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Plan

* Quantifying epidemiological impact of the NHS
COVID-19 app throughout its first year, and beyond

e Epidemiological insights from the NHS COVID-19 app



Epidemiological toolkit: Hygiene
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Testing =

Quantifying effects of the Vaccines
PHSM toolkit Socia Ventilation

distancing
. . . . ngn . MaSkS
« PHSMs toolkit varies over time: availability, perception L ockdowns
L . Therapeutics
» Relative impacts vary over time Contact
tracing

» Impacts also vary across geographies and demographics
e.g. under 16s

* |Inter-dependence, e.qg.
« Contact tracing triggered by testing

« Success/failure of one can lead to less/more
dependence on another

» They all chip away at reducing harms from the pathogen,
some much more than others, in a time-varying way




Package of Test and Trace interventions on Isle of Wight May 2020
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Quantifying epidemiological impacts of the NHS COVID-19 app

* Direct effect:
* People who are infected are notified and take precautions before “realising” another way
 Indirect effects include:
* Ease of ordering tests (more cases identified, more self-isolation, more contact tracing - of all types - triggered)
* Speed of ordering tests and receiving results (act earlier in the infectious period)
* Access to information on policy etc.
* Behaviour and incentives to avoid pings... quantify?

* Quarantining people who are not infected but would have become infected had they not isolated: a triangular
network effect because the virus is circulating in their close contact network

 “Broader” effects:
e For each case averted, a transmission chain is broken

* The higher the app’s specific impact, the less reliance needed on “less desirable” tools in the toolkit



Launched across England and Wales 24 September 2020
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Wymant & Ferretti, Nature, 2021
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e 284,000 (108,000-450,000) cases averted, estimated by modelling

e 594,000 (317,000-914,000) cases averted, estimated by spatial comparison
(incorporates more of the indirect effects)

 The app helped to reduce cases in Sep-Dec 2020 by 14-24%

 Every 1% increase in users led to a 1-2% reduction in cases



* |Increasingly challenging to quantify
* Privacy-preserving by design
e Spatial assumptions break down
* Confounding with vaccination uptake
* We rely on modelling approaches
e assumptions (with wide ranges)

* sensitivity analyses

Beyond Autumn/Winter 2020

Total cases
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The first year

nature > nature communications > articles > article

(vesterday!)

Article | Open Access | Published: 22 February 2023

Epidemiological impacts of the NHS COVID-19 app in
England and Wales throughout its first year

Michelle Kendall &3, Daphne Tsallis, Chris Wymant, Andrea Di Francia, Yakubu Balogun, Xavier Didelot,

Luca Ferretti & Christophe Fraser

Nature Communications 14, Article number: 858 (2023) \ Cite this article

Metrics

https://www.nature.com/articles/s41467-023-36495-z



https://www.nature.com/articles/s41467-023-36495-z

Uptake and engagement
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Uptake and engagement
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Notifications per positive test: digital and manual contact tracing
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Accuracy of notifications

Not to scale!



Accuracy of notifications

Not to scale!



Not recently

—rolling 7-day
Recently
notified
notified

=—raw

Sep 21
Aug 21
Jul 21

Jun 21
May 21
Apr 21

Mar 21
Feb 21

Jan 21
Dec 20
Nov 20

- O O S O O S S S O O O O O S O e e e e e e e e
- O O N O O O S O S O B N SN S M S S e e e e e .

o Ty o Ty o oOO O o =M o — o o O O o m ™M N —
~ — — rr<tm ™ — o m ™M o~ —

uonesyilou ainsodxa ue pamo||o) uonejndod jeisuab ayl 01 aaie|as dde ayl Aq i

121ym sased pauodal-dde jo abejuadiad Ajleg  pauilou usym aanisod bunsay Jo Ajigeqoad m__m mm_m: d ammh%u_.m_“,__uﬂﬂm mﬂm_vr__%w.__h.h__um”._hw_wﬂwom_:ﬂumww_LuMmm_nvo Alleq

0 © Y

Sep 21
Aug 21

Jul 21

Jun 21
May 21
Apr 21
Mar 21
Feb 21

Jan 21

Dec 20
Nov 20

Ilhl

_ Oct 20

o O WO~ O N <F M N A O 2%5 N N 2m52
Q
—

o
m (N3vdLl) 2An1sod 1521 01 uo ob o

—
< m oym siasn payijou lo abejuadiad Ajieqg
uolleoyijou ainsodxa ue pamol|o) s|enplAlpul 000‘00T 42d sased jo aduapidul Ajleq

yolym sased payuodal-dde Ajleq
© (& ()

5000

000
2000
1000

Accuracy



Quantifying cases averted

e Recall, the number of cases averted uses:

 The number of exposure notifications (affected by engagement, prevalence,
the sensitivity of the app’s risk calculation, and by national contact rates)

* The proportion of those notified who are infected
* The average reduction in infectiousness upon being app-notified

 The fraction of the infectious period that occurs after notification and
before the individual might have ‘realised’ another way

e The counterfactual onward transmission chain



Infectiousness reduction attributable to app notification
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Cumulative cases averted in the app’s first year
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Hospitalisations averted

Cumulative cases, hospitalisations and deaths averted
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Cases averted
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Beyond the first year

Increasingly challenging to quantify:
 Changing meaning of a notification (isolation -> testing -> guidance)

* Increasing interaction with other interventions, e.g. lateral flow devices (quicker to ‘realise’ but
also ~2 days quicker to notify from January 2022)

 End of free testing April 2022: extra leaky pipeline to testing?
e Harder to apply method to “endemic” and overlapping-variant waves

» Self-declaration of positive test results, December 2022



Some national statistics publicly available

https://bdi-pathogens.shinyapps.io/NHS-COVID-19-app-statistics/ using data from https://www.gov.uk/government/publications/nhs-covid-19-app-statistics
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https://bdi-pathogens.shinyapps.io/NHS-COVID-19-app-statistics/
https://stats.app.covid19.nhs.uk/

Plan

* Quantifying epidemiological impact of the NHS
COVID-19 app throughout its first year, and beyond

* Epidemiological insights from the NHS COVID-19 app



Know if you have been Receive updates on the
exposed to coronavirus risk level in your area

Primary purposes -

COVID-19

Protect your

To help the user: R

The official contact tracing
app for England and Wales

e Access information

@

 Check symptoms I
 Book tests T

* Recelve test results
 Reduce chances of becoming infected

* Reduce chances of infecting others



Secondary impact: epidemic insights

 Minimal, anonymised, aggregated but almost real-time data (usually available
within 4 hours)

* Contact rate C(t) = #notifications / (#positives x #users X #keys )
IS the estimated number of contacts a test-positive app user had shortly
before they tested positive (c.f. CoMix, Google mobility etc.)

* Proportion testing positive after exposure notification (TPAEN)
IS a proxy for ‘infectiousness’ of the contact (changes with vaccinations,
variants, policies e.g. outdoor vs indoor, etc.). Available with a 6-day lag.

 R_app(t) := C(t) x TPAEN(t)
the average number of infections per app user before they test positive



Measuring R(t)

 Usually we measure R(t) via its ‘consequences’:
cases / infections / hospitalisations / deaths.
Then calculation from data using e.g. EpiEstim, or calibration to models, etc.

 App data enables us to ‘measure’ R(t) directly, with the limitations:
e subset of the population
e before the index tests positive only

 TPAEN is (under) estimated

 App data is informative about the components of R(t): decomposition into contact
rate and infectiousness



Measuring R(t)
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For more details see https://www.coronavirus-fraser-group.org/blog#2august2021
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Summary

* Quantifying epidemiological impact of the NHS
COVID-19 app throughout its first year, and beyond

* Epidemiological insights from the NHS COVID-19 app
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