
1

Vol.:(0123456789)

Scientific Reports |        (2022) 12:11753  | https://doi.org/10.1038/s41598-022-14586-z

www.nature.com/scientificreports

SARS‑CoV‑2 molecular 
diagnosis at airports to minimize 
travel‑related COVID‑19 spread
Marc‑Antoine de La Vega1, Ara XIII2, Marc F. Lee3 & Gary P. Kobinger1*

Following the identification of SARS-CoV-2, screening for air travel helped mitigate spread, yet 
lessons learned from a case study of air travel within Canada display enhanced techniques to better 
identify infected individuals, informing future responsive screening. While international travel 
bans limit infectious spread beyond a country’s borders, such measures are hardly sustainable 
economically and infrequently address domestic travel. Here, we describe a case study from Canada, 
where a diagnostic laboratory at point of travel conducted real-time PCR-based detection of SARS-
CoV-2 in support of existing interventions, including clinical and epidemiological questionnaires, 
and temperature checks. All mining workers departing from a populated urban area flying to one of 
two sites (Site A and B) in a remote northern Canadian region, which we deemed “at-risk”, because 
healthcare services are limited and vulnerable to epidemics. Data collected between June and 
November 2020 on 15,873 clinical samples, indicate that molecular diagnosis allowed for identification 
of 13 infected individuals, who would have otherwise been missed by using solely nonpharmaceutical 
interventions. Overall, no outbreaks, COVID-19-related or other, were detected at the point of travel 
up to December 2021 since the implementation of the laboratory, suggesting this screening process is 
an effective means to protect at-risk communities. The success of this study suggests a process more 
practical than travel bans or an unfocused screening of air travelers everywhere.

Countries had adopted multiple approaches to minimize the spread of SARS-CoV-2 from infected travelers1,2. 
For example, spread was prevented when travelers were subjected to a 14-day quarantine of susceptible individu-
als and isolation of SARS-CoV-2- positive individuals upon destination arrival along with follow-up by public 
health agents. Even so, such isolations with epidemiological and laboratory support are costly and cumbersome 
to sustain for extended periods, ultimately discouraging business and leisure travel. In contrast, a questionnaire 
that evaluates risks of infection is comparably inexpensive and logistically feasible. Still, questionnaires alone 
rely on the precision of memory, honesty, and a semantic understanding of each question to provide useful data, 
while temperature checks and other clinical assessments allow asymptomatic carriers to slip through screening3,4. 
Lastly, a reliance on epidemiological data to evaluate probabilities of infection and inform travel procedures 
overlook small groups, even single outliers are sufficient for transmitting pathogens and inflaming an outbreak.

Though the pandemic caused various aspects of society to shut down, critical industries such as the Canadian 
mining industry remained operational and required travel of essential personnel, barring an unfeasible complete 
restructuring of on-site living. Many mines continued to operate, including those in remote areas of northern 
Canada. While Canadian territories established a mandatory 2-week quarantine before traveling North, miners 
from the current studies were exempt since a no-contact policy with local communities was in place, including 
along travel routes. These northern regions contain small and scattered populations for which access to healthcare 
is limited and medical evacuation can account for up to 20% of their health budget5. As such, we recognized 
this group was at-risk for being vulnerable upon importation of virus, and we established a mobile diagnostic 
laboratory to conduct RT-PCR at the premises of the Southern Canada airport of departure (AD), an area isolated 
for travel to mining Sites A and B in Northern Canada. Here, we report the results from an observational study 
where molecular diagnostics was used successfully in the context of air travel, and allowed the identification of 
COVID-19 cases that otherwise would have been missed using other traditional nonpharmaceutical interven-
tions such as questionnaires and temperature checks alone.
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Methods
Ethics.  Ethical approval for this project was sought at the Comité central d’éthique de la recherche du ministère 
de la Santé et des Services Sociaux, the Ethical Review Board for the provincial government of Quebec (Canada), 
which follows the Tri-Council Policy Statement for Ethical Conduct for Research Involving Humans (TCPS2, 
2018). According to article 2.4 of this statement, “REB review is not required for research that relies exclusively 
on secondary use of anonymous information, or anonymous human biological materials, so long as the process 
of data linkage or recording or dissemination of results does not generate identifiable information”. Therefore, 
given that the data we used came from a primary outcome of human diagnostics, it was established by the 
Comité central d’éthique de la recherche du ministère de la Santé et des Services Sociaux that an REB review was not 
required for this publication. Therefore, ethics approval was waived by the committee. Of note, written informed 
consent was obtained from all participants who were sampled during the duration of the study, and all methods 
were performed in accordance with the relevant guidelines and regulations.

Study population.  All samples collected throughout this study were sampled on workers from the mining 
industry only, and due to recurring work shifts over the study period, many individuals were tested multiple 
times. All individuals included in this study were over 18 years old and the study population was predomi-
nantly male, although true numbers regarding the male:female ratio of tested individuals are unknown, as this 
information was not collected by the laboratory. However, for the year of 2020, the mining company reported 
a workforce at site A and B of ⁓1200 and ⁓1800 employees, respectively with a 13% female-employment rate.

Diagnostic workflow.  At the time the study was originally conducted, individuals travelling by plane to 
Site A and Site B were sampled at the AD, which they would reach individually by car. Once all passengers had 
been sampled in a dedicated area of the AD, they boarded their respective plane. Airport personnel, though lim-
ited in interaction with the miners, followed pandemic safety protocol, including their own health checks. Planes 
departed, one for Site A and one for Site B, and the analysis of their samples was initiated in a laboratory located 
directly in front of the airport, inside a mobile trailer specially designed for biocontainment. After landing at 
their respective airport of arrival, travelers deplaned onto the tarmac and boarded a bus to their respective sites. 
Given that the combined duration of the flight and the bus ride was under 4 h, which equaled the minimum time 
required to process the samples, workers were placed in quarantine in their individual bedrooms upon arrival 
to their respective sites while the analysis was being completed. Later testing workflow, after our Case Study, 
the mining company kept travelers socially distanced and waited until the results were known before the planes 
departed for Sites A and B.

Efficacy monitoring.  To monitor the efficacy of the AD laboratory, a second on-site laboratory was estab-
lished in Northern Canada within the main mining camp of Site A, where all symptomatic individuals and 
randomly collected samples could be analyzed. Symptomatic individuals had to report themselves to the on-site 
clinic, where a thorough medical assessment was performed by qualified healthcare providers, along with collec-
tion of a nasopharyngeal swab for immediate analysis. The symptomatic individual was then placed in isolation 
until the result of the test was known. Twenty-five individuals were preselected from every flight manifest to Sites 
A and B for SARS-CoV-2 testing 5 days post arrival. The selection tested a proportion of passengers through 
a system combining the use of a random-number generator, employee request, and the switching of overly-
selected individuals for new selections to ensure for a wider distribution, regardless of the number of passengers 
on each flight. Due to the remoteness of Site B, random sampling was not consistently performed, and efficacy 
monitoring relied on clinical manifestations only, where samples of symptomatic individuals were shipped to 
the laboratory of Site A.

RT‑PCR testing.  SARS-CoV-2 genomic material was detected by a laboratory-developed test that used the 
Sarbeco E gene FAM label Coronavirus detection kit (TIB-MOLBIOL), the TaqMan Fast Virus 1-Step Master-
Mix (ThermoFisher), and either the LightCycler 96 instrument (Roche; Airport site) or the Magnetic Induc-
tion Cycler PCR Machine (Bio Molecular Systems; Site A). Briefly, nasopharyngeal swabs were collected from 
workers and stored in Dulbecco’s modified Eagle’s medium (500 µL) containing penicillin-streptomycin (1%). 
Samples were extracted inside a biosafety cabinet or a closed isolator (glovebox) within three hours following 
collection using the QIAamp Viral RNA Mini kit (Qiagen) and processed for RT-PCR amplification according 
to the manufacturer’s instructions. The limit of detection of the assay was established at 2.9 copies/reaction, with 
a clinical sensitivity (based on 28 positives) and sensibility (based on 100 negatives) of 100%, similar to results 
reported by the Foundation for Innovative New Diagnostics6.

Results
The airport laboratory operationally started June 22, 2020. As of November 18, 2020, the airport laboratory 
analyzed 15,873 samples from all travelers heading to Site A or B, representing approximately 189 flights, while 
the laboratory located at site A for efficacy monitoring analyzed 5765 samples. Of the 15,873 samples tested at 
the AD, 12 individuals were identified as presumptive positive cases, while 1 was identified at site A; all cases 
were confirmed by a second reference laboratory. This represents a positivity rate of 0·08% at the AD, while the 
Canadian rate on November 18, 2020 was 2·96%7. Of the 13 individuals identified as positive for SARS-CoV-2: 
one case tested positive before traveling internationally for business (Case #1); two individuals were traveling 
to Site B (Cases #2 and #3), while the remaining individuals were either refused boarding because they had 
declared symptoms (Cases #11 and #13) or were traveling to Site A (Cases #4, #5, #6, #8, #9, and #12); Case 
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#10 was identified 5 days postevacuation from Site A as a follow-up to an epidemiological investigation after 
identification as a close contact of Case #9; and the remaining case was identified by the laboratory established 
at Site A, following random testing (Case #7) (Fig. 1).

Discussion
Our study results support a two-pronged approach toward greatly reducing passage of pathogens without the 
impracticality of a travel ban or population-wide screening. We propose: (1.) identification of at-risk communi-
ties, defined by, (a.) environmental isolation, which accounts for enormous medical evacuation budget, (b.) work 
necessity, which accounts for increased interactions and transmission opportunities both intra-environmental 
(on-site) and from workforce influx (travelers), and (c.) limitations of healthcare, due to economic and geographic 
feasibility, resulting in distancing from robust healthcare access; and (2.) multifactorial preventions that include 
(a.) questionnaires probing exposure potential and symptoms (one prescreening travel to the AD 48 h prior, 
and one at AD prior to social distancing, awaiting RT-PCR results), (b.) basic prevention precautions, such as 
the wearing of masks and hand washing, (c.) temperature checks (at the AD and other areas of congestion, such 
as on-site cafeteria), (d.) RT-PCR screening through AD laboratories, and (e.) social distancing, isolation, and 
quarantine protocol.

Case #7
Date: 2020-10-17

All contacts (12) 
tested negative

Case identified by random testing or as a follow-up

Case identified during travel to mining site

Airport

Case #8
Date: 2020-10-20

All contacts (9) tested 
negative

All contacts (3) tested 
negative

Case #9
Date: 2020-10-28

16 contacts tested negative
1 contact tested positive

Case #10
Date: 2020-11-02

Case #12
Date: 2020-11-17

All contacts (9) tested 
negative

Case #13
Date: 2020-11-18

No contacts

Site 1

Case #2
Date: 2020-07-20

All contacts tested 
negative

Case #3
Date: 2020-09-28

All contacts (15) 
tested negative

Case #4
Date: 2020-10-07

All contacts tested 
negative

Case #5
Date: 2020-10-09

All contacts tested 
negative

Case #6
Date: 2020-10-12

All contacts tested 
negative

Case #11
Date: 2020-11-02

No contacts

Case #1
Date: 2020-06-22

All contacts tested 
negative

Case was refused boarding from pre-screening

Figure 1.   Individuals were infected with SARS-CoV-2, as identified by RT-PCR at the airport or Site A 
laboratory. In total, 13 individuals were identified as positive for SARS-CoV-2. Of those, 11 were identified at the 
airport’s laboratory, while 2 were identified at the laboratory established at Site A. Of the 11 travelers identified, 
one was intended for an international business trip (Case #1), two were traveling to Site B (Case #2 and #3), 
while the other eight individuals were either symptomatic and refused boarding, or they were scheduled to head 
to Site A (Case #4, #5, #6, #8, #9, #11, #12, and #13). For the remaining two cases, one was identified through 
random testing at Site A (Case #7), and one was identified as a close contact of Case #9 (Case #10), who sat 
beside each other on the plane to Site A. Interestingly, Case #1 was the very first presumptive positive case 
identified at the airport’s laboratory on the very first day of operations.
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Separately, the various facets of prevention have individual efficacy. For example, according to this study, 
the AD questionnaire alone would have prevented two of the 13 individuals (15·4%) from boarding the plane, 
as Case #11 and Case #13 declared either symptoms or recent contacts with a confirmed case of COVID-19 at 
the time of boarding. The prescreening form to be completed by travelers 24 to 48 h prior to boarding would 
result in individuals with symptoms or contact with a confirmed case to be referred to the public health system 
(and remain outside our data from swab samples). The AD questionnaire provides additional screening cover-
age between the prescreening form (one to two days prior) and preboarding the same day. An added benefit of 
the AD questionnaire within view of preboarding swabbing seems to be that individuals pay greater attention 
to symptoms and potential exposure when completing this questionnaire, aware of the upcoming laboratory 
testing (as has been voluntarily reported by individuals).

Though the prescreening and AD questionnaires are excellent tools toward mitigating infectious spread, 
the example of Case #12 illustrates the necessity for the RT-PCR screening, as the worker neglected to reveal 
in the questionnaire having returned from an international trip the day prior to boarding for Site A. Accurate 
information would have instituted a 14-day quarantine or isolation upon returning to Canada, as per federal 
regulations at the time8. The lack of signs and symptoms, to include elevated temperature, show the value of 
RT-PCR in reducing travel of asymptomatic individuals capable of causing an outbreak. Even so, one individual, 
Case #7, did get through all AD screening, to include RT-PCR. This case may represent a small fraction of the 
asymptomatic carriers in the prodromal period when the virus is under the level of detection of laboratory tests, 
though a false negative cannot be ruled out. Likely because of early detection at the mining site and subsequent 
isolation, along with other basic health protocol, Case #7 did not induce a detectable spread of SARS-CoV-2 by 
the healthcare workers and laboratory on Site A. Future studies to assess the efficacy of transmission prevention 
should consider the addition of serological surveys where economically and functionally permissible.

Our study revealed a lower breach of screening by prodromal asymptomatic carriers (1 of 13) than the 44% 
projected by other models, translating to an expected 5 to 6 individuals9. Even so, several factors should be 
considered mitigating comparisons: (1.) Our study is limited by the low number of cases reported (13) of 15,873 
samples tested; (2.) Mining workers were in a culture of continued screening and may have been more rigorous 
with health-safety measures; (3.) The prescreening questionnaire 24 to 48 h prior to travel resulted in a waiting 
period for individuals who acknowledged exposure risk, to include travel, thereby surpassing the typical 2.4-
day prodromal period upon AD screening9; and (4.) Our data derived from a uniformity of process rather than 
an amalgamation of disparate sites and processes. Furthermore, comparisons of data unrelated to prodromal 
asymptomatic breach are largely erroneous, particularly to sites testing much larger groups of symptomatic 
individuals, such as hospitals and national reference centers.

Though no secondary transmission was detected at either mining site as of December 2021, Case #9 was 
associated with Case #10 due to inflight seating proximity. This potential exposure route is now mitigated by the 
revised protocol whereby boarding occurs after RT-PCR data is returned. Overall, the current report supports 
the use of diagnostic laboratories at points of travel to provide an added contribution to other control measures. 
Though the implementation costs of such measures were entirely assumed by the private mining company; the 
laboratory costs and scientific expertise of the screening process remained low, having been conducted by a not-
for-profit organization. Even so companies and organizations assuming the expenses of such combined screening 
measures should weigh those costs against the expense of pandemic spread and the associated medical response 
and industry shutdown, let alone the ethical implications of employing lesser safety precautions.

Data availability
The datasets generated and/or analyzed during the current study are available from the corresponding author 
upon reasonable request.

Received: 22 September 2021; Accepted: 9 June 2022

References
	 1.	 World Health Organization (WHO). Novel Coronavirus (2019-nCoV) - Situation Report 1. World Health Organization vol. 1 https://​

www.​who.​int/​emerg​encies/​disea​ses/​novel-​coron​avirus-​2019/​situa​tion-​repor​ts/ (2020).
	 2.	 Haug, N. et al. Ranking the effectiveness of worldwide COVID-19 government interventions. Nat. Hum. Behav. 4, 1303–1312 

(2020).
	 3.	 Ko, J.-H. et al. Neutralizing antibody production in asymptomatic and mild COVID-19 Patients, in comparison with pneumonic 

covid-19 patients. J. Clin. Med. 9, 2268 (2020).
	 4.	 Han, H. et al. Descriptive, retrospective study of the clinical characteristics of asymptomatic COVID-19 patients. mSphere 5, 1–11 

(2020).
	 5.	 Young, T. K., Tabish, T., Young, S. K. & Healey, G. Patient transportation in Canada’s northern territories: Patterns, costs and 

providers’ perspectives. Rural Remote Health 19, 1–7 (2019).
	 6.	 Foundation for Innovative Diagnostics. SARS-COV-2 molecular assay evaluation. https://​www.​finddx.​org/​covid-​19/​sarsc​ov2-​

eval-​molec​ular/​molec​ular-​eval-​resul​ts/ (2020).
	 7.	 Government of Canada. Coronavirus disease (COVID-19): Outbreak update. csv database https://​www.​canada.​ca/​en/​public-​health/​

servi​ces/​disea​ses/​2019-​novel-​coron​avirus-​infec​tion.​html (2020).
	 8.	 Government of Canada. Coronavirus disease (COVID-19): Travel restrictions, exemptions and advice. https://​www.​canada.​ca/​

en/​public-​health/​servi​ces/​disea​ses/​2019-​novel-​coron​avirus-​infec​tion/​latest-​travel-​health-​advice.​html#f (2020).
	 9.	 He, X. et al. Temporal dynamics in viral shedding and transmissibility of COVID-19. Nat. Med. 26, 672–675 (2020).

Acknowledgements
MADLV was the Scientific Director at GUARD at the time the data were generated. MFL owns a medical 
organization that is hired by the mining company to act as the medical director of said mining company. GPK 

https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.who.int/emergencies/diseases/novel-coronavirus-2019/situation-reports/
https://www.finddx.org/covid-19/sarscov2-eval-molecular/molecular-eval-results/
https://www.finddx.org/covid-19/sarscov2-eval-molecular/molecular-eval-results/
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection.html
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/latest-travel-health-advice.html#f
https://www.canada.ca/en/public-health/services/diseases/2019-novel-coronavirus-infection/latest-travel-health-advice.html#f


5

Vol.:(0123456789)

Scientific Reports |        (2022) 12:11753  | https://doi.org/10.1038/s41598-022-14586-z

www.nature.com/scientificreports/

is the founder of GUARD (GUARDRx.org), a not-for-profit entity registered in Canada and is currently on the 
Board of Administrators.

Author contributions
M.A.D.L.V. and A.13 contributed to data analysis and manuscript writing. M.F.L. and G.P.K. contributed to the 
study design, implementation of the research, and manuscript editing.

Funding
This work was supported by a private company from the mining industry. The funding source covered expanses 
to laboratory testing operated by GUARD (GUARDRx.org), a not-for-profit organization. The funders had no 
role in the design of the study or the decision to publish this work.

Competing interests 
MADLV was the Scientific Director at GUARD at the time the data were generated. MFL owns a medical 
organization that is hired by the mining company to act as the medical director of said mining company. GPK 
is the founder of GUARD (GUARDRx.org), a not-for-profit entity registered in Canada and is currently on the 
Board of Administrators.

Additional information
Correspondence and requests for materials should be addressed to G.P.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2022

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	SARS-CoV-2 molecular diagnosis at airports to minimize travel-related COVID-19 spread
	Methods
	Ethics. 
	Study population. 
	Diagnostic workflow. 
	Efficacy monitoring. 
	RT-PCR testing. 

	Results
	Discussion
	References
	Acknowledgements


