarantine
(modelling with different assumptions as described in SPI-M-O Consensus
Statement March 2021) (EF1/14 - INQ000563588), as did other modelling
investigations and a subsequent empirical trial (EF1/8 - INQ000563597).

22.The effectiveness of a testing programme is contingent on uptake of the action
that testing is intended to prompt. If individuals testing positive are not enabled
and supported to take up isolation and adhere over time, then the testing alone
will not be effective. If the testing programme intends individuals to only attend
an event if testing negative within a given time period, for instance, the

effectiveness of the policy is contingent on behaviour after the test.

11
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Viral Kinetics and Test Sensitivity Dynamics

23.From the time of infection with SARS-CoV-2, viral load rises rapidly but is too
low to be detected for a few days, then rises to an infectious level a day or two
prior to symptom onset, peaks and remains high for several days until a more
gradual drop, Figure 1, with a total infectious period of around 10-12 days.
Trajectories of viral load, including maximum levels, vary across individuals but

this is the average pattern.

24.Both PCR and LFD sensitivity is higher when viral load is higher, but their
thresholds for detection are different, FIGURE 1. LFD’s have a higher threshold
for detection than do PCR tests; PCR can detect infection at a lower level of
viral load. This means that there is a short period of around one day or so early
in infection when an individual with the virus might test positive on a PCR test
but not an LFD. How much of an advantage this was for epidemic control
depended on the test results turnaround time, which was generally longer than
24 hours when the sample was sent to a laboratory. People with infection will
also test positive for longer on PCR than on LFD, as their viral load drops again

from its peak and past the time period when they are most infectious.

25.Viral load is proportional to infectiousness; people are more infectious, given
contact patterns, when their viral load is higher. If the intention of a test is to
identify individuals who are infected and infectious, rather than only infected,
then a higher viral load threshold of detection could be acceptable. There
remains concern particularly about early infection when someone might test
negative but soon become infectious. This risk can be reduced by repeat
testing regimes, and by testing as soon as possible prior to having contact with

others, e.g. attending an event.

12

INQO00587509_0012
















































