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ABSTRACT

Objectives This report estimates the risk of COVID-19
importation and secondary transmission associated with a
modified quarantine programme in Canada.

Design and participants Prospective analysis of
international asymptomatic travellers entering Alberta,
Canada.

Interventions All participants were required to receive

a PCR COVID-19 test on arrival. If negative, participants
could leave quarantine but were required to have a second
test 6 or 7 days after arrival. If the arrival test was positive,
participants were required to remain in quarantine for 14
days.

Main outcome measures Proportion and rate of
participants testing positive for COVID-19; number of
cases of secondary transmission.

Results The analysis included 9535 international travellers
entering Alberta by air (N=8398) or land (N=1137) that
voluntarily enrolled in the Alberta Border Testing Pilot
Programme (a subset of all travellers); most (83.1%) were
Canadian citizens. Among the 9310 participants who
received at least one test, 200 (21.5 per 1000, 95% Cl

18.6 to 24.6) tested positive. Sixty-nine per cent (138/200)
of positive tests were detected on arrival (14.8 per 1000
travellers, 95%Cl 12.5 to 17.5). 62 cases (6.7 per 1000
travellers, 95% Cl 5.1 to 8.5; 31.0% of positive cases) were
identified among participants that had been released from
quarantine following a negative test result on arrival. Of 192
participants who developed symptoms, 51 (26.6%) tested
positive after arrival. Among participants with positive tests,
four (2.0%) were hospitalised for COVID-19; none required
critical care or died. Contact tracing among participants
who tested positive identified 200 contacts; of 88 contacts
tested, 22 were cases of secondary transmission (14 from
those testing positive on arrival and 8 from those testing
positive thereafter). SARS-CoV-2 B.1.1.7 lineage was not
detected in any of the 200 positive cases.

Conclusions 21.5 per 1000 international travellers
tested positive for COVID-19. Most (69%) tested positive
on arrival and 31% tested positive during follow-up.
These findings suggest the need for ongoing vigilance

in travellers testing negative on arrival and highlight the
value of follow-up testing and contact tracing to monitor
and limit secondary transmission where possible.

INTRODUCTION
Many countrieshaveimposedbordermeasures
aimed at reducing the risk of COVID-19

1,7,9,10
)

Strengths and limitations of this study

» This study was conducted in a large sample.

» State-of-the art methods were used for COVID-19
testing.

» It is possible that not all contacts were identified or
tested, and thus some cases of secondary transmis-
sion may have been missed.

» Some participants may have falsely tested negative,
although our use of a two-test strategy together with
daily symptom monitoring should have reduced this
risk.

» Since COVID-19 tests may remain positive for weeks
after infection, some participants that tested positive
on arrival may have had resolved infection. Repeat
testing among participants who tested positive on
arrival would have reduced this risk.

importation.! * A variety of approaches have
been used globally, including symptom ques-
tionnaires, temperature checks, testing for
COVID-19, and mandatory self-isolation or
quarantine.” Since March 2020 Canada has
required international travellers who enter
the country to quarantine for 14 days in a
suitable location, regardless of the presence
or absence of symptoms or COVID-19 testing
results. While these restrictions are directed
at containing the importation of COVID-19,
they have likely had substantial social and
economic impact.

Prospective analyses evaluating the risk of
COVID-19 infection among international
travellers are limited, with few data assessing
how the risk of testing positive for COVID-19
varies in the days following international
travel.* While one study in Saudi Arabia has
been published,” participants were required
to quarantine at a government facility for
14 days, and the risk of secondary transmis-
sion associated with international travel was
not evaluated. The decision to require a
14-day quarantine period among travellers
was based in part on evidence indicating that
COVID-19 infection can develop for up to 14
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days following an exposure.® However, it is uncertain the
extent to which different periods of quarantine combined
with testing mitigate the risk of community transmission
from asymptomatic travellers without known exposure
to COVID-19, given the range in timing of exposure and
distribution of incubation period(s) among travellers.
Several modelling studies have attempted to address this
question but have reached conflicting conclusions and
may be dependent on the assumptions made to construct
the model.”™"

This evaluation reports the consequences of a modi-
fied quarantine programme. Rather than requiring
international travellers to quarantine for 14 days after
arrival, the programme released travellers from quaran-
tine after receiving a negative COVID-19 test on arrival,
with the requirement that they were tested again at day
6 or 7 and monitored their symptoms daily. Specifically,
we assessed the likelihood that international travellers
entering Canada tested positive for COVID-19 infection
on arrival or at 6-7 days following entry, and determined
the proportion of travellers that developed symptoms
suggesting COVID-19 infection in the 14 days after
arrival. We also estimated the risk of community transmis-
sion of COVID-19 associated with the modified quaran-
tine programme and the risk of importing SARS-CoV-2
B.1.1.7 lineage. We hypothesised that the majority of
COVID-19 cases would be detected on arrival rather than
during follow-up.

METHODS

Setting

In March 2020, the Canadian federal government closed
borders to everyone except Canadian citizens, perma-
nent residents and their families, and others with a
specific reason for travel, such as family reunification."
The border remained open to ‘exempt travellers’, such as
members of flight crews, those transporting goods across
the Canada—-US border, and those providing certain essen-
tial services.'? Since the border closure, all international
travellers, with the exception of ‘exempt travellers’, must
quarantine for 14 days in an acceptable location following
entry to Canada.

The Alberta Border Testing Pilot Programme
(ABTPP)" was implemented on 2 November 2020 as a
border entry procedure that was aimed at reducing the
mandatory 14-day quarantine period for eligible asymp-
tomatic international travellers entering Alberta, Canada.
The programme is a partnership between the provincial
and federal governments, with a planned enrolment
of 52000 participants. The ABTPP is a government
programme rather than a study, but the programme
includes an embedded evaluation component conducted
by an independent academic team and approved by a
university-based institutional review board. The current
manuscript reports the findings of an interim analysis
from the programme evaluation, done after the first
10000 participants completed the programme.

Brief description of the ABTPP

Participants

The ABTPP launched on 2 November 2020 and this
analysis includes all participants that enrolled between 2
November and 30 November 2020. Travellers were eligible
to participate in the ABTPP if they entered Canada via a
direct flight to the Calgary International Airport or at the
Coutts/Sweetgrass land border crossing; were staying in
Alberta for a minimum of 14 days following their arrival in
Canada (or arriving and departing directly from Alberta
if their duration of stay was <l4days); had an accept-
able quarantine plan (including not quarantining in a
congregate setting or with a person at high risk of severe
COVID-19 disease); were free of any signs and symptoms
of COVID-19" at the time of arrival to Canada; and were
willing to adhere to the requirements of the ABTPP,
including abiding by local and provincial guidance,
regulations and legislation. All members of a travel party
residing in the same household were required to enrol
as a household otherwise all were ineligible to partici-
pate. Children under the age of 5 were not required to be
tested for COVID-19 but were obligated to participate if
an accompanying household member in the same travel
party was enrolled.

Travellers that reported contact with a COVID-19 case
in the prior 14 days were excluded from the programme.
Additionally, if any member of the travelling party had
symptoms consistent with COVID-19 infection or had
come in contact with a confirmed COVID-19 case, all
members of the travel party were excluded. Travellers not
eligible or declining to participate were required to quar-
antine for 14 days, as per federal legislation.

While the ABTPP was open to both exempt and non-
exempt travellers, as the former are not required to
quarantine whether they participate or not, they are not
representative of most international travellers and so
were excluded from the current report.

Programme requirements

All participants aged 5 years or older were required to
have a COVID-19 test at the airport or Coutts/Sweet-
grass land border crossing immediately on arrival in
Canada. Participants were then required to quarantine
until a negative arrival test result was received for every
member of the travel party. If any member of the travel
party tested positive for COVID-19 on arrival or subse-
quently, all of the travel party were required to re-enter
quarantine. If the arrival test was negative, participants
were released from quarantine but required to receive a
second COVID-19 test 6-7 days following their arrival and
to follow preventive measures for 14 days."” Compliance
with quarantine measures was verified and enforced by
the federal government, as for all entrants to Canada.
Potential penalties for non-compliance include transfer to
a quarantine facility, fines and/or imprisonment. Partici-
pants who chose not to have a second test were required
to complete a 14-day quarantine. In approximately 17.7%
of participants, the second test was done on day 5 rather
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than day 6 or 7, possibly because of miscommunication
about nomenclature of the days after arrival. 11.6% of
participants completed their second test on day 8 or later,
possibly due to scheduling limitations. Contact tracing of
participants who tested positive and their close contacts'®
(hereafter referred to as ‘contacts’) was done by public
health personnel according to provincial policy. As for
the general Alberta population, contacts of participants
who tested positive were instructed to quarantine for 14
days and advised to be tested for COVID-19 if possible.'®

Other requirements associated with participation in the
programme included completing a daily electronic report
to monitor relevant symptoms associated with COVID-19
for the first 14 days following arrival in Canada. A daily
report was required from each member of the household
travel party, including children aged <5 years. If partici-
pants reported symptoms at any point during the 14-day
follow-up period, they, and all members of the household,
were required to follow public health guidelines.

COVID-19 testing

Specimens were collected through an oropharyngeal
swab and processed through PCR testing. Presence of
SARS-CoV-2 viral RNA was detected by next generation
sequencing-based assay using the COVIDSeq panel (Illu-
mina Inc) and/or the real-time PCR-based dual target
RT-LAMP (reverse-transcriptase loop mediated ampli-
fication) assay (IlluDx Inc). A confirmatory RT-LAMP
test was performed on all positives and probable posi-
tives (detected by COVIDSeq or RT-LAMP assay) after
re-extraction of RNA from each individual samples.
Retrospective sequencing of 98 SARS-CoV-2 gene targets
using COVIDSeq assay was also performed on all positive
samples detected by RT-LAMP assay.

Data collection and linkage

All participants were assigned a unique identification
number (UID) at enrolment. Residents of Alberta were
asked to provide their personal health number (PHN;
provided by the provincial health ministry to access
publicly funded healthcare) at registration; if a partici-
pant either did not remember or did not have a PHN (in
the case of non-Albertans) the UID served as an alterna-
tive identifier to link the results of their COVID-19 test to
the participant enrolment information.

Participants testing positive for COVID-19 were priori-
tised for case investigation and contact tracing by Alberta’s
provincial Communicable Disease Control team. Infor-
mation collected from case investigations were entered
into the provincial Communicable Disease and Outbreak
Management (CDOM) database per usual processes.
Other information regarding COVID-19 cases, such as
healthcare utilisation (hospitalisation, receipt of critical
care) or death were collected and updated in CDOM per
existing processes. Each participantin CDOM was assigned
a unique code, which was used to link any contacts to that
participant.'® The Lab Information System was searched
by name and telephone number to identify contacts of

participants who tested positive, and to determine if they
were secondary cases linked to participants.

Countries were classified in terms of their COVID-19
risk level (green (low), yellow (intermediate), red
(high)) using the European Union’s Re-open EU tool'’
based on the proportion of COVID-19 tests reported as
positive (smoothed positivity rate, calculated as a 7-day
rolling average) and number of reported cases per 14
days per 100 000."® Countries for which data on one or
both of these parameters could not be identified were
classified as green, yellow or red based on the Centre for
Disease Control COVID-19 level."” Data from each 2-week
calendar interval was obtained to update the risk classi-
fication for each country during the ABTPP. The depar-
ture country was collected electronically at enrolment for
each participant.

Statistical analysis

Data were described using numbers and percentages,
medians and IQRs, or rates per thousand with 95% Cls.
Results were stratified by mode of arrival (air vs land). To
identify potential factors associated with testing positive
for COVID-19, we initially used bivariate logistic regres-
sion, then fit a multivariable logistic regression model to
estimate ORs for a positive test. Penalised maximum likeli-
hood methods were used to account for rare occurrences of
the outcome in the bivariate logistic regression models.”’ *!
Factors considered in the multivariable model included
participant characteristics (age, sex, nationality, country of
residence), days absent from Canada, mode of arrival (air vs
land) and the risk of COVID-19 at the departure country on
the day of arrival (positivity and cases per 14 days per 100000
residents; we did not include country risk status because it
was derived from the other two variables, and 98% of partic-
ipants whose departure country could be identified were
classified as high risk). We created a full model, then used
backwards elimination to arrive at a final, parsimonious
model that contained only significant predictors.

In one sensitivity analysis, we explored the possibility
that results were affected by clustering by departure
country by calculating the intraclass correlation coef-
ficient for positive cases with participants nested within
departure country, and by fitting a multi-level logistic
regression model where participants were nested within
departure country. We also fit a single-level logistic model
with SEs adjusted for clustering by departure country. In
another sensitivity analysis, we explored the robustness
of the final logistic regression model using sex and age-
stratified analyses (online supplemental material). Stata
V.16 was used for all analyses.

Patient and public involvement
No patients were involved.

RESULTS

Participant characteristics

Between 2 November and 30 November 2020, 10075
travellers enrolled in the ABTPP (online supplemental
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Arrived by air Arrived by land Total
N (%) N (%) N (%)

Age (years) at time of enrolment

<5 168 (2.0) 57 (5.0) 225 (2.4)

18-34 2147 (25.6) 310 (27.3) 2456 (25.8)

50-64 2898 (34.5) 313 (27.5) 3211 (33.7)

Sex

Female 4005 (47.7) 490 (43.1) 4495 (47.1)

Citizenship status

Permanent resident 703 (8.4) 116 (10.2) 819 (8.6)

Number of household members in travel party (including traveller)

2 2941 (35.0) 379 (33.3) 3320 (34.8)

4 or more 526 (6.3) 173 (15.2) 699 (7.3)

Personal 7486 (89.1) 884 (77.8) 8370 (87.8)

Study 172 (2.0) 41 (3.6) 213 (2.2)

Days absent from Canada, median (IQR)* 15 (8-34) 16 (7-85) 15 (8-36)

USA 5160 (61.4) 1125 (98.9) 6228 (65.9)

Netherlands 471 (5.6) 0 471 (4.9)

Unknown 532 (6.3) 0 532 (5.6)

Red 7692 (91.6) 1137 (100) 8829 (92.6)

Green 57 (0.7) 0 57 (0.6)

COVID-19 smoothed positivity at departure country

>0.2 1695 (20.2) 12 (1.1) 1707 (17.9)

14-day COVID-19 notification rate per 100000 at departure country

Continued

E-
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Table 1 Continued

Arrived by air Arrived by land Total

N (%) N (%) N (%)
<200 1812 (21.6) 12 (1.1) 1824 (19.1)
>200 6023 (71.7) 1125 (98.9) 7148 (75.0)
Unknown 563 (6.7) 0 563 (5.9)

N (%) unless otherwise indicated.
*Not applicable for 789 participants who were foreign citizens.

tPositivity and notification rates from https://ourworldindata.org, and classification of the departure country risk was calculated from these
rates, using the European Union tool (https://reopen.europa.eu/en); see the Methods section.

figure 1). Of these travellers, 9535 were non-exempt trav-
ellers and were included in the current report. These
9535 participants arriving between 2 November and 30
November, included 8398 entering by air (56.4% of inter-
national passengers arriving at the Calgary airport) and
1137 entering by road (32.2% of non-commercial trav-
ellers entering Canada at the Coutts/Sweetgrass border
crossing). Among these 9535 participants, median age
was 46 years (IQR 30-58) and 225 were less than 5years of
age; the latter were exempted from testing for COVID-19.

The 9535 participants entered Canada in 6977 distinct
travel parties that had a mean number of 1.4 participants
(median 1.0; range 1-8); of these, 8398 (88.1%) entered
by air. The large majority of participants were Canadian
citizens (83.1%); other characteristics of ABTPP partici-
pants are shown in table 1. Data on risk of COVID-19 in
the departure country were not available for 532 (5.6%)
participants due to a technical error in data collection.
Of the remaining 9003, 98.1%, 1.3% and 0.6% of partic-
ipants arrived from a departure country with red, yellow
or green COVID-19 risk, respectively.

Participants with positive COVID-19 tests

Among the 9310 participants aged =5 years that were
tested for COVID-19, 200 (21.5 per 1000; 95% CI 18.6 to
24.6) tested positive at arrival or within 14 days following
entry to Canada; the proportion was similar for those
arriving by air or by land (table 2). Sixty-nine per cent
(138/200) of these positive tests were detected on arrival
(14.8 per 1000 travellers, 95% CI 12.5 to 17.5; 69.0% of
positive cases) and thus occurred among participants
who remained under a quarantine order. Among partici-
pants with positive tests, four (2.0%) were hospitalised for
COVID-19; none required critical care or died.

Sixty-two cases (6.7 per 1000 travellers, 95% CI 5.1 to
8.5; 31.0% of all positive cases) were identified during
follow-up among participants that had been released
from quarantine following a negative test result on arrival.
Of these cases, 51 (5.5 per 1000 travellers, 95% CI 4.1 to
7.2; 25.5% of all positive tests) were detected through
a follow-up test occurring on day 7 or prior and the
remaining 11 cases (1.2 per 1000 travellers, 95% CI 0.6

Table 2 COVID-19 infection and its consequences by mode of travel

Arrived by air Arrived by land Total
N 8230 1080 9310
Positive cases 180 (2.2%) 20 (1.9%) 200 (2.1%)

Incidence of positive COVID-19 tests among
ABTPP participants, per 100000 participants

Positive tests on arrival

Positive tests on day 5
Positive tests at day 6-7
Positive tests at day 8-12
Symptoms at any time
Hospitalisation

Critical illness
Death

(95% C1 1.9 to 2.5)

2187
(95% CI 1882 to 2527)

124 (1.5%)

11
35
10
178
3

0

0

(95% Cl 1.1 to 2.8)

1852
(95% Cl 1135 to 2485)

14 (1.3%)

(95% C1 1.9 to 2.5)

2148
(95% Cl 1863 to 2464)

138 (1.5%)
14.8 per 1000

12
39
11
192
4

0

0

Test incidence among ABTPP participants includes two tests for most participants.
Participants who tested positive within 14 days of arrival (ie, at either arrival or during follow-up).

ABTPP, Alberta Border Testing Pilot Programme.

Lunney M, et al. BMJ Open 2021;11:€050667. doi:10.1136/bmjopen-2021-050667


https://dx.doi.org/10.1136/bmjopen-2021-050667
https://ourworldindata.org
https://reopen.europa.eu/en

8500
B negative
B rositive

7500
6500
5500
4500
3500
2500
1500

500

Number of tests

125

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14

Days from arrival to test

Figure 1 Proportion of positive COVID-19 tests among all
participants. The proportion of tests done on each day that
were positive for COVID-19 infection. Tests were scheduled
for arrival (day 0) and in follow-up (days 6-7). Some patients
had the follow-up test done on day 5 rather than 6-7.
Additional participants had extra tests done outside the two
scheduled tests because of symptoms.

to 2.1; 5.5% of all positive tests;) were detected on a test
occurring on day 8 or later (6 on day 8, 3 on day 9, 1 on
day 11, 1 on day 12) (figure 1).

Table 3 shows the full multivariable logistic regression
model for testing positive, and the final parsimonious
model. In the final model, participants aged 35-49 years
were more likely than other age groups to test positive
for COVID-19 (OR 2.08, 95% CI 1.20 to 3.62; referent
age >65). Canadian residents were also more likely to test
positive (OR 2.21, 95% CI 1.39 to 3.51) compared with
residents of other countries. Participants arriving from
countries with positivity rates (ie, the proportion of tests
that were positive in the departure country) >0.2 were
more likely to test positive compared with those with posi-
tivity rates <0.2 (OR 3.30, 95% CI 1.68 to 6.46), as were
participants arriving from countries with 14-day notifica-
tion rates >200 per 100 000 compared with those with noti-
fication rates <200 per 100000 (OR 2.62, 95% CI 1.30 to
5.31). Other characteristics such as shorter absence from
Canada were significantly associated with testing positive
in bivariate analysis. However, only age, country of resi-
dence and departure country positivity and notification
rates remained statistically significant in the full multivari-
able model, and were retained in the final model.

Participants arriving from countries with green, yellow
or red risk status contributed 0, 1 and 183 cases of COVID-
19, respectively, although the proportion of infected trav-
ellers did not significantly differ by level of COVID-19
risk (p=0.23). The departure country was unknown in 16
cases of COVID-19.

SARS-CoV-2 B.1.1.7 lineage was not detected in any of
the 200 positive cases.

In the first sensitivity analysis, we found that in an
intercept-only multi-level logistic regression model for a
positive test, with participants nested within departure
country, the intraclass correlation coefficient was 0.0015,
indicating very weak correlation on the outcome within

departure country. Furthermore, when we fit a multi-
level model with the same predictors as the final single-
level logistic model, we found that the coefficients were
essentially identical to the original model, and the likeli-
hood ratio test comparing the non-nested and multi-level
models was non-significant (X2=~0, p=~1). In addition, we
re-fit the final single-level logistic model with SEs adjusted
for clustering by departure country. Online supplemental
table 1 compares the two versions of the final model, with
SEs adjusted and not adjusted for clustering. Some CIs
are wider, and some narrower, but there were no changes
to statistical significance with adjustment for clustering.

In the second sensitivity analysis, we explored the effect
on the final model of stratifying by sex and age group
(online supplemental tables 2 and 3). While the point
estimates for the ORs for covariates differ between the
models for the subgroups, the Cls overlap substantially in
all cases, and there is no evidence that the model differs
significantly between subgroups.

Secondary transmission from participants

Among all 200 participants with a positive test, 194 (97%)
could be linked to the provincial CDOM dataset. These
194 participants had a total of 200 identified contacts
who were instructed to self-isolate for 14 days (median
number of contacts per case 0, range 0-5). Of the 200
contacts, 88 had a COVID-19 test and of these 22 (25.0%
of those tested; 11.0% of all contacts) tested positive for
COVID-19 at some point during their 14-day self-isolation.
The proportion of cases that had contact with at least one
other person was similar for those who tested positive on
arrival (51/134 (38.1%)) (ie, that had been in quaran-
tine) versus during follow-up (24/60 (40.0%), p=0.79).
Likewise, the proportion of cases that resulted in at least
one secondary case was similar for those who tested posi-
tive on arrival compared with follow-up (arrival: 9/134
(6.7%) vs during follow-up: 7/60 (11.7%), p=0.27), as
was the number of secondary cases transmitted (arrival:
14 cases, vs during follow-up: 8 cases).

Proportion of participants with symptoms consistent with
COVID-19 infection

One hundred and ninety-two participants (2.1%) aged =5
years reported one or more symptoms on at least 1day
within 14 days of their arrival (table 2). Of these, 26.6%
(51/192) tested positive either at arrival (20.3%, 39/192)
or during follow-up (6.3%, 12/192). Of the 39 who tested
positive on arrival, 36 had symptom onset between 1 and
4 days after the test, while of the 12 who tested positive in
follow-up, 7 had symptom onset 1-4days after the test,
with only 3 reporting symptoms before the test.

Of the 192 participants with symptoms, 69.8%
(134/192) reported symptom onset during the first 6 days
after arrival. Of these, 29.1% (39/134) tested positive at
their arrival test and an additional 3 participants tested
positive at a later date. Fifty-eight participants reported
symptom onset on day 7 or later; of these 15.5% (9/58)
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Per cent testing Full multivariable model Final multivariable model
Characteristic positive Bivariate OR (95% CI) OR (95% Cl) OR (95%Cl)

5-17 1.6 1.02 (0.44 to 2.41) 1.14 (0.52 to 2.48) 1.12 (0.47 to 2.63)

35-49 3.1 2.04 (1.18 to 3.54) 1.99 (1.14 to 3.49) 2.08 (1.20 to 3.62)

>65 1.6 Referent Referent Referent

N
o

Female Referent Referent

Mode of travel

+H

Land 1.8 0.84 (0.53 to 1.35) 1.00 (0.62 to 1.63)

Canadian citizen 2.3 2.13 (1.04 to0 4.34) 1.52 (0.68 to 3.40)

Foreign citizen 1.1 Referent Referent

Canada 2.4 2.21 (1.40 to 3.48) 1.97 (1.07 to 3.63) 2.21 (1.39 to 3.51)

Days absent from Canada T

>14 days 1.9 Referent Referent

Departure country 14-day risk category*

+

Yellow 0.9 0.62 (0.12 t0 3.12)

—

Unknown 3.1 1.51 (0.91 t0 2.52)

<0.2 1.9 Referent Referent Referent

Unknown 3.1 1.67 (1.00 to 2.79) 4.15 (1.71 to 10.07) 3.82 (1.61 to 9.05)

<200 2.5 Referent Referent Referent

Smoothed positivity refers to the proportion of within-country COVID-19 tests reported as positive, averaged over 7 days for the departure
country. Notification rate refers to the 14-day rate of within-country COVID-19 infection per 100000 population. Positivity and notification rate
were based on data from ourworldindata.org for the departure country, assessed at the arrival date. The 14-day risk category was based on
the positivity and notification rate, using the heat map at reopen.europa.eu/en.

The Hosmer Lemeshow goodness-of-fit test for the final multivariable model: p=0.54.

*There were no positive cases among the 57 participants who had arrived from green (low risk) countries, so a bivariate OR could not be
calculated using maximum likelihood procedures. Instead, ORs were estimated using penalised maximum likelihood methods.

TThe risk category was not included in the full model as it was derived from positivity and case rate, and because 98% of participants whose
departure country was known were classified as high risk.

FThese variables were dropped from the final multivariable model as they were non-significant in the full model.
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Figure 2 Proportion of positive COVID-19 tests among
participants who reported symptoms. The day of symptom
onset among symptomatic Alberta Border Testing Pilot
Programme participants as well as the proportion of such
participants who tested positive at any time during the 14
days after arrival.

tested positive. The relation between symptoms and posi-
tive COVID-19 tests is shown in figure 2.

When travellers arriving by air were compared with
those arriving by land, no differences were detected in
the proportion of positive travellers reporting symptoms
or the timing of symptoms among those who became
symptomatic (table 2).

Likelihood of testing positive for COVID-19 among ABTPP
participants as compared with other groups
The cumulative incidences of COVID-19 infection in the
Albertan and Canadian general populations during the
analysis period were 684 and 402 per 100000 population,
respectively, compared with a contemporaneous inci-
dence of 2148 per 100000 among ABTPP participants.
The 200 cases of COVID-19 reported among the ABTPP
participants that enrolled during 2 November to 30
November, represent 0.5% of the 42488 cases reported in
the general Alberta population during the same period.”

DISCUSSION

Mitigating the risk of COVID-19 importation by quaran-
tine and testing is a key issue globally, but few prospec-
tive analyses explore the effectiveness of these measures.
We evaluated the likelihood that international travellers
who denied symptoms of COVID-19 infection and were
subject to a modified quarantine programme'® would test
positive for COVID-19 on arrival and at 67 days following
arrival. We also estimated the rate of secondary transmis-
sion from programme participants to close contacts to
inform policy on 14-day quarantine requirements. The
overall proportion of participants who tested positive was
21.5 per 1000 (95% CI 18.6 to 24.6) and was similar for
travellers arriving by air compared with those arriving by
land. Most (69.0%) participants who tested positive for
COVID-19 infection did so at the arrival test, whereas
25.5% of cases tested positive at the follow-up test on or
before days 67 after arrival and 5.5% tested positive at a

later date. These findings suggest the need for ongoing
vigilance in travellers testing negative on arrival and high-
light the potential value of follow-up testing.

On average, one contact was identified for each infected
participant; these contacts led to a total of 22 cases of
secondary transmission. Quarantine did not appear to
fully protect against transmission to contacts. Travellers
who received a negative first result and were allowed
to leave quarantine did not cause a greater number of
secondary infections (n=8) than those who remained in
quarantine for 14 days (n=14). ABTPP participants were
required to follow individual and community public
health measures, including restrictions on entering
high-risk settings; mask mandates; and regulations on
maximum gathering sizes and business closures, all
of which may have mitigated community spread after
release from quarantine.” ** Tertiary transmission is also
possible, although all contacts were asked to self-isolate
for 14 days.

Symptom reporting appeared to be a weak method for
identifying cases.” Approximately three-quarters (74.5%)
of travellers who tested positive did not report symptoms
at any time during follow-up, and the proportion with
severe illness leading to hospitalisation was low (2.0% of
COVID-19 positive travellers) with none requiring crit-
ical care. Similar to the general population undergoing
testing, among participants who reported symptoms
consistent with COVID-19 infection, most (73.4%) did
not have laboratory evidence of infection. These results
suggest that the addition of a two-test strategy strengthens
early identification and isolation of cases and contacts.
Although testing of international travellers might also
help to reduce the risk of more infectious strains of
COVID-19, we did not detect the SARS-CoV-2 B.1.1.7
lineage in any of the 200 positive cases during this time
period.

During the analysis period, factors associated with a
higher risk of COVID-19 infection included age and
Canadian citizenship. We speculate that within the popu-
lation studied, the latter is a proxy for certain types of
leisure travel that might increase the risk of exposure
while abroad. It also appeared that higher departure
country COVID-19 positivity and notification rates were
both associated with greater risk of infection.

An as-yet unpublished study tested 16 361 international
travellers on arrival and then on days 7 and 14. These
participants were required to quarantine for 14-days after
arrival (regardless of test result) and loss-to-follow-up was
approximately 28% by the third (day 14) test." Similar
to our results, these authors also found that approxi-
mately 67% of all positive tests occurred on arrival, with
6% occurring on day 14. A second study of 337 French
nationals who were tested on repatriation from Wuhan
and on day 5 thereafter found that no participants tested
positive.”® Finally, a recent modelling study suggested
that testing on arrival would detect 77.2% of all positive
cases.”’ Other modelling studies have reached varying
conclusions, although most have found that results are

8

Lunney M, et al. BMJ Open 2021;11:€050667. doi:10.1136/bmjopen-2021-050667



sensitive to the extent of compliance with quarantine.”"

Our data extend the available literature by evaluating the
real-world risk of COVID-19 importation and secondary
transmission when a mandatory 14-day quarantine for
asymptomatic international travellers is replaced by a two-
test strategy and daily symptom reporting.

Most (65.9%) ABTPP participants arrived from the
USA, where contemporaneous rates of infection were
double those in Alberta. Although the overall rate of
infection among ABTPP travellers was substantially higher
than contemporaneous rates in the general Alberta popu-
lation, the absolute contribution of international travel to
the provincial incidence of COVID-19 was relatively small.
Further, all ABTPP participants were tested, whereas
only a subsample of the Albertan population is tested,
and so comparing the infection rate between these two
groups requires caution. Decision-makers should care-
fully consider the incidence of COVID-19 infection, the
effectiveness of existing preventive measures and health
system capacity in their jurisdiction® when assessing the
optimal approach to border measures. For example,
allowing one or two infected travellers per day to enter
a region would have substantially different implications
for countries with a low incidence rate, for example, New
Zealand (incidence of COVID-19 in mid-November 2020:
0.01 per 1000 per 14 days) than it would for a country
with a much higher incidence rate, for example, the UK
(4.8 per 1000). In addition, the number of international
travellers entering Canada in November 2020 was >90%
lower than in 2019. Decision-makers should also consider
the potential for future increases in travel volumes when
assessing the feasibility of post-arrival testing programmes.

Our analysis has certain limitations that should be
considered when interpreting results. First, while an
experienced team of public health professionals based
in Alberta’s provincial healthcare system attempted to
identify all contacts for ABTPP participants who tested
positive, it is possible that not all contacts were identified
or tested, and thus some cases of secondary transmission
may have been missed. Second, the source of infection
could not be determined among travellers, and so those
testing negative at arrival and positive at follow-up may
have become infected in the community after being
released from quarantine. Similarly, we were unable to
identify whether contacts of travellers were household
members or travellers themselves, which has limitations
to how the secondary transmission risk is perceived.
Third, some participants may have falsely tested nega-
tive, although our use of a two-test strategy together with
daily symptom monitoring should have reduced this risk.
Fourth, since COVID-19 tests may remain positive for
weeks after infection, some participants that tested posi-
tive on arrival may have had resolved infection. Repeat
testing among participants who tested positive on arrival
would have reduced this risk. Fifth, we were unable to
identify the departure country in all cases, likely leading
to some misclassification of country COVID-19 risk.
Sixth, participants aged <b years were not tested for

COVID-19, and thus some cases may have been missed
in this population. Seventh, because the ABTPP was a
voluntary programme and not all international travellers
were tested, there is a risk of selection bias as the prev-
alence of COVID-19 could be systematically different in
the ABTPP from the broader population of all interna-
tional travellers. Finally, these data were collected in one
Canadian province over 1 month, while the epidemiology
of the pandemic is continuously evolving. In particular,
observations regarding test positivity, participant char-
acteristics and secondary transmission could change as
more participants are enrolled. Substantial changes in
the prevalence of COVID-19 at the origin or destination
of travellers might influence the prevalence of infection,
although likely not the proportion of cases detected on
arrival as opposed to at 6-7 days after entry.

In conclusion, we found that 2.1% of asymptomatic
international travellers entering Alberta, Canada tested
positive for COVID-19, with nearly three-quarters of
positive travellers reporting no symptoms of infection
at any time during follow-up. The majority of travellers
who tested positive did so on arrival, with less than one-
third testing positive at 6-7 days and few testing positive
thereafter. These findings suggest the need for ongoing
vigilance in international travellers who test negative on
arrival and highlight the value of follow-up testing.
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