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Figure Al: Mobility trends for selected, contrasting areas of the UK, 15t May to 8" November 2020. Figures
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Figure A2: Mobility trends for selected, contrasting areas of the UK, 15t September to 8" November 2020.

Figures show how visits and length of stay at different places change compared to a baseline (zero value),

which is the median value, for the corresponding day of the week, during the five-week period 3@ January
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drawn by authors using data from Google Mobility data, accessed 12" November 2020.1
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Figure A3: Population and household age distribution, and age specific contacts at home. The top row
shows age pyramids for three countries. The next row shows household structure by age and the bottom
row shows reported contacts by age in households. The dark shading shows high frequency contacts and
low to zero shading intensity shows limited or no reported contacts. The tight relationships in Germany
which would be most closely associated with the UK in some social groups shows strong parent-child
contacts. In Bolivia and South Africa, the matrices show broader contact between children, parents and
grandparents due to multiple generations living in the same household. Figure taken from Prem et al
201620.
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Figure A4: Number of people transferred to the contact tracing system and number of people transferred
who were reached and asked to provide details of recent close contacts (includes cases managed and not
managed by local HPTs), England. Figure taken from GOV.UK COVID -19 dashboard*’.
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Figure A5: Percentage of cases reached and asked to provide details of recent close contacts by upper
tier local authority since Test and Trace began in England. Figure taken GOV.UK COVID -19 dashboard*’.
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Figure A7: Laboratory-confirmed COVID-19 cases assigned to an outbreak, by infection setting and
reporting week (up to 11t August 2020). Graph adapted from Robert Koch Institute report, 17" September
2020.11

Total Active
Setting Oubreaks Cases Oubreaks
N % [\ % [\ %
Healthcare facility 20 3.0 274 3.3 17 3.1 219 3.5
Long-term care facility 59 8.8 829 9.9 39 71 376 6.1
Vulnerable social group 44 6.5 576 6.9 32 5.8 337 5.4
Family- different households 65 9.7 406 4.8 52 9.4 315 5.1
Total 146 21.7 2,331 27.8 110 20.0 1,269 | 20.4
X Slaughterhouse/meat plant 19 NA 767 NA 12 NA 365 NA
Occupational
Agriculture seasonal worker/fruit-vegetable company 45 NA 1,022 NA 31 NA 500 NA
Other/not specified 82 NA 542 NA 67 NA 404 NA
Total 206 30.6 | 2,627 | 313 193 35.0 2,546 | 41.0
Organised event/public space 31 NA 349 NA 29 NA 324 NA
Social Family/friends reunion or private party 120 NA 900 NA 112 NA 854 NA
Leisure facility (restaurant, bar, club...) 35 NA 1,234 NA 34 NA 1,231 NA
Other/not specified 20 NA 144 NA 18 NA 137 NA
Mixed 111 16.5 1,218 | 14.5 92 16.7 1,050 | 16.9
Other 22 3.3 129 1.5 16 2.9 96 1.5
Total 673 100 8,390 |100 551 100 6,208 |100

NA: not applicable.

*While most outbreaks (n=669) occurred from mid-June, four outbreaks, which were notified during the last days of May before the official
adjustment of the national strategy, are included in the overview.

Table A1 Examination of outbreaks and settings of outbreaks of COVID-19 infection in Spain in the first
wave of the epidemic in that country.53
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Figure A8: Forest plot comparing UK and US7° data measuring index and contact case characteristics;
namely age, gender and ethnicity (US only). Overall, the data show mirrored rates between index and
contacts. Note: UK data measures unadjusted secondary attack rate, whilst US data measures secondary

infection rate.



Table 1a Secondary cases Secondary cases
Table 1b
0~17 18~49 50~64 65+ Total T T
Male Female Total

0~17 0.8 0.8 11 0.7

18-49 07 0.9 2.0 11 Male 1.0

Primary
50~64 17 0.9 0.7 0.6 08 Primary
cases ' ' ' Female 1.2 0.7 0.9
cases

65+ 23 1.4 0.6 2.1 13

Total 0.8 1.2 1.0
Total 35 08 0.8 14 1.0

Table A2: Hazard of infection stratified by age or gender. The risk of being infected outside of households
is higher for age groups between 18 and 64 years, whereas the hazard of being infected within households
is higher for age groups of young (<18) and elderly (>65) people. (1a) Age-stratified hazard of infection for
the household relative to non-household transmission. (1b) Gender-specific hazard of infection for the
household relative to non-household transmission. Red or blue shades indicate an increased or decreased
hazard of infection within households relative to outside of households, respectively. Figure taken Xu et al
et al.8®
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Figure A9: Number of infections by age of infector and infectee. Each cell in the matrices refers to the total
number of infections (A) and the mean number of infections (B) caused by an infector of a given age. Figure
taken from Hu et al.>*
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Figure A10: Contact tracing network overlaid by Whole-Genome Sequencing (WGS) information that
enabled the identification of the source of origin of the transmission cluster and led to the identification of

two previously unlinked cases to the same transmission cluster. Figure taken from Gudbjartsson et al,
20204



Appendix 2

The NHS TTI system was launched in late May 2020. The results from a recent week (22" October to the
28" of October 2020) give an idea of the volume of testing undertaken weekly during the first phase of the
second wave in the UK. There are 4 pillars or tiers of testing. For pillar 1, this starts with a person having a
coronavirus test in hospital. For pillar 2, this starts with a person booking or ordering a coronavirus test.
Pillar 2 tests can either be conducted at a regional test site, local test site or mobile test unit; or a satellite
or home test can be conducted. Pillar 3 tests are serological tests made available as part of research
studies that show whether people have antibodies against SARS-CoV-2 following infection.?° For pillar 4,
this starts with a person having a coronavirus test as part of a prevalence study (those who are tested as
part of anonymous studies do not get passed on to contact tracing). After tests have been taken, they are
sent to a laboratory for processing. Once processed, a person will be emailed or texted their result.

In the week of 22nd-28th October in England, 137,180 people tested positive for coronavirus (SARS-CoV-
2) at least once in England. Positive cases had been rising steeply since the end of August, and in the last
week in October there had been an increase of 8% compared to the previous week. 9.3% of people tested
had a positive result and this rate has been increasing since the end of August. A total of 1,482,528 people
were tested at least once for COVID-19, similar to the previous week. A total of 10,218,475 people have
been tested at least once since TTI began. Turnaround times for pillar 2 (swab testing for the wide
population) for all in-person testing routes have improved compared to the previous week but continue to
be longer than they were at the end of June. In the most recent week, 61.8% of in person test results were
received the next day after the test was taken. Turnaround times for satellite/home tests have also improved
since the previous week, with 52.4% of results received within 48 hours.

The median distance to in-person testing sites (pillar 2) for booked tests has decreased over the past
month. Between 22 October and 28 October, the median distance was 2.7 miles, similar to the previous
week but continuing the downwards trend seen over the past 6 weeks. Of those tested, 139,781 people
were transferred to the contact tracing system between 22 October and 28 October, a 16% increase
compared to the previous week. The number of people transferred has been increasing steeply over the
past 8 weeks with over 15 times as many people being transferred in the most recent week compared to
the end of August. Of those transferred to the contact tracing system between 22 October and 28 October,
82.7% were reached and asked to provide information about their contacts. This has remained similar over
the past month. In this week, 27,203 people were identified as coming into close contact with someone
who had tested positive between 22 October and 28 October. This is an increase of 14% compared with
the previous week, continuing the sharp upward trend since the end of August. For those where
communication details were available, 77.8% were reached and asked to self-isolate. Taking into account
all the contacts identified, only 59.9% were reached. This is clearly insufficient to have a very marked
impact on transmission unless all contact had not or did not transmit on and fully adhered to isolation rules.

Testing capacity in the UK across all pillars between 22 October and 28 October was at 3,596,069 tests,
an increase of 11% compared to the previous week. Testing capacity for all swab testing was at 2,748,369
tests, a 64% increase since the start of September. 1,206,106 tests were sent out across the UK within
pillars 2 and 4 in the latest week. The number of tests sent out had decreased since the end of September.
After a notable increase between 15 October and 21 October, it has decreased slightly in the latest week.
2,227,054 tests were processed in the UK, across all pillars, in the latest week, a 6% increase compared
with the previous week. Since the beginning of September there has been a 57% increase in tests
processed. 2,178,983 swab tests were processed in the latest week, which is 4 times higher than in mid-
June. A summary Flow chart of how people move through the TTI system is shown in Figure A11, based
on the government website.*6
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Appendix 3

Table A3: Summary of published and pre-print studies evaluating COVID-19 contact tracing interventions in Western Europe and North America, plus
selected Asian countries known to have effective contact tracing programmes

First author | Setting Population Evaluation or COVID-19 Methods Key findings
intervention prevalence
period (2020)
PREPRINT?
Salathé®! Switzerland National 23 Juli 10t 16-55/100,000° SwissCovid app: each 12,456 confirmed cases, issued 2,447 Covidcodes of which
coverage Sept phone generates a 1645 (67%) were used by users. Embedded cohort of "Zurich
(population 8.7 daily Temporary SARS-CoV-2 Cohort" longitudinal study 7" Aug i 11" Sep.
million®?) Exposure Key (TEK), App downloaded 2.36 million times, daily active 1.62 million
from which fast rotating
proximity identifiers
(RPI) are derived and
exchanged with
neighbouring phones
via Bluetooth Low
Energy (BLE) beacons.
Positive RT-PCR test
gives user a
Covidcode, assumes
contagious period
started 2 days before
symptoms. Notifies via
TEK those in proximity
to infected.
Fateh- Independent | 2,812 March and April | 12-14/100,000 per | Contact tracing website | 6,690 contacts included in analysis originating from 2,812
Moghadam®? | Province of laboratory- (province mainly | day® developed for the cases. 890 developed symptoms, 13.3% attack rate. Overall,
Trento, ltaly | diagnosed in lockdown) province. Information 606 outbreaks were identified, 74% of which consisted of
community on contacts was only two cases, 16.3% three cases, 7% four cases and 3%
cases of collected by telephone having O5 connected cases.
COVID-19 had interviews following a Greatest risk of transmission (contacts developing symptoms
6,690 standard questionnaire. | or having a positive test)
community Contacts were followed | increased with age of contact. There was no major difference
contacts via telephone, emails, by gender. Workplace exposure was associated with higher
or the app. risk of becoming a case than cohabiting with a case or
having a non-cohabiting family member/friend who was a
case.
Secondary attack rate by characteristic of contact:

12




First author

Setting

Population

Evaluation or
intervention
period (2020)

COVID-19
prevalence

Methods

Key findings

Age of contact, years (n=6687)

0-14: 8.4% (86/1024)

25-29: 9.2% (126/1372)

30-49: 14.9% (245/1646)

50-64: 15.4% (264/1712)

65-74: 16.9% (79/467)

O075: 18.9% (88/466)
Gender of contact (n= 6406)

Women: 13.5% (426/3156)

Men: 13.1% (427/3250)

Nature of contact with case (n= 6255)
Cohabitant: 14.1% (500/3546)
Non-cohabiting family/friend: 12.9% (206/1596)
Work colleague: 15.8% (79/499)

Other: 9.0% (55/614)

Contagiousness (% of contacts who became cases) by
characteristic of case:

Age of index, years (n=1,489)

0-14: 22.4% (11/49)

25-29: 13.1% (62/475)

30-49: 10.6% (250/2361)

50-64: 13.6% (303/2222)

65-74: 15.2% (85/559)

075: 17.1% (155/9009)
Gender of index (n=1,442)

Women: 12.1% (414/427)

Men: 14.0% (416/2973)

Kendall®

Isle of Wight,
UK

Population size
141,500

6" May i 26M
May

6.7-2.7/100,000%

Pilotof t he UKZQE
Trace and Isolate (TTI)
programme: combined
approach of 1)
individually questioning
index cases on past
close proximity contact
events; and 2) using
version 1 of the NHS
contact tracing app to
pass anonymised

notifications between

App downloaded 54,000 times (38% of population). During
evaluation, manual contact tracing led to 163 natifications to
isolate. 1,524 reported symptoms in the app leading to 1,188
exposure notifications. Reproductive number Rt decreased
after the TTI intervention on the Isle of Wight more sharply
than the national trend.
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First author | Setting Population Evaluation or COVID-19 Methods Key findings
intervention prevalence
period (2020)
new index cases and
their past contacts.
Smith#° UK 68.0 million®? 2nd March 1 5th | 3.2/100,000 daily | Time series of cross- 42,127 responses from 31,787 people living in the UK. Self-
August 2020 cases® sectional online reported adherence to test, trace and isolate behaviours was
surveys (21 survey low (self-isolation 18%, 95%CI 16-20%; requesting an
waves) evaluating the antigen test 12%, 95%Cl 10-14%; intention to share details
UKb&6s Test, 1 ofclosecontacts 76%, 95%CI 75-77%; quarantining 11%,
Isolate programme. 95%CIl 8-14%) and largely stable over time. Self-reported
adherence to test, trace and isolate behaviours is low;
intention to carry out these behaviours is much higher.
Identification of COVID-19 symptoms is also low.
PUBLISHED?
Burke® Tennessee Intensive As of 26" Near zero (first 10 | Active symptom 445 persons (range 17 201 persons per case) who had close
and contact tracing February 2020 patients in US) monitoring of identified | contact with one of the 10 patients on or after the date of the
Wisconsin, of the first 10 contacts for 14 days. pat i symptdnonset were identified. 19/445 (4%)
us patients with contacts were members of a p
travel-related these continued to have household exposure to the patient
COVID-19 in the during their isolation period. 104/445 (23%) were community
us members who spent at least 10 minutes within 6 feet of a
patient; 100/445 (22%) were community members who were
exposed to a patient in a healthcare setting; 222/445 (50%)
were health care personnel. Two household contacts of
patients tested positive for SARS-CoV-2 (secondary attack
rate 0.45% (95%CI 0.12%7 1.6%) among all close contacts,
and a symptomatic secondary attack rate of 10.5% (95% CI
2.9%i 31.4%) among household members. No other close
contacts who were tested for SARS-CoV-2 had a positive
test, including the five household members who were
continuously exposed during the period of isolation of their
household member with confirmed COVID-19.
Baraniuk®! Northern 1.9 million®” Pilot programme | 0.5-4.6/100,000¢ Pilot programme. 92% of all positive covid-19 cases and their
Ireland, UK went live 27 daily cases Cases are called within | contacts were traced within 24h. High responsiveness

April; article
published 18t
June

24h and asked about
close contacts, who are
then also called. Close
contacts are identified
as e.g., people who
have been living in the
same home as a case

attributed to information put on local media about how the
contact tracing programme would work, to raise awareness.
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First author

Setting

Population

Evaluation or
intervention
period (2020)

COVID-19
prevalence

Methods

Key findings

or have spent >15min
with a case at a
distance <2m. Those
deemed to be at risk
are advised to self-
isolate.

lacobucci®

England

56.2 million®”

1sti 7% October

19.5[10.4-
34.5]/100,000
daily cases®

62.6% of close contacts of people who tested positive for
covid-19

Cases handled by local public health protection teams:
97.7%

Cases handled either online or by call centres: 57.6%
32.6% of people receiving their result within 24 hours,
compared with 27.4% the previous week

Valent®®

6000-
inhabitant
town,
Remanzacco
, Italy

6000%

29" Feb i 16"
Mar

142.9[19.7-
266.1]/100,000
daily cases in
Friuli Venezia
Giulial00

143 persons were traced and followed.

Test results were available in mean 5h. All quarantined
persons were periodically monitored by telephone to assess
clinical conditions.

AThis experience shows that
confirmed cases and extensive collection of nasal swabs
from close, even

asymptomatic, contacts of cases, with consequent isolation
or quarantine, can be effective in extinguishing the COVID-
19 epidemic. In our setting, synergic work with the Infectious
Disease

Clinic, Prevention Department, and Virology and
Microbiology Laboratories made these resource-consuming
activi ties possible and effect

Lash?o?

Two
counties,
North
Carolina, US

1,110,356
143,667

15t June i 12t
July

Mean 24
cases/100,000/da

y

Median interval from specimen collection from the index
patient to notification of identified contacts was 6 days in both
counties.

Health department staff members investigated 5,514 (77%)
persons with COVID-19 in Mecklenburg County and 584
(99%) in Randolph Counties. No contacts were reported for
48% of cases in Mecklenburg and for 35% in Randolph.
Among contacts provided, 25% in Mecklenburg and 48% in
Randolph could not be reached by telephone and were
classified as nonresponsive after at least one attempt on 3
consecutive days of failed attempts.

Koettert0?

Single
academic

24" Mar i 28t
May

207 1 666 daily
cases (peak in

Completed contact tracing for 536 confirmed
cases, which resulted in the identification of 953 contacts

15




First author | Setting Population Evaluation or COVID-19 Methods Key findings
intervention prevalence
period (2020)
institution, April 30, 2,033
us cases)3
Robert Koch | Germany National All data to 11t Maximum Of 202,225 cases in total, only 55,141 could be linked to an
Institute? coverage Aug® 86/100,000 (9t outbreak and a probable infection setting.
(population 83.8 Apr); 13/100,000
million®?) on 11" August?
Leel%4 South Korea | 51.3 million®2 29 Feb 1 151 0.7[0.1- Descriptive review South Korea has slowed the spread of COVID-19 and
Mar 1.8]/100,000 daily | analysing factors flattened the curve of new infections without taking extreme
cases'o® contributing to the measures that restrict the movement of people and core
countryds s businesses. Authors attribute this success to agile and
containing viral comprehensive testing to identify positive cases and robust
transmission. Findings contact tracing of their contacts to prevent further spread;
were based on the plus rigorous treating those infected at the earliest stage
actual field experience possible.
of the Korean Contacts of cases are traced by tracking down their credit
government's COVID- card transactions, CCTV recordings, and GPS data on their
19 response team. mobile phones when necessary. Anonymised information is
disclosed to the public so that those who were in the vicinity
of confirmed patients will go through the testing themselves.
Those identified through epidemiological investigations are
instructed to self-quarantine and monitored one-on-one by
staff of the Ministry of the Interior and Safety and local
governments.
Park™ South Korea | 51.3 million®? 201 Jan i 271 0.3[0-1.8]/100,000 | Findings from the 5,706 COVID-19 index patients reported 59,073 contacts. Of
Mar 2020 daily cases'%® national COVID-19 10,592 household contacts, 11.8% had COVID-19. Of 48,481
contact tracing non-household contacts, 1.9% had COVID-19. Use of
programme. personal protective measures and social distancing reduces
the likelihood of transmission.
Tran06 Hai Phong 2.1 milliont0® Up to 18" May 0.002[0- Case history of how Hai | Vietnam had only 320 cases, no deaths, and no verified
city, Vietham 2020 0.03]/100,000 Phong city community transmission, up to 18th May 2020. Hai Phong
daily cases'% implemented the initial was the first city in Vietnam to implement preventive activities
(2.4[0-26] average | COVID-19 response (on 1st March) such as active screening, contact tracing, and
daily cases)!0® quarantining people from pandemic areas. By 18" May 2020,
Hai Phong had not detected any confirmed COVID-19 cases.
Of 417 suspected exposure cases, all were quarantined at a
health facility.
Pham?%7 Vietnam 97.6 million®? Cases during 0.002[0- Clinical and Vietnam has controlled SARS-CoV-2 spread through early
first 100 days 0.03]/100,000 demographic data on introduction of mass communication, meticulous contact-

after first
confirmed case

the first 270 SARS-
CoV-2 infected cases

tracing with strict quarantine, and international travel
restrictions. Cases and their contacts were quarantined for
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First author | Setting Population Evaluation or COVID-19 Methods Key findings
intervention prevalence
period (2020)
reported in 2.3[0-26] average | and the timing and 14 days in Government facilities to prevent onward
Vietnam on 23 | daily cases%® nature of Government transmission. A mobile phone app for contact tracing and
Jan control measures, symptom reporting was launched on February 8.

including numbers of One hundred days after the first case, 60% of the first 270
tests and quarantined cases were imported, 43% were asymptomatic and 27% of
individuals, were transmissions occurred before symptoms. No community
analysed. transmission had been detected since April 15th.
Through identification of 33 infector-infectee pairs, serial
intervals were calculated and used to estimate the proportion
of pre-symptomatic transmission events and time-varying
reproduction numbers.
Up to May 1%, around 70,000 individuals have been
guarantined in Government facilities and a further 140,000 at
home or in hotels. 266,122 PCR tests have been performed,
with a ratio of around 1 positive person: 1000 tests
conducted.

Vo108 Vietnam 97.6 million®? 569 confirmed Pre- and post-lockdown | Patients were older in the post-lockdown group, patients
cases, divided evaluation of case remained hospitalised for treatment for longer. Patient pre-
into pre- epidemiology. lockdown mean age 35.89 (0-88), post-lockdown mean age
lockdown (23/01 40.93 (0-90). 21-30 year group recorded most cases pre-

- 22/04) and lockdown (96) and post-lockdown (84), followed by 31-40

post lockdown year group 44 pre-lockdown, 42 post-lockdown. All deaths

(23/04 - 31/07) occurred in the post-lockdown group. 100% of pre-lockdown
patients were discharged, whereas 64% of post-lockdown
patients were still under treatment at the end of the study.

Phucharoen® | Phuket, 417,000 Up to 29™ April 0.03[0- Analysis of high-risk <10% of all confirmed cases in Phuket were foreign imported

09 Thailand 2020 0.4]/100,000 daily | contacts in Phuket cases. Infections through local transmissions sharply

caseslo

(Used Thailand
population as
denominator, as
Phuket level data
not available)

25.7[0-263]
average daily
cases

recorded by Phuket
Provincial Public Health
Office contact tracing
progr amme.
quarantine policy
mandated individual
isolation in state
provided facilities for all
high-risk contacts.

increased after the initial imported transmissions decreased.
15.6% of 1108 high-risk contacts had COVID-19, accounting
for 80% of 214 confirmed cases in Phuket up to 29th April

1 2020. 10.7% of all high-risk contacts were confirmed to be

infected before quarantine, and 4.6% after the policy was
enforced. Living in the same household as a confirmed case
increased infection risk 25% compared to contacts not
sharing a household. Contact
negatively linked with their age.

There was a higher risk of infection from certain cases than
others (super spreaders).
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