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Abstract 

Background: Airline travel has been significantly reduced during the COVID-19 pandemic due 

to concern for individual risk of SARS-CoV-2 infection and population-level transmission risk 

from importation. Routine viral testing strategies for COVID-19 may facilitate safe airline travel 

through reduction of individual and/or population-level risk, although the effectiveness and 

optimal design of these “test-and-travel” strategies remain unclear.  

 

Methods: We developed a microsimulation of SARS-CoV-2 transmission in a cohort of airline 

travelers to evaluate the effectiveness of various testing strategies to reduce individual risk of 

infection and population-level risk of transmission. We evaluated five testing strategies in 

asymptomatic passengers: i) anterior nasal polymerase chain reaction (PCR) within 3 days of 

departure; ii) PCR within 3 days of departure and PCR 5 days after arrival; iii) rapid antigen test 

on the day of travel (assuming 90% of the sensitivity of PCR during active infection); iv) rapid 

antigen test on the day of travel and PCR 5 days after arrival; and v) PCR within 3 days of arrival 

alone. The travel period was defined as three days prior to the day of travel and two weeks 

following the day of travel, and we assumed passengers followed guidance on mask wearing 

during this period. The primary study outcome was cumulative number of infectious days in the 

cohort over the travel period (population-level transmission risk); the secondary outcome was the 

proportion of infectious persons detected on the day of travel (individual-level risk of infection). 

Sensitivity analyses were conducted.  

 

Findings: Assuming a community SARS-CoV-2 incidence of 50 daily infections, we estimated 

that in a cohort of 100,000 airline travelers followed over the travel period, there would be a total 
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of 2,796 (95% UI: 2,031, 4,336) infectious days with 229 (95% UI: 170, 336) actively infectious 

passengers on the day of travel. The pre-travel PCR test (within 3 days prior to departure) 

reduced the number of infectious days by 35% (95% UI: 27, 42) and identified 88% (95% UI: 

76, 94) of the actively infectious travelers on the day of flight; the addition of PCR 5 days after 

arrival reduced the number of infectious days by 79% (95% UI: 71, 84). The rapid antigen test 

on the day of travel reduced the number of infectious days by 32% (95% UI: 25, 39) and 

identified 87% (95% UI: 81, 92) of the actively infectious travelers; the addition of PCR 5 days 

after arrival reduced the number of infectious days by 70% (95% UI: 65, 75). The post-travel 

PCR test alone (within 3 days of landing) reduced the number of infectious days by 42% (95% 

UI: 31, 51). The ratio of true positives to false positives varied with the incidence of infection. 

The overall study conclusions were robust in sensitivity analysis.  

 

Interpretation: Routine asymptomatic testing for COVID-19 prior to travel can be an effective 

strategy to reduce individual risk of COVID-19 infection during travel, although post-travel 

testing with abbreviated quarantine is likely needed to reduce population-level transmission due 

to importation of infection when traveling from a high to low incidence setting.  

 

Funding: University of California, San Francisco  
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Introduction  

The COVID-19 pandemic has dramatically changed daily life for people and reduced global 

travel.
1
 Since the first report of a novel coronavirus in Wuhan, China on December 31, 2019, the 

causative virus SARS-CoV-2 has spread globally with an unprecedented number of cases and 

deaths.
2
 The principal public health strategy has been the implementation of universal masking 

and social distancing interventions aimed at reducing the number of social interactions to slow 

the spread of the virus.
3-5

 The approach of social distancing has effectively resulted in the closure 

of businesses, workplaces, schools, and other public venues. Due to these recommendations and 

closure of national borders in an attempt to curb the spread, domestic and international airline 

travel has been dramatically reduced by over 80% in the year following the report of the original 

outbreak.
6-8

 The decrease in airflight travel is likely due to multiple etiologies including personal 

choice to minimize the risk of infection, governmental and employer policy enforcing travel 

restrictions or quarantine requirements, cancellation of professional and social events requiring 

travel, and other motivations for reducing travel.
6,7

  

 

Asymptomatic viral testing strategies for SARS-CoV-2 may facilitate safe airline travel through 

reduction of individual risk of infection and/or population-level risk from importation of 

infection related to travel. Up to 50% of persons with SARS-CoV-2 infection are asymptomatic 

and do not know about their infection, and this population contributes a large proportion of new 

cases and transmission.
9
 The strategy of routine viral testing during travel has two possible 

applications: i) reduction in individual risk of infection in the airport/airplanes by detecting 

infected passengers and preventing their travel; and ii) reduction in the number of importations 

of infections to a new city, hence reducing the impact of travel on population-level transmission 
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risk. Currently, the mainstay strategy has been to avoid traveling altogether, although this is 

likely to change over time. The majority of persons in the United States who travel do so without 

testing or self-isolation requirements. Some travelers may elect for testing prior to travel or upon 

arrival, and in some cases airlines have begun to offer testing for SARS-CoV-2 prior to 

departure.
10

 In other cases, travelers may elect or be required to have a self-isolation period upon 

arrival in the absence of testing.
11

 Recently, the United States Centers for Disease Control and 

Prevention (CDC) released recommendations for asymptomatic testing for COVID-19 including 

getting tested 1-3 days before the flight, and tested 3-5 days after travel with a post-travel 

quarantine period.
12

 

 

There are many considerations for the design of routine testing strategies to minimize individual 

and/or population risk of COVID-19 associated with travel. Testing strategies designed to 

minimize individual-level risk will focus on pre-travel testing, while strategies designed to 

reduce population-level transmission will include both pre- and post-travel testing. The choices 

of test can include: i) polymerase chain reaction (PCR), the current diagnostic gold-standard, 

with very high sensitivity but slow turnaround time; or ii) rapid tests (either antigen or nucleic 

acid based) that are becoming increasingly available, have fast turnaround time (< 30 mins) and 

have been shown to have good (although variable between manufacturers) sensitivity to detect 

infection during their most infectious period.  

 

Domestic and international airline travel is likely to rise over time, although the optimal 

approach for a “test-and-travel” strategy and its effectiveness to minimize the risk of COVID-19 
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during airline travel remains unclear. The goal of this study was to identify the most effective 

“test-and-travel” protocol alongside universal masking to reduce the spread of COVID-19.  

 

Methods 

Model structure  

We extended a previously published microsimulation model of SARS-CoV-2 transmission to 

identify the optimal testing strategy to detect infectious airline travelers before travel or soon 

after arrival to their destination.
13

 We simulated a population of 100,000 individual United States 

domestic airline travelers over their travel period, including three days prior to travel (when the 

earliest testing would take place), the day of travel, and two weeks after arrival at their final 

destination. This time horizon was chosen to fully capture the impact of all testing strategies on 

both individual and population risk upon arrival. Each traveler was assigned a single health state 

at a given point in time from one of five states that included: being susceptible to infection (non-

immune), incubation period, early infectious (the pre-symptomatic infectious period), late 

infectious (symptomatic infectious period, if symptomatic), or recovered (with immunity). We 

assumed a mean infectious duration of five days.9,14 We used a static infection model, meaning 

each individual had a fixed probability of being infected each day, with a modestly increased risk 

during the travel period.
7,15,16

 We estimated a per-day risk of infection with SARS-CoV-2 

corresponding to a daily incidence of 50 infections per 100,000 persons, which is representative 

of the current incidence observed in many US states as of December 1, 2020 (Supplemental 

Materials).
17

 The daily risk of infection was varied in sensitivity analysis from 1 to 250 daily 

infections per 100,000 persons. We simulated new infections starting two months prior to travel 

and three days days after travel to simulate transmission around the travel period; we counted the 
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number of infectious days over the travel period, defined as three days before travel to two 

weeks after travel to include any infections related to travel. We assumed a 2-fold increased risk 

of infection on the day of travel, which is an assumption based on the number of social 

interactions in the airport/airplane and published literature, including with airport employees 

without daily testing.
7,15,16

 This assumption was varied in sensitivity analysis, including a 

scenario with no increased risk in the airport due to screening, ventilation, social distancing, and 

masking.
7,15,16

 We did not explicitly account for differences in duration of air-flight travel given 

paucity of literature to inform differential risk, and modeled only one-way travel. We accounted 

for a number of unique features of the natural history of COVID-19, including the incubation and 

infectious periods, proportion of sub-clinical (often asymptomatic) infection, pre-symptomatic 

transmission, and severity of illness (see Table 1).
14,18,19

 We did not include a baseline recovered 

fraction in the population in the model given low seroprevalence estimates in the general 

population.
20

 More details on the model structure and parameters are available in the 

Supplemenetal Materials, published code, and prior publication.
13,21

 

 

Simulation of testing strategies  

We evaluated five viral testing strategies of airline travelers around the time of travel, including: 

i) anterior nasal PCR within 3 days of departure, meaning passengers were tested 2-3 days prior 

to the day of travel; ii) PCR within 3 days of departure and PCR on day 5 after arrival with 5 

days of quarantine upon arrival; iii) rapid antigen test on the day of travel; iv) rapid antigen test 

on the day of travel and PCR on day 5 after arrival with 5 days of quarantine upon arrival; and v) 

PCR within 3 days of arrival, meaning passengers were tested 1-2 days after arrival. These 

strategies were chosen based on informal consultation with experts, recent guidance from the 
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United States Centers for Disease Control and Prevention,
22

 and state policies. The focus of post-

travel testing and quarantine was to reduce importation of infections acquired immediately prior 

to departure. Notably, the testing strategies differentially affect the individual risk of infection 

while traveling (strategies i-iv) versus decreasing population-level transmission risk from 

importation of new infections to a destination city (strategies ii, iv, and v). We assumed that 

symptomatic persons avoided travel with perfect compliance. We assumed that travelers who 

tested positive did not travel, and self-isolated with perfect compliance. We did not include any 

self-quarantine requirements upon arrival in the destination for pre-travel-only testing strategies 

(i and iii). We used published literature on the sensitivity and specificity of rapid antigen tests 

and PCR assays for SARS-CoV-2, incorporating time-varying estimates of sensitivity based on 

time since exposure.
23

 PCR tests were assumed to have sensitivity ranging from 80-95% during 

the first two weeks following exposure with a peak in sensitivity by day five based on the upper 

limit estimate on sensitivity from a published study (following the viral kinetics over time within 

individuals; see Supplemental Materials for curve of test sensitivity over time)
23

, and specificity 

of 99.5-100% (mean 99.8%).
23,24

 We assumed a one-day turnaround time for PCR tests. Persons 

were assumed to be detectable by PCR for up to two weeks after no longer being infectious. 
23

 

For rapid antigen tests, there is wide variation in the sensitivity and specificity of these assays. 

We assumed the rapid antigen tests had the sensitivity and specificity of the Abbot BinaxNow 

based on availability of literature to support a sensitivity of 90% relative to PCR (during periods 

of high viral loads compatible with infectiousness) and specificity of 99.5-100% (mean 99.8%). 

Other rapid testing platforms have variable sensitivity and specificity (including some <50% 

sensitivity compared to PCR), although some may have comparable specification.
25-28

 The 95% 
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uncertainty intervals (UI) represent the 2.5
th
 to 97.5

th
 percentile values across all simulations. 

The data and code are available online.
21

 

 

Study outcomes 

The primary study outcome for each testing strategy was the cumulative number of infectious 

days in the cohort of airline travelers prior to detection of infection and self-isolation over the 

travel period.
14

 This outcome is most relevant for population-level risk of transmission, and was 

selected based on the public health goal of reducing overall transmission. The secondary 

outcomes included: i) proportion of infectious travelers with SARS-CoV-2 detected on the day 

of travel, which is most relevant for individual risk of infection during travel and from the 

airlines whose goal is to minimize transmission at the airport and during air flight travel; and ii) 

the ratio of false positives to true positives for each testing strategy and infection incidence.  

 

Sensitivity analysis  

We performed sensitivity analyses to measure the effect of varying individual and multiple 

model parameters on the overall study conclusion. We tested varying individual model inputs 

including natural history parameters for SARS-CoV-2- such as duration of infectiousness, test 

sensitivity and specificity, day-of-travel increase in risk, and daily infection incidence.  

 

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. The corresponding author had full access to all the data in 

the study and had final responsibility for the decision to submit for publication. 
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Results 

Descriptive results 

In a cohort of 100,000 airline travelers, the model predicted 229 (95% UI: 170, 336) actively 

infectious persons on the day of travel in the absence of testing or any symptom screening 

(prevalence of 0.2% of actively infectious persons). Of these, 91 (95% UI: 63, 136) had 

subclinical infections. Over the travel period (three days prior to travel to two weeks following 

travel), we estimated a total of 2,796 (95% UI: 2,031, 4,336) infectious days.  

 

Effectiveness of test-and-travel strategies 

First, we estimated that anterior nasal PCR testing within 3 days of departure would be positive 

for 1,001 travelers (95% UI: 817, 1,205), reducing the number of actively infectious travelers on 

the day of travel by 88% (95% UI: 76, 94) to 28 (95% UI: 13, 73) (see Table 2). This testing 

strategy reduced the total number of infectious days in the cohort by 35% (95% UI: 27, 42) over 

the simulation period (see Figure 1). At the assumed incidence of 50 daily infection per 100,000 

and test specificity of 99.8%, there were 205 (95% UI: 31, 397) false positives. The ratio of false 

positives to true positives for this strategy ranged from 2.6 to 0.13 when varying incidence from 

5 to 100 daily infections per 100,000 persons, respectively (see Figure 2). 

 

Second, we evaluated the strategy of anterior nasal PCR testing within 3 days of departure and 

PCR testing 5 days after arrival with quarantine for 5 days. This strategy yielded 1,489 positive 

travelers ((95% UI: 1,130, 1,886); defined as having any positive test), and reduced the number 

of actively infectious travelers on the day of travel by 88% (95% UI: 76, 94) to 28 travelers (95% 
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UI: 13, 73). This testing strategy reduced the total number of infectious days in the cohort by 

79% (95% UI: 71, 84) over the simulation period, with approximately 74% attributable to the 

pre-travel PCR and 26% attributable to the post-travel PCR test. The ratio of false positives to 

true positives for this strategy ranged from 3.8 to 0.19 when varying incidence from 5 to 100 

daily infections per 100,000 persons, respectively. 

 

Third, we estimated that the rapid antigen test on the day of travel would be positive for 618 

passengers (95% UI: 445, 815), reducing the number of actively infectious travelers by 87% 

(95% UI: 81, 92) to 30 travelers (95% UI: 17, 51) on the day of travel. This testing strategy 

reduced the total number of infectious days in the cohort by 32% (95% UI: 25, 39) over the 

simulation period. There were 205 (95% UI: 31, 401) false positives, corresponding to a ratio of 

false to true positives that ranged from 5.0 to 0.25 when varying incidence from 5 to 100 daily 

infections per 100,000 persons, respectively.  

 

Fourth, we evaluated a rapid antigen test on the day of travel and PCR testing 5 days after arrival 

with quarantine for 5 days. This strategy yielded 1,047 positive travelers ((95% UI: 686, 1438); 

defined as having any positive test). On the day of travel, the rapid antigen test would reduce the 

number of actively infectious travelers by 87% (95% UI: 81, 92) to 30 passengers (95% UI: 17, 

51). This testing strategy reduced the total number of infectious days in the cohort by 70% (95% 

UI: 65, 75) over the simulation period, with approximately 65% attributable to the rapid antigen 

test and 35% attributable to the post-travel PCR test. The ratio of false positives to true positives 

for this strategy ranged from 6.4 to 0.32 when varying incidence from 5 to 100 daily infections 

per 100,000 persons, respectively. 
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Fifth, we estimated that anterior nasal PCR testing 3 days after arrival would be positive for 740 

travelers (95% UI: 562, 941). This testing strategy reduced the total number of infectious days in 

the cohort by 30% (95% UI: 19, 42) over the simulation period. There were 205 (95% UI: 33, 

398) false positives. The ratio of false positives to true positives for this strategy ranged from 3.8 

to 0.19 when varying incidence from 5 to 100 daily infections per 100,000 persons, respectively. 

 

Sensitivity analysis  

In sensitivity analysis, we varied single model inputs to determine their impact on study results. 

We found that lowering the sensitivity of tests reduced the proportion of cases detected and the 

number of infectious days averted, while lower specificity of tests significantly increased the 

number of positive tests and proportion of false positives. As long as the rapid antigen test 

sensitivity was greater than 90% compared to PCR, we found that the same-day rapid test 

performed similar to pre-travel PCR on detection of infectious passengers (see Supplemental 

Materials). A higher incidence of COVID-19 increased the absolute effectiveness of all testing 

strategies with a higher number of averted infectious days (see Figure 3). In a destination city 

with a higher incidence (250 daily infections per 100,000 persons), the post-travel testing 

provided modest relative reduction of total COVID-19 cases; in contrast, a destination city with a 

low incidence (10 daily infections per 100,000 persons), the post-travel testing provided a large 

relative reduction of cases (see Supplemental Materials).  

 

Discussion  
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This simulation study finds that “test-and-travel” strategies for COVID-19 that apply routine 

viral testing during airline travel can reduce both the individual and population-level 

transmission risk of COVID-19 during travel. We find that pre-travel testing with a rapid antigen 

test on the day of travel or PCR testing within 3 days prior to departure can both reduce the risk 

of COVID-19 transmission during travel, with the majority of benefit for other travelers that may 

otherwise have become infected. We find that the addition of post-travel testing and abbreviated 

quarantine further provides further benefit at the level of the public health by reducing 

importation and ongoing transmission in the destination city, especially if travling from high to 

low incidence setting. Given that the prevalence of infection was relatively low, asymptomatic 

testing strategies resulted in a relatively high relative number of false positives due to imperfect 

test specificity (99.8%); this strategy also detected individuals that were test positive but no 

longer infectious (most relevant for PCR). Overall, this study supports that a test-and-travel 

strategy for COVID-19 will likely improve the safety of airline travel and can incorporated into 

national policy as a public health tool during the COVID-19 pandemic, alongside social 

distancing, universal masking, 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 since it can be administered on the 

day of travel with immediate turnaround, meaning the test is optimally timed to detect an 

infectious individual prior to flying. Notably, currently available rapid tests (antigen and nucleic 

acid-based) have highly variable test sensitivity and specificity. In this study, we parameterized 

the model focusing on the Abbott BinoxNOW or comparable tests that demonstrate reasonably 

high sensitivity (90% realative to PCR during the infectious period), with peak sensitivity based 
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on the viral dynamics during the actively infectious period.
25-27

 Alternative rapid testing 

platforms such as loop-mediated isothermal amplification (LAMP) assays with similar test 

characteristics to the rapid antigen tests are also viable options if available as point-of-care 

tests.
25

 The PCR test within 3 days of travel had the benefit of higher analytic sensitivity as PCR 

remains the gold standard diagnostic, but has the drawback of slower turnaround time, can be 

less convenient, and has ongoing detection of prior SARS-CoV-2 infections that are no longer 

infectious. Given the delay in turnaround, this means the PCR tests are likely to be performed in 

the days prior to travel, and may miss an individual who is not yet exposed to COVID-19 or is 

exposed but has not yet become positive by viral testing, which usually occurs around 3-5 days 

after exposure. Both strategies appeared to have similiar benefit for reducing the number of 

infectious travelers although same-day rapid antigen tests are not currently recommended by the 

US CDC guidelines.
12

 We also examined the addition of a post-travel testing strategy with an 

abbreviated 5-day quarantine period, which notably performed much better on the study outcome 

of reducing overall infectious days associated with travel.  

 

There are two key perspectives to interpret the study results that affect the conclusions drawn. 

The public health perspective (e.g. destination city of travel) would naturally focus on reducing 

population-level transmission with a goal of reducing importation of cases and ongoing 

transmission, and the primary outcome of reduction in infectious days would be most relevant. In 

this case, the testing strategies that include post-travel quarantine and PCR testing appear more 

favorable, especially when traveling from high to low incidence setting where importation of 

infection poses significant public health risk, and to a lesser extent, those infected during travel 

itself. Strategies with only pre-travel testing performed worse on the outcome of reducing total 
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infectious days. In contrast, the focus of airlines is to reduce individual-level risk during travel as 

measured by the secondary outcome of the proportion of infectious travelers detected. In this 

case, the pre-travel testing strategies, especially rapid antigen test on day of travel, appear most 

favorable and efficient. However, some actively infected travelers were missed, this was mostly 

related to imperfect test sensitivity and persons who were exposed during travel but not yet 

detectable during the time of testing (in the case of PCR testing 2-3 days prior to travel). Further 

refinements could be made with consideration of COVID-19 incidence in the origin and 

destination cities to influence testing requirements, such as traveling from a high to low 

incidence city. In the case of pre-travel PCR testing, recommendations for strict social distancing 

in the days prior to travel would enhance the effectiveness of this strategy. Notably all strategies 

missed a sizable proportion of COVID-19 infections, and test-and-travel strategies overall should 

be viewed as a risk mitigation control strategy, which should be adopted in combination with 

social distancing, universal masking, and other infection control measures during airline 

travel.
3,15

  

 

While the test-and-travel strategies were able to identify a large number of the actively infectious 

travelers, the testing strategies also had a large number of positive tests in travelers who were not 

infectious. This included: i) false positives due both to imperfect specificity of the test; and ii) 

persons 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).
14

 The implication of this result means that 

some passengers will be unable to travel despite not being infectious or a risk to other 

passengers, but this is consistent with some international travel requirements. Airlines could 

consider additional testing when a false positive is suspected, such as when individuals are 
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asymptomatic and have no known exposures; this confirmation testing could include a second 

rapid test (preferably on a different platform without similar false positive characteristics) or 

more extensive testing including serial PCR tests and later serologic test that may take multiple 

days and require self-isolation during this period (likely occurring outside of the airline testing 

system).  

 

The study conclusions are supported by studies that have examined the effectiveness of 

asymptomatic testing strategies for COVID-19 to detect cases and reduce overall 

transmission.
13,29-31

 This literature has found that frequent testing, rapid turnaround of test results 

(within 1-2 days), and test sensitivity are key characteristics for an effective testing 

platform.
13,29,30

 In our sensitivity analysis in this study, we similarly found that delayed 

turnaround time or lower sensitivity significantly reduced the effectiveness of test-and-travel 

strategies. The asymptomatic testing strategies outside of the travel context are often designed as 

control strategies, meaning the goal is to reduce the risk of transmission but not detect all cases. 

The key evidence gap that the present study aimed to address was the application of 

asymptomatic testing to airline travel, as domestic and international air travel begins to increase 

over time.  

 

The study findings should be interpreted within the context of the limitations of the data and 

model assumptions. There remain key uncertainties in the natural history of COVID-19, 

heterogeneity in transmission, and variation in diagnostic test accuracy and quality that are 

simplified in this modeling analysis. We assume a high degree of participation in testing 

programs and perfect self-isolation of those testing positive. We further assume that persons that 
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are symptomatic do not travel based on current guidance, and the testing strategies would 

perform better if this was not true. The model assumes a fixed incidence and homogenous risk of 

infection for all persons, although we explore how different infection risk would affect our 

results. We include a modestly higher risk of infection during the day of airflight travel, although 

this risk is uncertain and assumed to be relatively low.
7,15,16

 We assumed all flights had 

comparable risk, despite variation in number of passengers and duration of flight. Routine 

asymptomatic test-and-travel strategies would require considerable resources, coordination, 

guidelines, and ongoing participation for airlines and travelers. 

 

In conclusion, this study supports adopting asymptomatic testing strategies for COVID-19 in 

airline passengers to reduce the risk of travel and transmission during the pandemic. Multiple 

approaches to asymptomatic test-and-travel are likely to have benefit, although each have 

drawbacks that should be considered, and they will not reliably prevent transmission or 

outbreaks. This study provides evidence to guide national policy on testing guidelines to reduce 

COVID-19 spread from air travel. Continued efforts to promote social distancing, universal 

masking, and reducing travel will be necessary alongside these testing strategies to minimize 

ongoing transmission during the COVID-19 pandemic.
4
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Tables and Figures  
 

Table 1: Cohort characteristics and COVID-19 natural history and transmission 

parameters. 

Parameter Base case value Range  References 

Cohort characteristics     

Population size 100,000   

    

Natural history     

Incubation period
a  3 days 2-5 days 9,14,32 

Mean duration of infectiousness  5 days  

3-7 days  

(see Supplemental 

Materials) 9,14 

Sub-clinical fraction 40%  18 

Proportion of transmission during 

pre-symptomatic periodb  50%   18,19 

Daily SARS-CoV-2 infection 

incidence  

50 infection per 

100,000 persons 

50 to 150 infections 

per 100,000 

persons 17 

Relative risk of COVID-19 infection 

during day of travel  2.0  1.0-10.0 7,15,16 

    

Test performance    

PCR sensitivity  

Time-varying, 

approximately 80-95% 

during infectious period +/- 10%  23,24 

PCR specificity  99.8% 99.0-100% 23,24 

Rapid antigen test sensitivity (Abbott 

BinaxNOW) 90% relative to PCR 

Variable relative to 

PCR 26-28 

Rapid antigen test specificity  

(Abbott BinaxNOW) 99.8% 99.0-100% 26-28 

Compliance with testing  100%   
aThe incubation period is defined as duration from exposure to infectiousness. References include estimation based 

on onset of symptoms, which was adjusted given onset of infectiousness prior to symptom onset.  
bThe pre-symptomatic period is defined as the proportion of infectious days prior to onset of symptoms. 

Note: Population was assumed to be initially fully susceptible.  
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Table 2: Effectiveness of test-and-travel strategies on study outcomes. 
 Study outcomes 

Strategy  

Number of infectious 

days 

Relative reduction in 

active infections on day 

of flight  

Ratio of false positives 

to true positives  

No testing, no screening 2,796 (2,031, 4,336) — — 

PCR test within 3 days of departure  1,810 (1,274, 2,899) 0.88 (0.76, 0.94) 0.26 (0.04, 0.50) 

PCR test within 3 days of departure;  

PCR test within 5 days after arrivala 

599 (416, 1,072) 0.88 (0.76, 0.94) 0.38 (0.06, 0.74) 

Rapid antigen testing on day of travel   1,896 (1,352, 2,992) 0.87 (0.81, 0.92) 0.50 (0.08, 0.98) 

Rapid antigen testing on day of travel; 

PCR test within 5 days after arrivala 

824 (603, 1,300) 0.87 (0.81, 0.92) 0.65 (0.10, 1.28) 

PCR test within 3 days after arrival  1,630 (1,103, 2,766) — 0.38 (0.06, 0.74) 

Note: All testing strategies assume no symptomatic passengers will travel.   
aThese strategies include a 5-day quarantine period upon arrival. 
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Figure 1: Predicted number of cumulative SARS-CoV-2 infectious days over a simulation 
period under different test-and-travel strategies. We estimated the number of infectious days 

(vertical axis) over time with simulation of each test-and-travel strategy (panels). The horizontal 

axis represents the time over the simulation (in days) relative to the day of travel (vertical dashed 

line). Solid lines represent the mean and shaded areas represent the 95% uncertainty interval 

(95% UI) across 3,000 simulations. RT, rapid antigen test; PCR, polymerase chain reaction.  
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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. We ran the microsimulation under 

different baseline SARS-CoV-2 infection incidence to understand the effect on ratio of false 

positives to true positives for each test-and-travel strategy. The horizontal axis represents SARS-

CoV-2 infection incidence, including asymptomatic cases (daily cases per 100,000 persons). The  

vertical axis represents the ratio of false positives to true positives, where a higher ratio 

corresponds to a higher number of false positives. The colors of the lines correspond to the 

different test-and-travel strategies. 
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Figure 3: Effect of pre-travel testing strategies on the absolute number of travelers with 
SARS-CoV-2 infection. We estimated the mean number of total actively infectious persons on 

the day of travel in the cohort of 100,000 (vertical axis) under each pre-travel testing strategy: 

the base case (no testing), PCR within 3 days of departure, and rapid antigen test on the day of 

travel. We varied the baseline SARS-CoV-2 infection incidence (horizontal axis) from 1 to 250 

daily infections per 100,000 persons. The vertical axis represents the mean and 95% uncertainty 

interval (95% UI) across 3,000 simulations. RT, rapid antigen test; PCR, polymerase chain 

reaction. 
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Research in context  

Evidence before this study  

We searched PubMed for relevant articles published in English before December 7, 2020, using 

the search terms “travel” or “air*” together with “COVID-19” or “SARS-CoV-2” with “screen*” 

or “test*” restricted to the title and abstract fields. This search identified 87 articles. We found 

one article that discussed risk of international importation of infections during the early 

pandemic.
33

 

 

Added value of this study  

This study provides an analysis of routine testing strategies to reduce risk of COVID-19 

associated with airline travel. We find that pre-travel testing strategies, including same-day rapid 

antigen testing and pre-travel PCR testing (within 3 days prior to departure) reduced the risk of 

traveling while infectious. Notably, the same-day rapid antigen testing performed slightly better 

than the pre-travel PCR test when assuming performance characteristics for the rapid antigen test 

comparable to the Abbott BinaxNow test. We examined the addition of PCR 5 days after arrival 

and found that this reduced the overall infectious days during the travel period, providing a larger 

population-level effect through reduced importation of infections. The relative benefit of the 

post-travel testing was related to the incidence of the destination city, with largest benefit when 

traveling from a high to low incidence setting.  

 

Implications of all evidence available  

The study findings suggest that test-and-travel strategies for COVID-19 will likely improve the 

safety of airline travel and can be a public health tool to reduce importation of infections into low 

incidence settings. Routine testing for COVID-19 prior to travel, including same-day rapid 

antigen testing, can be an effective strategy to reduce individual risk of COVID-19 infection 

during travel. However, post-travel testing with abbreviated quarantine is likely needed to reduce 

population-level transmission from importation of infection, especially for travelers going from a 

high to low incidence setting. All testing strategies were imperfect, and should be viewed as a 

tool to be used alongside social distancing, universal masking, and other infection control 

measures during travel.  
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