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Report 16: Role of testing in COIVD-19 control

Nicholas C Grassly-Marga Pons- Salort, Edward PK Parker Peter J White, Kylie Ainslie, Marc Baguelin, Sangeeta
Bhatia, Samir Bhatt, Isobel Blake, Adhiratha Boonyasiri, Olivia Boyd, Nick Brazeau, Lorenzo Cattarino, Giovanni
Charles, Constanze Ciavarella, Laura V Cooper, Helen Coupland, Zulma Cucunuba, Gina Cuomo- Dannenburg,
Amy Dighe, Bimandra Djaafara, Christl Donnelly, llaria Dorigatti, Jeff Eaton, Sabine Lvan Elsland, Fabricia Ferreira
Do Nascimento, Richard Fitzlohn, Seth Flaxman, Keith Fraser, Han Fu, Katy Gaythorpe, Lily Geidelberg, Azra
Ghani, Will Green, Timothy Hallett, Arran Hamlet, Katharina Hauck, David Haw, Sarah Hayes, Wes Hinsley,
Natsuko Imai, Ben Jeffrey, David Jorgensen, Edward Knock, Daniel Laydon, John Lees, Tara Mangal, Thomas
Mellan, Swapnil Mishra, Andria Mousa, Gemma Nedjati-Gilani, Pierre Nouvellet, Lucy Okell, Daniela Olivera,
Alison Ower, Kris VV Parag, Michael Pickles, Manon Ragonnet-Cronin, Steven Riley, Igor Siveroni, Isaac Stopard,
Hayley A Thompson, H. Juliette T Unwin, Robert Verity, Michaela Vollmer, Erik Volz, Patrick Walker, Caroline
Walters, Haowei Wang, Yuanrong Wang, Oliver J] Watson, Charles Whittaker, Lilith Whittles, Peter Winskill,
Xiaoyue Xi, Neil Ferguson

WHO Collaborating Centre for Infectious Disease Modelling

MRC Centre for Global Infectious Disease Analysis

Abdul Latif Jameel Institute for Disease and Emergency Analytlcs (J)-IDEA)
Imperial College London

Vaccine Centre, London School of Hygiene and Tropical Medicine, UK

Correspondence: n.grassly@imperial.ac.uk

Summary

The World Health Organization has called for increased molecular testing in response to the COVID-
19 pandemic, but different countries have taken very different approaches. We used a simple
mathematical model to investigate the potential effectiveness of alternative testing strategies for
COVID-19 control, Weekly screening of healthcare workers (HCWs) and other at-risk grbups using PCR
. or point-of-care tests f
to transmission by 25-33%
Widespread PCR testli
tracing and quarantine based on symptoms alone, but could allow earlier release of contacts from

infection irrespective of symptoms is estimated to reduce their contribution
on top of reductions achieved by self-isolation following symptoms.
in the general population is unlikely to limit transmission more than contact-

quarantine. Immunity passports based on tests for antibody or infection could support return to work
but face significant technical, legal and ethical challenges. Testing is essential for pandemic
surveillance but its direct contribution to the prevention of transmission is likely to be limited to
patients, HCWs and other high-risk groups.

SUGGESTED CITATION
Nicholas C Grassly, Marga Pons-Salort, Edward PK Parker, Peter | White ef al. Role of testing in COIVD-19 control.
Imperial College London (23-04-2020), doi: https://dci.org/10.25561/78439.

@ This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
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Effectiveness of isolation, testing, contact tracing, and
physical distancing on reducing transmission of SARS-CoV-2

@ ®

CrossMark

in different settings: a mathematical modelling study

Adam J Kucharski, Petra Klepac, Andrew | K Conlan, Stephen M Kissler, Maria L Tang, Hannah Fry, Julia R Gog, W John Edmunds, on behalf of the m

3

CMMID COVID-19 working group

Summary

Background The isolation of symptomatic cases and tracing of contacts has been used as an early COVID-19  Lancetinfect Dis 2020;
containment measure in many countries, with additional physical distancing measures also introduced as outbreaks 20:1151-60
have grown. To maintain control of infection while also reducing disruption to populations, there is a need to  Published Online

understand what combination of measures—including novel digital tracing approaches and less intensive physical
distancing—might be required to reduce transmission. We aimed to estimate the reduction in transmission under

June16, 2020
https://doi.org/10.1016/
51473-3099(20)30457-6

different control measures across settings and how many contacts would be quarantined per day in different strategies ¢ 0 o page 1105

for a given level of symptomatic case incidence.

Centre for Mathematical
" Modelling of Infectious

Methods For this mathematical modelling study, we used a model of individual-level transmission stratified by setting ~ Diseases, London Schaal of

(household, work, school, or other) based on BBC Pandemic data from 40162 UK participants. We simulated the
effect of a range of different testing, isolation, tracing, and physical distancing scenarios. Under optimistic but

Hygiene & Tropical Medicine,
London, UK (A ] Kucharski PhD,
P Klepac PhD, W) Edmunds PhD);

plausible assumptions, we estimated reduction in the effective reproduction number and the number of contacts that  pepartment of Applied

would be newly quarantined each day under different strategies.

Findings We estimated that combined isolation and tracing strategies would reduce transmission more than mass

Mathematics and Theoretical
Physics (P Klepac,

M LTang MMath, ) R Gog PhD)
and Department of Veterinary

testing or self-isolation alone: mean transmission reduction of 2% for mass random testing of 5% of the population  medicine () K Conlan ph),
each week, 29% for self-isolation alone of symptomatic cases Within-the Tiousehold, 35% for selfisolation alone —DMversity of Cambridge,

I ¢ household, 37% for self-isolation plus household quarantine, 64% for selfisolation and household
quarantine with the addition of manual contact tracing of all contacts, 57% with the addition of manual tracing of

Cambridge, UK; Department of
Immunology and Infectious
Diseases, Harvard T H Chan

acquaintances only, and 47% with the addition of app-based tracing only. If limits were placed on gatherings school of Public Health,
outside of home, school, or work, then manual contact tracing of acquaintances alone could have an effect on Boston, MA, Ush

transmission reduction‘similar to that of detailed contact tracing, In a scenario where 1000 new symptomatic cases

(S M Kissler PhD); and Centre for
Advanced Spatial Analysis,

that met the definition to trigger contact tracing occurred per day, we estimated that, in most contact tracing  yqiemity college London,

strategies, 15000-41000 contacis would be newly quarantined each day.

London, UK (H Fry PhD)

Correspondence to:

Interpretation Consistent with previous modelling studies and country-specific COVID-19 responses to date, our DrAdam] Kucharski, Centre for

analysis estimated that a high proportion of cases would need to self-isolate and a high proportion of their contacts to
be successfully traced to ensure an effective reproduction number lower than 1 in the absence of other measures. If

Mathematical Modelling of
Infectious Diseases, London
School of Hygiene &Tropical

combined with moderate physical distancing measures, self-isolation and contact tracing would be more likely to  medicine, London WCLE7HT, UK

achieve control of severe acute respiratory syndrome coronavirus 2 transmission.

adam.kucharski@lshtm.ac.uk

Funding Wellcome Trust, UK Engineering and Physical Sciences Research Council, European Commission, Royal

Society, Medical Research Council.

Copyright @ 2020 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY 4.0 license.

Introduction

Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) spread rapidly across multiple countries
in early 2020.” A staple public health control measure
for outbreaks of emerging, directly transmitted infections
involves the isolation of symptomatic cases as well as the
tracing, testing, and quarantine of their contacts.* The
effectiveness of this measure in containing new
outbreaks depends on both the transmission dynamics
of the infection and the proportion of transmission that
occurs from infections without symptoms.! Evidence

www.thelancet.comfinfection Vol 20 Octoher 2020

AM2E12 820 RBEEEHHEER

exists that SARS-CoV-2 has a reproduction number (R) of
about 2-3 in the early stages of an outbreak,'* and many
infections can occur without symptoms,® which means
isolation of symptomatic cases and contact tracing alone
are unlikely to contain an outbreak unless a high
proportion of cases are isolated and contacts successfully
traced and quarantined.”

Several countries have used combinations of non-
pharmaceutical interventions to reduce SARS-CoV-2
transmission.*® As well as isolating symptomatic indi-
viduals and tracing and quarantining their contacts,

1151
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/ Grassly N. C. et al. “Comparison of Molecular Testing Strategies for COVID-19 Control: A Mathematical
' Modelling Study” 7 v v 15§, 2020 4 8 A 20 H (3= Y — o HAZER)

o HE:FHlowrvA4Azmke LTl bW B OGMEC W THEBET AV ERWT
HHEH
o FiniER:
1. EREZE T2 ToAPRER A IR EiE L 7256 BITHAEEBRIT47% T 5,
2. 1z T, ~4 V)R 7H (i - BEEMAERE O HITH L, FEROF I BifR7 < @8 PCR
WA (24 B CHRERSRSHBAT 2 LIE) £1TH &, N - EEEEAICL 3BT 0F
i3 511 23% T 255,
3. lighna<, EMEEHREZMZ 2L, RIZEHIC26% T8 5,
e i o v ANARINEKICED 2R - REOKRENIEELDY, B—ONKOATR %
1L (R 2 ki) ikt i,

Kucharski AJ, Klepac P, Conlan AJK, et al. “Effectiveness of isolation, testing, contact tracing, and physical

distancing on reducing transmission of SARS-CoV-2 in different settings: a mathematical modelling study”
Fvey Mg 2020410 H (3~ Y — 0 HEFER)

e HM:ER3BETIcHIaHMlant v AN ABYYEDOBYE oW, BRs R i\,
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o ThFER:
o HCKHE & #iEFIE (contact tracing) Z#lAaGbE s L, KEELMECH RO
ABOGEL Y R EWML T ENTE S,
v FEERICRENTHCRRMT 5 & R2529% T 285,
v KENTHCRHEET S L. 35% F 25,
(D ANA®D 5%IC 7 v X LcBERELIT. BEFEZRE X €256, RO 2%T
/BB,
v T oEME oBERE T I 2 < B CRREEEE RIENRHE (household quarantine)
#45E, RPB64% T3,
v HADLOBIFRECIZ T, HEREE: RENFTFHRE T2, RPE57% T2 5,
v T70ickaEMciNA T, BEMRAEL RIENTHET 5L, RB4T% T2 5
Fha oK H e WIBS. BCRREE L B N EEERERTIC LIk oT, R 21
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gt b BAE G EE I 1 B IRGR

(B

SM2412 820 REREEHHERES UEREE RER RHAN s



TR
HEFRE BET ETIET EEEFEYER HIHII FTIHS

S @(REEC PORIEY - FUEHOLT % 2 P8y

“»

(0Z0z ‘sisAjpuy 2spasi SNOLO8JY|

[0QOIS 104 184U DIW |0 18 N AlsSRID) °S@\(SHEC\1 2 Y\ RIHIF8 [0 6 SH g ) | T raiee > cEI US> 2 BEESWE RS g
NAEREY > T ESO— "6 SEULCSTRREROYEEEE "PISHACLBZEHET DB EBS NS ISHOBEROERENEE

(02T "sIA "Ju| $82UDT ‘| 4 [V BiSIDUDNY) S @(EREC 2 ERE SRR I WUl EETH
KX "SNP AUNBEYZERL L ZEEEE 2% S OOY ‘NE2)IOS AR L M%0EHZEETHIESD M2S 6T < B2 KT

°\1
ﬁﬁ%ﬁ@b?iﬂgkhﬂmﬁwn% mmmul,nﬂﬁﬁﬁ_mﬁulgaﬁmwm%éym |
oSﬁUlQﬁﬁE mﬁwbﬂﬁwwﬂsﬁ,@wﬁ%, Séﬁﬁwﬁmm%@%m\/mﬂ E\J

EMERC\1? SR FZR) 2 HHO2NNEVEZOREEED 2T L wimw\

° 3l 2 2\ NHWIHFE [0 S\ ) 1)
GBIV CLERHOZ2 "SEA L FHZ - SCYERR VLI BUSCRIZTL o

S UYWIABLC NP NAGN > N TZRYRET o

°S b JTLBAEREIN. Q%JUJQNQ
8D TR R "N 2N S HIZ BRER Y &N D NEBEEHZ2 2GS\ D e e

HSVIDLUSXE2N AN KORMESY

AL QN NRE
SE\NHhI == E S 8, | B
AR NV 4
HEGT [(EROLY Y AR THOBRLBST MNINE) Wl - ¥ LTRSS MK_A m“: Q @
=

ERSIHOHENIEER YV 4 Lo cTREECT ¥ H6EZ H Ol 52 ke




i
HERS HET STUET SEEELTIWEY HIH ) Home

R PIZ2SONEHZERLHN I D NBED Ey =i
(SRUHMEC\I? "R YLRENEEHS D \NWWETIZY e

c@\
FI3E[0S 6 FEE? Y NEBIZ WD N 2 B CEH2)ZFY T e
(o] MQ

A F|38 [0S b AT "@USURREDIH2 BHEOE o
U 2R Y ERYEN P 0
- RO EF &) e

S8 D> AT
FEE "XEISE>HENI=FIEEE S C Oy (2SUR
[k =2 FENANNEAN DN ERE) RSO —P)0 Bl @

RROHE o
(RCC) HSVILUSEYE2N AN K LOMERY

< EMNIW BB O N LY (AR
WHOT [(EFCLY YO ATHOBRATET 2 3 TRT) I - FEUNYFEOMHEY] MK_MHWA 4._“—\ Q @

ERSRUENTRP AV P G0 CTREECLE H6Z i 01 257 T4




B UEHOHLOSTHTIRISHC U BES YO0V Th RIU6 P ERTETI o
% UEBHOHL/ETRISHCUD BHES Y LUSEH RUL P EHDET KBIEL XY

“E I Y C O
WHEE S 6 D)1 BRE =2 HEY) "9 PO L C S LHXR2EY @
*C@O N

URROZENES "2R@U (TEB Bl "KY) LS8
SEUESEERI2IC 6 HENZ [N MY FE] ZEHEL e

‘S @B LI
EEUNTOE BUDUIHS 6 582B02 "G CBD FED BY

"B L EZFR LY (1 SATZERIEE#UELIS o

S >YRIERED)
S RP) D CF2)HEEEE¥ YT *S\N D2 UR 2 BEE%OL R BEROBEE YD) CHEF— X

OWDQQ@AUJmeHiUﬁ S\ Nz
%) FISAOXET— WSR2 VAN LN ERD D FE\(EHNEY o

HEREOHS o
(BCC) HSVIDLUSGEYZR 2N AN KLORERY

— — gl :.:
SENNANs=INEE BN (7 (155
HHGT (ERFOLYL£UQB T OERSTTH 3 MNTREE) 8 - YUY FOoEYER] MK—\H* M”\ Q @

EVSHEHAGRER Y v L 4 L0 cTREE ST ¥ H6ZH 0L 7 Y MUY HEY XTUST SUSHLCTEYEE D7 L2l v




#020111/30 SARS-CoV-2BAVEARI T B e sho & 3 & BT TOIL—TF> DIMEIRIEPCRIZEDEMIEDHEE| CMMIDURE hU 5(

SARS-CoV-2BE4% BittF 5 70 0 3 "
FTXFLMMETONL— 7“ v O HEfE
PCI Wt D6 s D HEE

SR EPORE| BIOA T >/ 1012020 AT 2020 1AME

EE 1 Joel Hellewell (mailto.‘joel.helieweﬂ@lshfmiac.uk) *1_ Timothy W Russell ', SAFER Investigators
and Field Study Team. Crick COVID-19 Consortium. CMMID COVID-190—+>00)L—2F
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Estimating the effectiveness of
routine asymptomtatic PCR testing
at different frequencies for the

detection of SARS-CoV-2 mfectlons
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This study has not yet been peer reviewed.

Background: Routine asymptomatic testing using RT-PCR of people who interact with vulnerable
populations, such as medical staff in hospitals or care workers in care homes, has been employed to help
prevent outbreaks among vulnerable populations. Although the peak sensitivity of RT-PCR can be high,
the probability of detecting an infection will vary throughout the course of an infection. The effectiveness of
routine asymptomatic testing will therefore depend on how testing and PCR detection varies over time.

Methods:

We fitted a Bayesian statistical model to a dataset of twice weekly PCR tests of UK healthcare workers
performed by self-administered nasopharyngeal swab, regardless of symptoms. We jointly estimated
times of infection and the probability of a positive PCR test over time following infection, then compared
asymptomatic testing strategies by calculating the probability that a symptomatic infection is detected
before symptom onset and the probability that an asymptomatic infection is detected within 7 days of
infection.

Findings: We estimated that the probability that the PCR test detected infection peaked at 77% (95%
credible interval (Crl): 54-88%) 4 days after infection, decreasing to 50% (95% Crl: 38-65%) by 10 days

after infection. Our results suggest a substantially higher probability of detecting infections 1-3 days after -

infection than previously published estimates. We estimated that testing every other day would detect 57%
(95% Crl: 33-76%) of symptomatic cases prior to onset and 94% (95% Crl: 75-99%) of asymptomatlc
cases within 7 days if test results were returned within a day.

w Our results suggest that routine asxmptomg“p testing can enable detection of a high
proportion of infected individuals early in their infection, provided that the testing is frequent and the time
T T N e W U T e

from testing to notification of results is sufficiently fast.

Read the full preprint here (reports/pcr_profile/manuscript_main_text.pdf) and the supplementary
material here (reports/pcr_profile/manuscript_supplementary_material.pdf).

Reproduce our analysis using the code hosted here (https://github.com/cmmid/pcr-profile).
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https:/femmid.github.io/topics/covid19/per-positivity-over-time.html

Estimating the effectiveness of routine asymptomtatic PCR testing at different frequencies for the detection of SARS-CoV-2 infeclio..,
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fig. 813. Two-dimensional distributions show-
ing correlations in uncertainty are shown in
fig. S14. The estimate of Rp/(Rp + Rg) ob-
tained by this method is 0.55 (CI, 0.37to 0.72),
which is larger than the estimate of 0.37 (CL, 0.28

RD =2.0:
R = 0.9 from pre-symptomatic
B R, = 0.8 from symptomatic

|| Rp = 0.2 from environmental
B R.=0.1 from asymptomatic

o2
S

(transmissions per day)
j=] o
o [

(=]
-

B(x)

Fig. 2. Our model of infectiousness. The average
infectiousness (rate of infecting others), p, is shown as
a function of the amount of time since infection, <.

The total colored area found between two values of t is
the number of transmissions expected in that time
window. The total colored area over all values of  is the
number of transmissions expected over the full course
of one infection (i.e., the basic reproduction number
Ro). The different colors indicate the contributions of
the four routes of transmission, so that the total area of
one color over all values of © is the average number

of transmissions via that route over the whole course of
infection: Rp, Rg, Re, and Ry for presymptomatic, symp-
tornatic, environmentally mediated, and asymptomatic
fransmission, respectively. Note that the colors are stacked
on top of one another (ie., the lower colors are not in
front, and the higher colors are not behind and partially
obscured). Values are rounded to one decimal place.
Stopping the spread of disease requires reduction of R
to less than 1: blocking transmission, from whatever com-
bination of colors and valuies of = we can achieve, such
that the total area is halved.

[Eem eSS = =t ctum -zt =m = —we i eeER —wwommw T n s R

Table 2. Ry and its components.

Presymptomatic

t0 0.45) from our analysis of the 40 transmission
pairs but with overlapping uncertainty.

We define 6 as the fraction of all trans-
missions that do not come from direct contact
with a symptomatic individual: 1~ (Rg/Ro).
This corresponds to the 0 of (9) in the case
where there is only presymptomatic and
symptomatic transmission. From Table 2,

this is 0.62 (CI, 0.50 to 0.92). The value of § |

observed during an exponentially growing
epidemic will be distorted when the timings
of the different contributions to transmission
occur at different stages of the infection, as a
result of overrepresentation of recently infected
individuals. This effect can be caleulated through
use of the renewal equation, as was recently
done to calenlate the distribution of time from
onset of COVID-19 symptoms to recovery or
death (20) (see supplementary materials), We
calculated the 0 that would be observed with
the early exponential growth seen in China as
0.68 (CI, 0.56 to 0.92). The correction due to
the epidemic dynamics is small relative to pa-.

' rameter uncertainties,

We developed our mathematical model of
infectiousness into a web application where
users can test the effect of alternative pa-
rameter combinations (24).

Modeling case isolation and contract tracing
with quarantine

We modeled the combined impact of two in-
terventions: (i) isolating symptomatic individu-
als, and (ii) tracing the contacts of symptomatic
cases and quarantining them. These interven-
tions aim to stop the spread of the virus by
reducing the number of transmissions from
both symptomatic individuals and their con-
tacts (who may not be symptomatic) while
minimizing the impact on the larger popula-
tion. In practice, neither intervention will be
successful or possible for 100% of individuals,
The success rate of these interventions deter-
mines the long-term evolution of the epidemic.
If the success rates are high enough, the
combination of isolation and contact tracing/
quarantining could bring R below 1 and there-
fore effectively control the epidemic.

Symptomatic Environmental

Quantifying SARS-CoV-2 transmission suggests
epidemic control with digital contact tracing

s Luca Ferretti¥, Chris Wymant*, Michelle Kendall, Lele Zhao, Anel Nurtay, Lucie Abeler-Damer,
Michael Parker, David Bonsallf, Christophe Frasert

An analytical mathematical framework for
the combined impact of these two interven-
tions on an epidemic was previously derived
in (9). In the supplementary materials, we
solve these equations using our infectious-
ness model above—that is, quantifying how
the SARS-CoV-2 epidemic is expected to be
controlled (or not) by case isolation and the
quarantining of traced contacts. Our results
are shown in Fig. 3. The black line shows the
threshold for epidemic control: Combined
success rates in the region to the upper right
of the black line are sufficient to reduce R to
less than 1. The @ axis is the success rate of
case isolation, which can be thought of either
as the fraction of symptomatic individuals
isolated (assuming perfect prevention of trans-
mission upon isolation) or the degree to which
the infectiousness of symptomatic individuals
is reduced (assuming all of them are isolated).
The y axis is the success rate of contact tracing;;
similarly, this can be thought of as the fraction
of all contacts traced (assuming perfectly suc-
cessful quarantine upon tracing) or the degree
to which infectiousness of contacts is reduced
(assuming all of them are traced). These re-
sults for intervention effectiveness, and their
dependence on all parameters in our com-
bined analysis, can be explored through the
same web interface as for our model of infec-
tiousness (24).

Delays in these interventions make them in-
effective at controlling the epidemic (Fig. 3):
Traditional manual contact-tracing procedures
are not fast enough for SARS-CoV-2. However,
a delay between confirming a case and finding
that person’s contacts is not inevitable, Specif-
ically, this delay can be avoided by using a
mobile phone app.

Epidemic control with instant digital
contact tracing

‘A mobile phone app can make contact tracing
and notification instantaneous upon case con-
firmation. By keeping a temporary record of
proximity events between individuals, it can
immediately alert recent close contacts of di-
agnosed cases and prompt them to self-isolate,

Asymptomatic Total Ry -

Absolute Point estimate: 0.9

Uncertainty median; 0.7

Point estimate: 0.8
Uncertainty median: 0.6

Point estimate: 0.2
Uncertainty median: 0.4

Point estimate: 0.1
Uncertainty median: 0.2

Point estimate: 2.0
Uncertainty median: 2.1

Cl: 0.2-11 Cl: 0.2-11 Cl: 0.0-1.3 Cl: 0.0-1.2 Cl: 1.7-2.5
Fraction of Ry Point estimate: 0.47 Point estimate: 0.38 Point estimate: 0.1 Point estimate: 0.06 1 by definition

Uncertainty Uncertainty by assumption Uncertainty

median: 0.35 median: 0.28 Uncertainty median: 0,09

Cl: 0.11-0.58 Cl: 0.09-0.49 median: 0.19 Cl: 0.00-0.57

Cl: 0.02-0.56
Ferretti et al., Science 368, eabb6936 (2020) 8 May 2020 4of 7
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