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During the coronavirus disease pandemic, international
travel controls have been widely adopted. To determine
the effectiveness of these measures, we analyzed data
from 165 countries and found that early implementation
of international travel controls led to a mean delay of 5
weeks in the first epidemic peak of cases.

nternational travel control (e.g., screening of in-
bound travelers, requiring quarantines, and even
closing borders) has been a key strategy implement-
ed by many countries to limit importations of severe
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acute respiratory syndrome coronavirus 2 (SARS-
CoV-2). However, early in the coronavirus disease
(COVID-19) pandemic, the World Health Organiza-
tion (WHO) did not recommend restricting travel
(1), and travel controls have not been widely used
in previous pandemics (e.g., the 2009-10 influenza
pandemic) (2,3). Limiting international movement
has enormous social and economic costs, and the
benefits of this strategy (i.e., delaying or averting an
epidemic) lack real-world evidence. Previous stud-
ies, most of which were simulation studies, suggest
that travel restrictions can delay but not prevent lo-
cal epidemics (2-4).

To examine the association between implementa-
tion of international travel controls and local outbreak
progress of COVID-19, we used publicly available
data (5-7; T. Wu et al., unpub. data, https://www.
medrxiv.org/content/10.1101/2020.02.25.2002743
3v1) for January 1-July 31, 2020. Only 14 (8.5%) of the
165 countries studied enacted international travel con-
trols coincident with the lockdown in Wuhan, China
(January 23); all controls involved screening inbound
travelers (Figure). Enactment of international travel
controls peaked ~3 weeks after WHO declared the
pandemic (March 11, 2020), by which time 112 (67.8%)
countries completely closed their borders, 44 (26.6%)

International travel controls
W No measures

80 I Screening
17, | M Quarantine from high-risk regions
Q \ Ban on high-risk regions
= 60 | M Total border closure
)
g |
o 40 \
@)
X 20
O it
Jan Jan Feb Feb Mar Mar Apr Apr May May Jun Jun Jul Jul  Jul
15 1 15 1 15 1 15 1 15 31
B 401 International c 100 Any control before D 100 Stronge'stcontrol
travel control ~ first case ~ before first case
Any 8 =0.0034 : :‘eg 8 =0038 fl'ratets:ase
c 8 304 ™ Strongest $ Q 75 P & a 75 P
O < = 9 =
= €3 £33
S S 20 S O BOf e S 8 50 s
Qo o o o
o O (SR o £
a6 10 X5 25 xE 25
g $
|| -l II-- | = e

=100 -80 -60 —-40 —20 O 20 40 60 80 >100

Days in relation to first case 1 1

0
Jan Feb Mar Apr May Jun Jul
1

0 ‘
Jan Feb Mar Apr May Jun Jul

1 1 1 1 11 1 1 1 1 1

Figure. Association between international travel controls and local coronavirus disease (COVID-19) outbreaks in 165 countries,
January 1-July 31, 2020. A) Temporal distribution of the international travel controls enacted by the studied countries. Data from (7).
B) Distribution of the time between a country’s first COVID-19 case and its enactment of any or of the strongest international travel
controls. C, D) Probability of reaching first local peak of COVID-19 cases by the time of implementing any (C) or the strongest (D)
international travel controls, estimated by using the Kaplan-Meier survival function. Vertical dashed lines in panels B, C, and D indicate
the date that Wuhan, China, underwent lockdown; vertical dotted lines indicate the date that the pandemic was declared.
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Table. Estimated time ratios and hazard ratios for comparing selected outcomes in countries that did and did not implement
international controls before identifying their first cases of COVID-19, January—July 2020*
Adjusted time ratio (95% CI)t
The strongest

Adjusted hazard ratio (95% CI)t
The strongest

Endpoint Any international controls international controls Any international controls international controls
Case peak 1.22 (1.06-1.41) 1.31 (1.02-1.68) 0.66 (0.46-0.93) 0.65 (0.39-1.08)
Death peak 1.23 (1.01-1.51) 0.98 (0.71-1.37) 0.74 (0.53-1.04) 0.90 (0.53-1.55)

Cumulative incidence, no. cases/10,000 population

0.2 1.20 (1.10-1.31) 1.23 (1.05-1.44) 0.55 (0.38-0.78) 0.61 (0.35-1.04)
1.0 1.26 (1.13-1.42) 1.27 (1.04-1.55) 0.49 (0.35-0.71) 0.90 (0.53-1.51)
5.0 1.25 (1.05-1.49) 1.34 (0.99-1.82) 0.59 (0.41-0.85) 0.90 (0.54—1.51)

*AFT, accelerated failure time; COVID-19, coronavirus disease.
tTEstimates were obtained from accelerated failure time models with log-logistic distribution, adjusted for population density and the strictest level of each
nonpharmaceutical intervention used during the study period for each country. The 2 columns show time ratio of implementing international controls
before the country’s first COVID-19 case to that after the country’s first case.

FEstimates were obtained from Cox proportional hazard models, which adjusted for population density and time-varying nonpharmaceutical interventions
during the study period for each country. The 2 columns show hazard ratio of implementing international controls before the country’s first COVID-19 case

to that after the country’s first case.

banned travelers from high-risk regions, and 4 (2.4 %)
required quarantine for travelers from high-risk re-
gions (Figure; Appendix Figure 1, https:/ /wwwnc.
cdec.gov/EID/article/28/1/21-1944-Appl.pdf).  Of
the 165 countries, 90 (54.5%) had imposed at least
some restriction before reporting their first COVID-19
case, and 20 (12%) had imposed their strictest restric-
tions before reporting their first case (Figure; Appen-
dix Figures 1-3).

We determined the progress of outbreaks in each
country to be the time from January 1, 2020, to the first
epidemic peak, which was identified from the modal
daily case counts within any 53-day sliding window
(i.e., a quarter of the length of the study period) and
needed to comprise >10% of the cumulative incidence
during the study period (Appendix Figure 2). By July
31, 2020, the first epidemic peak had been reached in
122 (74%) of the studied countries (Appendix Figure
4). In countries that had enacted any international
travel controls before their first COVID-19 case, the
first peak was reached an average of 36 days (95% CI
10-61 days) later than it was in countries that did not
enact controls until after their first case was reported
(p<0.01 by log-rank test; Figure). Countries that im-
plemented their strictest international travel controls
before detecting any COVID-19 cases reported their
first case a median of 57 days (95% CI 14-70 days)
later than countries that imposed their strongest con-
trols after the first case was reported (p = 0.04 by log-
rank test; Figure).

After adjusting for population density and imple-
menting nonpharmaceutical interventions by using
the accelerated failure time model (Appendix), we
estimated that the average time to detection of the
first case occurred 1.22 (95% CI 1.06-1.41) times later
in countries that implemented any restrictions than
in countries that implemented no travel restrictions.
This time ratio was extended to 1.31 (95% CI 1.02-
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1.68) if countries implemented their strongest travel
restrictions (Table). Such associations still held when
adjusting for time-varying nonpharmaceutical inter-
ventions by using the Cox model.

To confirm that these observations were main-
tained according to alternative measures of epidemic
activity, we used the following as outcomes in the
models: the time by which COVID-19 deaths first
peaked, and attainment of a cumulative incidence of
0.2, 1.0, or 5.0 cases/10,000 persons (by which time
peaks had been reached in #10%, 30%, and 60% of
the countries; Appendix Figure 5). These outcomes
may better indicate community spread in countries in
which most cases were imported and identified dur-
ing quarantine (e.g., Fiji), information that was not
available from public data. Moreover, outcomes may
be better when the epidemic was multimodal (e.g.,
Guyana) or the country did not experience its main
epidemic until later in the study period (e.g., Argen-
tina) (Appendix Figure 2). Both accelerated failure
time and Cox models supported earlier observations
that enactment of any international travel controls de-
layed the time in which cumulative incidence rates
or deaths peaked. However, enactment of the stron-
gest control was not associated with a reduced time to
peak death or cumulative incidence of 5 cases /100,000
persons (Table).

Our work may be influenced by other unmea-
sured confounders, such as the stringency of inter-
national travel controls. We repeated our analyses
by removing countries in Asia, in which implemen-
tation tended to be more strict, and found that our
earlier observations largely held (Appendix Table).
In addition, we examined the broader association
between international travel controls and local epi-
demic progression, but we did not examine the roles
of specific measures (e.g., quarantine and risk-de-
pendent triage management).
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Our findings suggest that implementing interna-

tional travel controls earlier delayed the initial epi-
demic peak by =5 weeks. Although travel restrictions
did not prevent the virus from entering most coun-
tries, delaying its introduction bought valuable time
for local health systems and governments to prepare
to respond to local transmission.
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Atezolizumab successfully reinvigorated JC virus immu-
nity in a patient in Belgium with progressive multifocal
leukoencephalopathy, as demonstrated by clinical, viro-
logic, and radiologic response to treatment. However, the
treatment also resulted in immune reconstitution inflam-
matory syndrome and life-threatening immune-related
adverse events. These conditions were treated with cor-
ticosteroids, leading to treatment resistance.

Progressive multifocal  leukoencephalopathy
(PML) is a devastating infectious disease of the
brain that is caused by JC virus (JCV) in the context of
cellular immunodeficiency. To date, no effective anti-
viral treatment for PML exists, and survival depends
on the person’s ability to achieve timely immune
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