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Number of infected travellers

Civil Aviation Authority data for April and May 2020 indicates that traveller volume was
approximately 99% lower compared to the same period in 2019 (Table S1). The traveller
volumes in July 2020 are therefore assumed to be approximately 1% of those in July 2019.

Table S1: Traveller movements in June 2019 and year on year change for May 2020 compared to May 2019
between UK airports, and airports in the European Union (EU) and United States of America (USA). Source: Civil
Aviation Authority Tables 10.1 and 12.1 for July 2019 [1], May 2019 [1] and May 2020 [2].

EU USA Source
Total traveller volume July 2019 18,186,680 2,249,856 [1
Year-on-year change for April -99% -99% [2]
and May 2020 compared to EU: Table S10.1
April and May 2019, % USA: Table S12.1
Calculated total traveller volume 181,187 22,499 [1,2]
July 2020 using May EU: Table S10.1
year-on-year change, n USA: Table S12.1
Duration of typical flight (hours) 2 8 Assumed
Prevalence of SARS-CoV-2 on 2.8 per 10,000 40.0 per 10,000 [3]
20 July 2020
Number of infected individuals Symptomatic: Symptomatic: Proportion
intending to travel in a given 4 (1,10) 8 (2, 21) asymptomatic
week. Median and 95% interval Asymptomatic: Asymptomatic: derived from [4]
from 1000 simulations. 1(0, 5) 2 (0, 10)

We assume that the observed weekly travel volume, here, W, is those who have not been
screened out or self-selected out based on onset of symptoms, i.e. the sum of the number of
uninfected, asymptomatic, and those ever-symptomatic travellers not currently symptomatic
The total number of intending travellers, W', is W, plus those who do not travel, §W. We
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calculate W' as follows. First, sample W ~ Bin(p = 7/30, [n/2]). For a, the proportion of
infections which are asymptomatic, m, the prevalence at the travel origin, &, the proportion of
ever-symptomatic cases who are symptomatic at intended time of departure, and p, the
proportion of currently symptomatic travellers prevented from boarding, W is distributed
according to a negative binomial distribution with size W and p =1 — (1 — «a)pg. &is
estimated by sampling a large number of ever-symptomatic travellers, along with flight
departure times and symptomatic periods and determining which proportion are symptomatic
at time of intended departure.

The number of uninfected travellers, S, is then § ~ Bin(1 — w,W + &§W); the number of
asymptomatic infected travellers is Ia~ Bin(a, W + 8W — S); the number of travellers

symptomatic at time of departure is I ~ Bin(E, W+ W - S — Ia)and the number of
ever-symptomatic travellers who are permitted to travel is therefore W + W — S — Ia - IS

and is composed of those who are not yet symptomatic, those who are post-symptomatic,
and those who are symptomatic but not detected by syndromic screening.

Risk mitigation strategies

At maximum stringency, the 14 day quarantine period aims to ensure that even a traveller
who was infected just before or during the flight would likely spend their whole infectious
period in quarantine and thereby not infect others. The moderately stringent strategy, on the
other hand, aims to ensure that travellers spend a sufficient amount of time in quarantine to
allow for the development of symptoms and probability of a positive PCR test leading to
isolation for those infected. These strategies would, however, risk that some
asymptomatically infected travellers (that is, infected travellers who will never display
symptoms) will enter the community before the end of their infectious period.

Table S2 - Strategies for risk mitigation. Where one of the described lines contains “or”, we consider all
combinations contained within. For all levels of stringency we consider scenarios with the following pre-flight PCR
policies: no pre-flight testing, pre-flight testing within 1 day of departure, within 4 days of departure, or within 1
week of departure.

Stringency of Description of screening policy
screening policy*

Low 01. No mandatory quarantine on arrival, and
02. Either no post-flight testing, or a single PCR test on arrival.
03. Release immediately after arrival (no test) or on receipt of negative
result (test).
We consider a no-quarantine, no-testing scenario as the primary baseline
for comparison.

Moderate 01. Mandatory 3, 5 or 7 days quarantine on arrival, and

02. Either no post-flight testing or a single PCR test at end of
mandatory quarantine

03. Release at end of mandatory quarantine period (no test) or on
receipt of negative test at end of mandatory quarantine period.

High 01. Mandatory quarantine on arrival, and
02. Afirst PCR test 0, 1 or 2 days after arrival, and




03. Asecond PCR test either 2, 4 or 6 days after the first
04. Release after two negative post-arrival results or 14 days after
earliest positive post-arrival test.

Maximum 01. Mandatory 14 days quarantine on arrival

02. Either no post-flight testing or a single PCR test at end of
mandatory quarantine

03. Release at end of mandatory quarantine period (no test) or on
receipt of negative test at end of mandatory quarantine period.

*In all scenarios we assumed that syndromic screening is implemented at the departure airport, hence low stringency rather
than no stringency.

Detection model

The time-varying PCR sensitivity is modelled as a function of the time since an individual’s
exposure (Figure 1, Kucirka et al. 2020 [5]) and derived by fitting a Generalised Additive
Model (GAM) with a Binomial likelihood and penalised B-spline basis (P-spline) [6], to the
data collected by Kucirka et al. (2020) [5]. We shift the observations, as they have, by an
incubation period of 5 days [7], and augment by a pseudo-negative test on day 0 for each of
the constituent data sets.

Table S3 - Values of parameters in simulation of travellers’ infection histories and PCR testing. Gamma

distributions are parameterised in terms of a mean and variance, I'(y, cz), and these are converted to shape and
rate parameters via moment matching. Where quantiles are given but no distribution described, the parameter is
derived from other distributions in the table and has no closed-form.

Model parameter

Description

Value

Source

Incubation period
(days)

Time from exposure to
onset of symptoms.

(k=550 =65
Median: 5.1 days
IQR: (3.6, 6.9) days
95%: (1.7, 11.5) days

Derived from
quantile
matching with
Median: 5.1
days, 97.5%:
11.5 days [7]

Time to infectiousness
(symptomatic cases)

Time after exposure
(and before onset of
symptoms) from which
pre-symptomatic
transmission can
occur.

Median: 3.4 days
IQR: (2.3, 4.9) days
95%: (0.9, 8.6) days

Derived from

(8]

Infectious period
(symptomatic cases,
days)

Duration of period in
which case is able to
infect others

Median: 7.1 days
IQR: (5.7, 8.5) days
95%: (2.5, 11.6) days

Derived from

(9]

Symptomatic period
(symptomatic cases,
days)

Time after onset of
symptoms until no
longer symptomatic

Fp=910 = 14.7)
Median: 8.6 days

IQR: (6.3, 11.3) days
95%: (3.2, 18.0) days

Derivation from
[10] based on
moment
matching
distributions in
[11]
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detection rate, p

symptomatic
individuals intending to
travel who are either
screened out at point
of departure or
self-select out of
travelling

Fraction of currently Proportion of 0.44 Derived from
symptomatic travellers, | ever-symptomatic simulation of
13 infections symptomatic travellers

at intended departure

time
Syndromic screening Proportion of 0.7 Derived from

[12]

Infectious period
(asymptomatic cases,
days)

Duration of period in
which case is able to
infect others

(e =60" =12
Median: 5.3 days
IQR: (3.5, 7.8) days
95%: (1.2, 14.4) days

Assumption
based on [13]

negative PCR test
given no infection with
SARS-CoV-2.

PCR sensitivity for Probability of testing P(t) Penalised
symptomatic infections | PCR positive t days B-spline fit to
(Figure S1A) after infection, if data in [5]
infection is
symptomatic
PCR specificity Probability of a 1 Assumption

consistent with
[14]

Asymptomatic fraction,
o

Proportion of infections
which are
asymptomatic.

Beta(1.9, 6.3)
Median: 0.21
IQR: (0.12, 0.32)
95%: (0.03, 0.55)

Derived from
quantile
matching, 95%:
(0.03, 0.55) [4]

PCR sensitivity for
asymptomatic
infections

Probability of testing
PCR positive t days
after infection, if
infection is
asymptomatic

0.62 * P(t)

Scaling factor
derived from
[15]

According to He et al. (2020) infectiousness of symptomatic cases begins
(95%: (5.9, 17) days) prior to the onset of symptoms and peaks at onset

up to 12.3 days
of symptoms (0

days, 95%: -0.9, 0.9 days) [8,16]. We sampled this pre-symptomatic infectious period
duration to derive the time from exposure to infectiousness by matching the quantiles of the
distribution of time to onset of symptoms to the quantiles of the distribution of infectiousness
lead times for each traveller, preserving order, ensuring that no time to infectiousness occurs
before exposure. The duration of the infectious period for symptomatic cases was derived
from the data of Wolfel et al. (2020) [9] by fitting a Binomial GAM with P-splines to determine
the probability of no longer being infectious as a function of days since onset of symptoms.
The time to non-infectiousness is sampled from the fited GAM, which has range (0,1), by
the inverse transform method [17].
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Figure S1 - A. Traveller PCR sensitivity curves, obtained by fitting a Binomial GAM to the data collated in Kucirka
et al. (2020) [5] The mean fit is used as the time-varying sensitivity function, P(t), and hence no uncertainty is
shown in the figure. B. Distributions of times to clinically relevant events, namely time from exposure to start and
end, and duration, of symptoms for symptomatic infections (dark green), and infectiousness for both symptomatic
and asymptomatic (light green) infections. Times greater than 30 days are collapsed to a single “30+” bin.

Results

As a baseline for comparison, we use the lowest stringency scenario considered: 70% of
currently symptomatic travellers are prevented from boarding, but no quarantine or testing is
conducted. In this scenario, between 2 and 12 (EU), and 3 and 24 (USA) infectious travellers
would enter the community (Figure S2A, low, no testing). By introducing a mandatory
quarantine period of 7 days, this can be reduced to 0 to 3 infectious persons per week from
the EU and 0 to 4 from the USA (Figure S2A, Mod.), preventing approximately 80% of
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travellers from entering the community while being infectious (Rate Ratios, median and 95%
Ul: EU: 0.18 (0.00, 0.42), USA: 0.18 (0.10, 0.27)). A mandatory quarantine period of 14 days
resulted in O to 1 infectious entries per week each from the EU and USA (Figure S2A, Max.),
an almost completely effective reduction (RR: EU: 0.00 (0.00, 0.01), USA: 0.01 (0.00, 0.04)).
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Figure S2: A. Expected number of infectious and pre-infectious persons free to enter the UK from the EU and
USA based on observed travel volumes in each of the scenarios and how long they spend in quarantine before
release, with no pre-flight testing. B. Total person-days of infectiousness remaining after release, based on
observed travel volumes. We assume that test results are delayed by 1 day and hence persons leave quarantine
1 day after their final test. Central bar = median; light bar = 95% uncertainty interval; dark bar = 50% uncertainty
interval.
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Figure S4 - Per-infected traveller reduction in risk given by each strategy in comparison to a baseline of a 0 day
quarantine on arrival with no testing, considering either no pre-flight testing, or pre-flight testing 1, 4 or 7 days
prior to departure. We assume that test results are delayed by 1 day and hence persons leave quarantine 1 day
after their second test. Central bar = median; light bar = 95% uncertainty interval; dark bar = 50% uncertainty
interval. Product of 1000 infected arrivals and 1000 simulations per scenario.Persons showing symptoms at
departure were assumed to be prevented from travel, and post-infectious persons were assumed to not carry any



risk of seeding transmission. We assume that test results are delayed by 1 day and hence persons leave
self-isolation 1 day after their final test. Central bar = median; light bar = 95% uncertainty interval; dark bar = 50%
uncertainty interval.
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Figure S5 - As for Figure S3 but stratified on whether infection is asymptomatic or presymptomatic.
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Figure S6 - Per-infected traveller reduction in risk given by each strategy in comparison to a baseline of a 14 day
quarantine on arrival with no testing. We assume that test results are delayed by 1 day and hence persons leave
quarantine 1 day after their final test. Central bar = median; light bar = 95% uncertainty interval; dark bar = 50%
uncertainty interval. Product of 1000 infected arrivals and 1000 simulations per scenario.
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