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Routine asymptomatic testing strategies for airline travel
during the COVID-19 pandemic: a simulation study

Mathew V Kiang, Elizabeth T Chin, Benjamin Q Huynh, Lloyd A C Chapman, Isabel Rodriguez-Barraquer, Bryan Greenhouse, George W Rutherford,
Kirsten Bibbins-Domingo, Diane Havlir, Sanjay Basu, Nathan C Lo

Summary

Background Routine viral testing strategies for SARS-CoV-2 infection might facilitate safe airline travel during the
COVID-19 pandemic and mitigate global spread of the virus. However, the effectiveness of these test-and-travel
strategies to reduce passenger risk of SARS-CoV-2 infection and population-level transmission remains unknown.

Methods In this simulation study, we developed a microsimulation of SARS-CoV-2 transmission in a cohort of
100000 US domestic airline travellers using publicly available data on COVID-19 clinical cases and published natural
history parameters to assign individuals one of five health states of susceptible to infection, latent period, early
infection, late infection, or recovered. We estimated a per-day risk of infection with SARS-CoV-2 corresponding to a
daily incidence of 150 infections per 100000 people. We assessed five testing strategies: (1) anterior nasal PCR test
within 3 days of departure, (2) PCR within 3 days of departure and 5 days after arrival, (3) rapid antigen test on the day
of travel (assuming 90% of the sensitivity of PCR during active infection), (4) rapid antigen test on the day of travel and
PCR test 5 days after arrival, and (5) PCR test 5 days after arrival. Strategies 2 and 4 included a 5-day quarantine after
arrival. The travel period was defined as 3 days before travel to 2 weeks after travel. Under each scenario, individuals
who tested positive before travel were not permitted to travel. The primary study outcome was cumulative number of
infectious days in the cohort over the travel period without isolation or quarantine (population-level transmission risk),
and the key secondary outcome was the number of infectious people detected on the day of travel (passenger risk of
infection).

Findings We estimated that in a cohort of 100000 airline travellers, in a scenario with no testing or screening, there
would be 8357 (95% uncertainty interval 6144-12831) infectious days with 649 (505-950) actively infectious passengers
on the day of travel. The pre-travel PCR test reduced the number of infectious days from 8357 to 5401 (3917-8677), a
reduction of 36% (29-41) compared with the base case, and identified 569 (88% [76-92]) of 649 actively infectious
travellers on the day of flight; the addition of post-travel quarantine and PCR reduced the number of infectious days to
2520 days (1849-4158), a reduction of 70% (64-75) compared with the base case. The rapid antigen test on the day of
travel reduced the number of infectious days to 5674 (4126-9081), a reduction of 32% (26-38) compared with the base
case, and identified 560 (86% [83-89]) actively infectious travellers; the addition of post-travel quarantine and PCR
reduced the number of infectious days to 3124 (2356—495), a reduction of 63% (58—66) compared with the base case. The
post-travel PCR alone reduced the number of infectious days to 4851 (3714-7679), a reduction of 42% (35-49) compared
with the base case.

Interpretation Routine asymptomatic testing for SARS-CoV-2 before travel can be an effective strategy to reduce passenger
risk of infection during travel, although abbreviated quarantine with post-travel testing is probably needed to reduce
population-level transmission due to importation of infection when travelling from a high to low incidence setting.

Funding University of California, San Francisco.

Copyright © 2021 Elsevier Lid. All rights reserved.

Introduction

The COVID-19 pandemic has substantially changed
daily life for people and reduced global travel. Since the
first report of a cluster of cases of pneumonia, later
identified as a novel coronavirus, in Wuhan, China, on
Dec 31, 2019, the causative virus SARS-CoV-2 has spread
globally with an unprecedented number of cases and
deaths.' The principal public health strategies have been
the implementation of universal use of facemasks,
physical distancing interventions aimed at reducing the
number of social interactions, and test-and-isolate
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strategies to slow the spread of the virus.? During the
pandemic period of 2020 to early 2021, domestic and
international airline travel has been reduced globally by
over 80%, as estimated by the US Transportation
Security Administration.’ The decrease in airline travel
is due to multiple causes, including personal choice to
minimise risk of infection, governmental and employer
policies enforcing travel restrictions or quarantine
requirements, cancellation of professional and social
events requiring travel, and other motivations for
reducing travel.’
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Research in context

Evidence before this study

We searched PubMed for relevant articles in English, published
since database inception, on Jan 23, 2021, using the search
terms (“air"[Title/Abstract] OR “travel”[Title/Abstract]) AND
("COVID-19"[Title/Abstract] OR “SARS-CoV-2"[Title/Abstract])
AND (“screen”[Title/Abstract] OR “test*”[Title/Abstract])

AND (“strategy”[Title/Abstract] OR “model*"[Title/Abstract]
OR “simulate”[Title/Abstract]). We identified 116 articles.

We found one article that discussed risk of international
importation of infections during the early COVID-19 pandemic.
We also identified modelling work on testing and quarantine
strategies that found shorter quarantine periods with testing to
have similar effectiveness to standard 14 day quarantines, and
variable benefit of different approaches of pre-travel testing.

Added value of this study

We analysed routine viral testing strategies to reduce
individual-level and population-level risk of COVID-19
associated with airline travel. We used a large-scale computer
simulation to provide a comprehensive comparison of possible
SARS-CoV-2 testing and quarantine strategies to facilitate safe
airline travel. We found that pre-travel testing strategies,
including same-day rapid antigen testing and pre-travel

PCR testing (within 3 days before departure) reduced the

risk of infection and transmission of SARS-CoV-2 associated
with travelling. Notably, the strategy of a rapid antigen test on
the day of travel gave similar results to the pre-travel PCR test

Asymptomatic viral testing strategies for SARS-CoV-2
could facilitate safe airline travel through reduction
of passenger risk of infection and population-level
risk from importation of infection due to travel. An
estimated 30—40% of people infected with SARS-CoV-2
are asymptomatic and do not know about their infection,
and this population contributes to a large proportion
of new cases and transmissions.** A strategy of routine
viral testing during travel has two possible applications:
reduction in passenger risk of infection in the airport or
on aeroplanes by detecting passengers who are infected
and preventing their travel, and reduction in the
number of importations of infections to a new city,
hence reducing the effect of travel on population-level
transmission risk. As of January, 2021, the mainstay
strategy in most countries has been to avoid travelling
altogether, although this strategy is likely to change over
time, especially as vaccination programmes become
more prevalent. Some travellers might elect for testing
before travel, as has started to be offered by some
airlines,® whereas others might prefer to be tested upon
arrival at their destination. In other situations, travellers
might elect or be required to quarantine upon arrival in
the absence of testing. In late 2020, the US Centers
for Disease Control and Prevention (CDC) released
recommendations for asymptomatic testing for SARS-
CoV-2 including getting tested 1-3 days before a flight,

strategy (when assuming performance characteristics for the
rapid antigen test have 90% of the sensitivity of PCR during the
active infection period), which is different from current national
guidance in the USA. We examined the addition of PCR testing
5 days after arrival and found that this reduced the overall
number of infectious days during the travel period, providing a
larger population-level effect through reduced importation of
infections. This post-travel quarantine period is shorter than
most policy recommendation. The relative benefit of post-
travel testing was related to the incidence of the destination
city, with largest benefit when travelling from high to low
incidence settings.

Implications of all evidence available

Our findings suggest that test-and-travel strategies for
SARS-CoV-2 infection will probably improve the safety of airline
travel and could be a public health tool to reduce importation
of infections into low incidence settings. Governmental policies
and airlines should consider inclusion of rapid antigen tests for
pre-travel testing and abbreviated 5-day quarantine periods
with PCR testing to balance effectiveness of test-and-

travel strategies with logistical considerations. All testing
strategies were imperfect and should be viewed as a tool

to be used alongside physical distancing, universal

wearing of facemasks, and other infection control

measures during travel.

and getting tested 3-5 days after travel with a post-travel
quarantine period of 7-10 days.

To design routine testing strategies to minimise
passenger and population risk of SARS-CoV-2 infection
associated with travel, many factors must be taken into
consideration. Testing strategies designed to minimise
passenger risk of infection will focus on pre-travel
testing, whereas strategies designed to reduce popu-
lation-level transmission will include both pre-travel and
post-travel testing. The choices of test could include PCR
tests, the current diagnostic gold-standard, which have
very high sensitivity but slow turnaround time; or rapid
tests (either antigen or nucleic acid based) that have a
fast turnaround time (<30 min) and have been shown to
have good sensitivity to detect infection during the most
infectious period, although this sensitivity is variable
between manufacturers. Testing strategies might also
require enforcement by airlines and governmental
policy.

Domestic and international airline travel is likely to
increase over time compared with the low numbers seen
during 2020, and the emergence of new and more
transmissible lineages of SARS-CoV-2, such as B.117,
all motivate investigation into how routine testing could
minimise the risk of infection with or transmission of
SARS-CoV-2 during airline travel.® The goal of this study
was to estimate the effectiveness of test-and-travel strategies.

www.thelancet.com/infection Vol 21 July 2021
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Methods

Study design and model design

In this simulation study, we developed a microsimulation
model of SARS-CoV-2 transmission to identify the
optimal testing strategy to detect airline travellers who are
infectious before travel or soon after arrival at their
destination with similar structure to previous models of
SARS-CoV-2 transmission.” We simulated a population of
100000 individual US domestic airline travellers over
their travel period, which was defined as the 3 days before
travel (when the earliest testing would take place), the day
of travel, and 2 weeks after arrival at their final destination.
This time horizon was chosen to fully capture the effect of
all testing strategies on both individual passenger risk
and population-level risk of travel.

Each traveller was assigned a single health state at a
given point in time from one of five states that included:
susceptible to infection (non-immune), latent period,
early infectious period (the pre-symptomatic infectious
period), late infectious period (symptomatic infectious
period, if symptomatic), or recovered (with immunity).
The early and late infectious states were further separated
into those experiencing subclinical infection or clinical
disease. We assumed a mean infectious duration of
5 days.*" We used a static infection model, meaning each
individual had a fixed probability of being infected on
each day, with an increased risk during the day of travel.*"
We estimated a per-day risk of infection with SARS-CoV-2
corresponding to a daily incidence of 150 infections per
100000 people, which is representative of the incidence
observed in many US states as of Jan 31, 2021
(appendix p 8). We simulated new infections starting
2 months before travel to allow the model to reach
equilibrium; we counted the number of infectious days
over the travel period to include any infections related to
travel. We assumed a two-times increased risk of
infection on the day of travel on the basis of the number
of social interactions in the airport or on the aeroplane
and in the published literature, including with airport
employees without daily testing.*" We did not explicitly
account for differences in duration of airflight travel
given the paucity of scientific literature to inform
differential risk, and modelled only one-way travel for an
average flight.

We accounted for a number of unique features of the
natural history of SARS-CoV-2 infection and COVID-19
disease, including the latent and infectious periods,
proportion of infections that are subclinical (which are
often asymptomatic), presymptomatic transmission, and
severity of illness (appendix p 5).**”™ We included a
modest baseline seropositive (and immune) fraction in
the population in the model on the basis of estimates
in the general US population (appendix p 7).” More
details on the model structure and parameters are in
the appendix (pp 3-9), published code, and previous
publication.” The simulation analysis was programmed
in R (version 40.2).
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Simulation of testing strategies

We assessed five viral testing strategies of airline
travellers around the time of travel: (1) anterior nasal
PCR test within 3 days of departure, meaning travellers
were tested 2-3 days before the day of travel; (2) PCR
test within 3 days of departure and PCR test on day 5
after arrival, with 5 days of quarantine upon arrival;
(3) rapid antigen test on the day of travel; (4) rapid
antigen test on the day of travel and PCR test on day 5
after arrival, with 5 days of quarantine upon arrival; and
(5) PCR test 5 days after arrival. We did a base case
analysis with no testing or quarantine for comparison
with these strategies. These strategies were chosen on
the basis of informal consultations with experts,
guidance from the CDC,* and US state policies. Notably,
the testing strategies differentially affect the passenger
risk of infection while travelling (strategies 1-4) versus
decreasing population-level transmission risk from
importation of new infections to a destination city
(strategies 2, 4, and 5).

We assumed some non-adherence to public health
guidance, including that 20% of people with symptoms
compatible with COVID-19 would attempt to travel
and that only 80% of people would complete the recom-
mended quarantine period.” We assumed that travellers
who tested positive did not travel, because this would be
enforceable. In all strategies, people who tested positive
for SARS-CoV-2 were isolated following national
guidance. We did not include any self-quarantine require-
ments for pre-travel-only testing strategies (strategies 1
and 3).

We used published scientific literature on the sensitivity
and specificity of rapid antigen tests and PCR tests for
SARS-CoV-2, incorporating time-varying estimates of
sensitivity based on time since exposure.” On the basis of
published data from two studies on PCR sensitivity over
time, we assumed PCR tests to have sensitivity of 80-95%
during the first 2 weeks after exposure, with a peak in
sensitivity by day 7 (following the viral kinetics over time
within individuals; a curve of test sensitivity over time is
in the appendix [p 9]), and a specificity of 99-5-100%
(with a mean of 99-8%).”® We assumed a 1-day
turnaround time for PCR tests. People were assumed to
be detectable by PCR for up to 2 weeks after no longer
being infectious.” For rapid antigen tests, wide variation
exists in the sensitivity and specificity of assays. We
assumed the rapid antigen tests had the sensitivity and
specificity of the Abbot BinaxNOW COVID-19 Ag Card
on the basis of available literature to support a sensitivity
0f 90% relative to PCR tests (during periods of high viral
loads compatible with infectiousness) and specificity
of 99-5-100% (with a mean of 99-8%).” Other rapid
testing platforms have variable sensitivity and specificity
(including some with <50% sensitivity compared with
PCR tests).”*

We ran each strategy simulation 3000 times,
and calculated the mean and 95% uncertainty

See Online for appendix

For the GitHub repository of
published code see github.com/

mkiang/airline_testing_
strategies


github.com/mkiang/airline_testing_strategies
github.com/mkiang/airline_testing_strategies
github.com/mkiang/airline_testing_strategies
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Figure 1: Predicted number of cumulative SARS-CoV-2 infectious days over the travel period under different test-and-travel strategies
Estimated number of cumulative infectious days without isolation (y axis) over time for each test-and-travel strategy. The x axis shows the time over the
simulation (in days) relative to the day of travel (vertical dashed line). Solid lines show the mean and shaded areas the 95% Ul across 3000 simulations.

Ul=uncertainty interval.

interval (UI) for each outcome. 95% Uls are
the 2-5th to 97-5th percentile values across all
simulations.

Outcomes

The primary outcome for each testing strategy was the
cumulative number of infectious days in the cohort over
the travel period without isolation or quarantine,
referred to as cumulative infectious days.” This outcome
is most relevant for population-level risk of transmission
and was selected on the basis of the public health goal
of reducing overall transmission. In strategies with
pre-travel and post-travel testing, we estimated the
attributable effect of each test separately on this
outcome.

The key secondary outcomes was number of infectious
travellers with SARS-CoV-2 detected on the day of travel,
which is most relevant for passenger risk of infection
during travel and for the airlines whose goal is to
minimise transmission at the airport and during airflight
travel. The other secondary outcome was the ratio of false
positives to true positives for each testing strategy and
infection incidence.

Scenario and sensitivity analyses

We did several scenario analyses to further test our
strategies. We examined pre-travel PCR testing 2, 5, and
7 days before travel for strategies 1 and 2 and also
post-travel quarantine extended to 7 and 14 days with
testing on day 5 for strategies 2 and 4. We also examined
study outcomes in relation to the SARS-CoV-2 infection
incidence in the destination city. To examine the effect of
each testing strategy when travelling from a high to
relatively lower incidence city, we calculated the ratio of
cumulative infectious days in an origin city relative to a
destination city under different SARS-CoV-2 infection
incidence and under different testing strategies. We
estimated the ratio of false positive to true positive test
results under different baseline SARS-CoV-2 infection
incidence settings.

We did sensitivity analyses to measure the effect of
varying individual and multiple model parameters on
the study findings. We varied individual model inputs
including natural history parameters for SARS-CoV-2
such as duration of infectiousness, subclinical fraction,
day-of-travel relative risk of infection, test sensitivity and
specificity, daily infection incidence, adherence to testing

www.thelancet.com/infection Vol 21 July 2021
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isolation or quarantine

Cumulative infectious days without

Ratio of false
positives to true
positives (base
case incidence)

Infectious people identified on day
of travel (N=649)

Absolute number

Relative reduction

Absolute number  Proportion

No testing, no screening
PCR test within 3 days of departure 5401 (3917-8677)

PCRtest within 3 days of departure and PCR test 2520 (1849-4158)

within 5 days after arrival*
5674 (4126-9081)
3124 (2356-4950)

Rapid antigen testing on day of travel

Rapid antigen testing on day of travel and PCR test
within 5 days after arrival*

PCR test within 5 days after arrivalt 4851 (3714-7679)

post-travel testing so does not detect any infected passengers before travelling.

8357 (6144-12831) NA
36% (29-41)
70% (64-75)

32% (26-38)
63% (58-66)

42% (35-49)

Data are mean with 95% uncertainty intervals in parentheses. All relative reductions are relative to the base case of no testing, no screening strategy. All testing strategies
assume 80% of symptomatic passengers will not travel. NA=not applicable. *These strategies include a 5-day quarantine period upon arrival. TThe strategy has only

0 NA NA
569 (459-749)  88% (76-92) 0-09 (0-01-0-17)
569 (459-749)  88% (76-92) 0-13 (0-02-0-25)

560 (444-806)
560 (444-806)

86% (83-89)
86% (83-89)

0-16 (0-02-0-32)
0-21 (0:03-0-42)

0-11(0-01-0-22)

Table: Effectiveness of test-and-travel strategies on study outcomes

and quarantine. Specifically, we did a sensitivity analysis
in which the daily risk of infection was varied from
five to 500 daily infections per 100000 people. Because
uncertainty and variation in the risk of SARS-CoV-2
infection occurs during travel, we varied this relative risk
widely in sensitivity analysis, from a scenario with no
increased risk (due to pre-departure testing, adequate
ventilation, physical distancing, and the wearing of
facemasks) to a ten-times higher risk.*” We also modelled
risk of infection on the day of travel that depended on
whether pre-departure testing was done, which would
reduce the number of infectious people in the airport and
affect transmission dynamics.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results
In a cohort of 100000 airline travellers with a baseline daily
incidence of 150 infections per 100000 population, the
model predicted 649 (95% UI 505-950; 0-6%) people
would be actively infectious on the day of travel in
the absence of testing or any symptom screening.
An estimated 195 (141-284; 30%) of 649 infectious
individuals would have subclinical infections. Over
the travel period, under this no testing scenario,
we estimated a total of 8357 (6144-12 831) infectious days.
For our first strategy, we estimated that anterior nasal
PCR testing within 3 days of departure would reduce
the total number of infectious days in the cohort
by 36% (29-41) to 5401 (3917-8677) infectious days over
the travel period (figure 1), and 2460 positive travellers
(2247-2687; defined as having any positive test) would be
identified in our cohort. In this strategy, the number of
actively infectious individuals identified on the day of
travel would be 569 (95% UI 459-749), corresponding to

www.thelancet.com/infection Vol 21 July 2021
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Figure 2: Ratio of false positive to true positive test results for test-and-travel strategies under different

baseline SARS-CoV-2 infection incidence settings

Datapoints are mean and the vertical lines show 95% uncertainty intervals. The x axis shows SARS-CoV-2 infection

incidence, including asymptomatic cases (daily cases per 100 000 people). The y axis shows the ratio of false

positives to true positives, where higher numbers correspond to a higher number of false positives.

identification of 88% (76-92) of all infectious travellers
(table). At the assumed incidence of 150 daily infections
per 100000 people and test specificity of 99-8%, there
were 205 (31-397) false positives.

For our second strategy of anterior nasal PCR testing
within 3 days of departure and PCR testing 5 days after
arrival with quarantine for 5 days, the total number of
infectious days in the cohort was reduced by 70% (64-75)
to 2520 (1849-4158) infectious days over the travel
period (table). Approximately 50-6% of the reduction in
infectious days was attributable to the pre-travel PCR and
49-4% was attributable to the post-travel PCR test and
quarantine. This strategy identified 3455 positive travellers
(3024-3927), and the number of actively infectious
travellers identified on the day of travel was 569 (459-749),
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Figure 3: Change in population-level transmission of SARS-CoV-2 between origin and destination cities for airline travellers at various infection incidences by

test-and-travel strategy

For each strategy, we calculated the ratio of cumulative infectious days in an origin city relative to a destination city under different assumptions of SARS-CoV-2
infection incidence for both locations. The ratio is represented by the coloured boxes, where boxes in darker reds are high ratios (corresponding to higher importation
risk) and yellow is lower ratios (corresponding to lower importation risk). The white boxes represent scenarios where the ratio is less than one, meaning travellers are
moving from a low to high incidence city (corresponding to minimal relative importation risk). Test-and-travel strategies had the largest effect when they reduced
the ratio of cumulative infectious days compared with base case (no testing), as shown by a shift from darker colour to lighter colour for a given incidence scenario.

corresponding to identification of 88% (76-92) of all
infectious travellers, which is the same as the pre-travel
testing strategy. There were an estimated 410 (64-790)
false positives.

For our third strategy, we estimated that the use of a
rapid antigen test on the day of travel would reduce
the total number of infectious days in the cohort
by 32% (26-38) to 5674 (4126-9081) infectious days over
the travel period (table). This strategy identified
1423 positive travellers (1227-1625), and the number of
actively infectious travellers identified on the day of travel
would be 560 (444-806), corresponding to identification
of 86% (83-89) of all infectious travellers. There were an
estimated 205 (31-401) false positives.

For our fourth strategy, we estimated that a rapid antigen
test on the day of travel and PCR testing 5 days after arrival

with quarantine for 5 days would reduce the total number
of infectious days in the cohort by 63% (58-66) to
3124 (2356-4950) infectious days over the travel period
(table), with approximately 51-3% attributable to the rapid
antigen test and 48-7% attributable to the post-travel PCR
test and quarantine. This strategy identified 2260 positive
travellers (1839-2729). On the day of travel, the rapid
antigen test identified 560 (444-806) actively infectious
travellers, corresponding to identification of 86% (83-89)
of all infectious traveller, which is the same as the pre-
travel testing strategy. There were an estimated 410 (63-795)
false positives.

For our fifth strategy, we estimated that anterior nasal
PCR testing 5 days after arrival would reduce the total
number of infectious days in the cohort by 42% (35-49)
to 4851 (3714-7679) infectious days over the travel period

www.thelancet.com/infection Vol 21 July 2021



Articles

(table). This strategy identified 1959 positive travellers
(1727-2199). There were an estimated 205 (22-398) false
positives.

We did additional scenario analyses. The ratio of false
positives to true positives for each strategy varied
from 6 to 0-04 depending on the testing strategy and
baseline infection incidence (figure 2). We simulated
strategies 1 and 2 under varying pre-travel PCR testing
schedules, and found that the number of actively
infectious travellers on the day of travel was reduced
by 91% (86-94) if the test was done 2 days before
travel, 67% (48-80) if it was done 5 days before travel,
and 39% (26-57) if it was done 7 days before
travel (appendix p 19). We assessed extending the post-
travel quarantine period from 5 days to 7-14 days in
strategies 2 and 4, which provided little additional benefit
(appendix p 20). In a destination city with a higher
incidence (250 daily infections per 100000 people), post-
travel testing strategies provided moderate relative
reductions in SARS-CoV-2 infections; by contrast, in a
destination city with a low incidence (50 daily infections
per 100000 people), the post-travel testing strategies
provided a large relative reduction in infections
(figure 3).

In sensitivity analysis, we varied single model inputs to
determine their effect on study findings. Varying the
proportion of people who had subclinical infection
did not substantially change the study results (appendix
p 18). Running the simulation assuming a lower sensitivity
of tests reduced the proportion of infectious travellers
identified and the number of infectious days averted,
while lower specificity of tests increased the number of
positive tests and proportion of false positives (appendix
pp 13-14). A higher incidence of SARS-CoV-2 infections
increased the absolute effectiveness of all testing strategies
with a higher number of averted infectious days (figure 4).
When modelling scenarios with varying relative risk of
infection, from no increased risk up to a ten-times
increased risk of infection during the day of travel, or
modelling this risk as dependent on pre-travel testing, we
found minimal changes across all relative risk scenarios,
but a scenario with a ten-times increased risk of infection
would slightly favour addition of a post-travel quarantine
and test strategy (appendix pp 12, 21). Low adherence to
the post-quarantine period decreased the reduction in
cumulative infectious days compared with the base case
analysis (appendix p 17).

Discussion

We found that test-and-travel strategies for SARS-CoV-2
infection that apply routine viral testing around airline
travel can reduce both the passenger risk of infection and
population-level transmission risk of SARS-CoV-2 during
travel. We found that both pre-travel testing with a rapid
antigen test on the day of travel or PCR testing
within 3 days before departure could reduce the risk of
SARS-CoV-2 transmission during travel, with the
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Figure 4: Effect of pre-travel testing strategies on the absolute number of
travellers with active SARS-CoV-2 infection

Mean number of total actively infectious people on the day of travel in the
cohort of 100 000 (y axis) under each pre-travel testing strategy. We varied the
baseline SARS-CoV-2 infection incidence (x axis) from 5 to 500 daily infections
per 100 000 people. The y axis represents the mean and 95% uncertainty interval
across 3000 simulations.

majority of benefit being seen in other travellers
who might otherwise have become infected. We found
that the addition of post-travel testing and abbreviated
quarantine of 5 days could provide further benefit at
the public health level by reducing importation and
ongoing transmission in the destination city, especially if
travelling from high to low incidence settings. Overall,
our findings support that a test-and-travel strategy for
SARS-CoV-2 infection will likely improve the safety
of airline travel and could be incorporated into national
policy as a public health tool during the COVID-19
pandemic, alongside physical distancing, universal
wearing of facemasks, and other infection control
measures during travel.

We found that all test-and-travel strategies had some
benefit, and each had strengths and drawbacks. The
rapid antigen test had the advantage of timing because it
can be administered on the day of travel with immediate
turnaround, meaning the test is optimally timed to detect
an infectious individual before departure. Notably, rapid
tests (antigen and nucleic acid based) have highly variable
test sensitivity and specificity. In our study, we
parameterised the model, focusing on the Abbott
BinaxNOW based on available scientific literature or
comparable tests that have reasonably high sensitivity
(90% relative to PCR tests during the infectious period),
with peak sensitivity based on the viral dynamics during
the actively infectious period.”* Alternative rapid
testing platforms, such as loop-mediated isothermal
amplification assays, with similar test characteristics to
rapid antigen tests, are also viable options if available as
point-of-care tests.” Use of a PCR test within 3 days of
travel had the benefit of higher analytical sensitivity
because PCR remains the gold standard diagnostic tool,
but has the drawback of slower turnaround time than
rapid antigen tests, can be less convenient, and detects
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previous SARS-CoV-2 infections that are no longer
infectious. Because of the delay in turnaround, PCR tests
are likely to be done in the days before travel, and could
miss an individual who is not yet exposed to SARS-CoV-2
or who is exposed but has not yet become positive by viral
testing, which usually occurs around 3-7 days after
exposure.

In scenario analyses, we found that pre-travel testing
completed within 2-3 days of travel reduced the number
of actively infectious travellers on the day of travel with
greater success than with longer lead times of 5-7 days.
Both use of rapid antigen tests on the day of travel and of
PCR tests 2-3 days before the day of departure appeared
to have similar benefits for reducing the number of
infectious travellers, although same-day rapid antigen
tests are not recommended by CDC guidelines for pre-
travel testing purposes.” We also examined the addition
of a post-travel testing strategy with an abbreviated 5-day
quarantine period, which resulted in a greater reduction
in overall infectious days associated with travel compared
with the pre-travel and same-day testing strategies alone.

When interpreting the findings of our study, the public
health perspective (eg, destination city of travel) would
naturally focus on reducing population-level transmission
with a goal of reducing importation of infectious indi-
viduals and ongoing transmission, and the primary
outcome of reduction in infectious days would be most
relevant. From this perspective, the testing strategies that
include post-travel quarantine and PCR testing appear
more favourable, especially when travelling from high to
low incidence settings where importation of infection
poses substantial public health risk and, to a lesser
extent, those infected during travel. Notably, the strategy
with only post-travel testing did not identify people as
being infectious to prevent them from travelling.
Strategies with only pre-travel testing did not reduce the
number of total infectious days to as great an extent as
the other strategies. By contrast, if the focus of airlines is
to reduce passenger risk of infection during travel, as
measured by the proportion of infectious travellers
detected, the pre-travel testing strategies appear to be
favourable and efficient. Some actively infected travellers
were missed with these pre-travel testing strategies,
which was mostly related to imperfect test sensitivity and
people who were exposed during travel but not yet
detectable at the time of testing (in the case of PCR
testing 2—3 days before travel).

Although intuitively pre-travel testing should detect
infectious people, the key purpose of this study
was to provide estimates that could guide policy. Further
refinements could be made with consideration of
incidence of SARS-CoV-2 infection in the origin and
destination cities to influence testing requirements, such
as when travelling from a high to low incidence city. The
population of travellers might also be younger on average
than the general population, meaning a potentially larger
proportion of subclinical infections, increasing the

benefit of routine viral testing strategies.** Notably
all strategies missed a sizable proportion of infected
individuals, and test-and-travel strategies overall should
be viewed as a risk mitigation control strategy that should
be adopted in combination with physical distancing,
universal wearing of facemasks, and other infection
control measures when airline travel is essential.’

Although the test-and-travel strategies identified a
large number of the actively infectious travellers in our
simulations, the testing strategies also resulted in a
large number of positive tests in travellers who were
not infectious, including false positive results due
to imperfect specificity of the test, and people who
were previously infected and will test positive for up to
2—4 weeks after exposure but are no longer infectious
(most relevant for PCR).” The implication of this result
means that some passengers will be unable to travel
despite not being infectious or a risk to other passengers,
and this finding is consistent with some international
travel requirements.’

Our findings are supported by studies that have
examined the effectiveness of asymptomatic testing
strategies for COVID-19 to detect cases and reduce
overall transmission.”” These studies similarly found
that a delayed turnaround time in testing substantially
reduced the effectiveness of test-and-travel strategies.
Modelling studies have found that post-travel quarantine
periods with testing could potentially be shortened
compared with the standard 14 days with similar
effectiveness®” and they identified variable benefits of
different approaches of pre-travel testing.”*

Our findings should be interpreted within the context
of the limitations of the data and model assumptions.
Key uncertainties remain in the natural history of
COVID-19, heterogeneity in transmission, and variation
in diagnostic test accuracy and quality that we simplified
in this modelling analysis. We assumed a high degree of
participation in testing and quarantine programmes that
would require enforcement by the airline or governmental
policy (eg, verification before entry into the airport), and
perfect self-isolation of those who test positive. The
pre-travel testing at airports could potentially expose
individuals to heightened risk of infection, but this was
not included. We further assumed that most people who
are symptomatic do not travel because they are following
current guidance; if this assumption is not true, then
routine testing strategies become more important. We
included a higher risk of infection during the day of
travel, although this risk is uncertain and probably varies
substantially, including due to so-called superspreader
events.*” We did not include a dynamic transmission
model. We assumed all flights had similar associated
risks, despite variation in the number of passengers and
duration of flights. Routine test-and-travel strategies for
asymptomatic individuals would require considerable
resources, coordination, guidelines, and ongoing parti-
cipation of airlines and travellers. Airline travellers will
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likely bear the cost of routine testing (often US$100),
although airlines or the government could provide
subsidies; we did not account for costing in this analysis.
Finally, our analysis did not address how vaccination
affects testing strategies.

In summary, our findings support adoption of testing
strategies for SARS-CoV-2 in asymptomatic airline
passengers to reduce the risk of infection from travel
during the pandemic.
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