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Objectives: At the beginning of the coronavirus disease 2019 (COVID-19) pandemic, some countries imposed entry bans against Chinese visitors. We sought to identify the effects of border shutdowns on the spread of the COVID-19 outbreak.
Methods: We used the synthetic control method to measure the effects of entry bans against Chinese visitors on the cumulative number of confirmed cases using World Health Organization situation reports as the data source. The synthetic control method constructs
a synthetic country that did not shut down its borders, but is similar in all other aspects.
Results: Six countries that shut down their borders were evaluated. For Australia, the effects of the policy began to appear 4 days after
implementation, and the number of COVID-19 cases dropped by 94.4%. The border shutdown policy took around 13.2 days to show
positive effects and lowered COVID-19 cases by 91.7% on average by the end of February.
Conclusions: The border shutdowns in early February significantly reduced the spread of the virus. Our findings are informative for
future planning of public health policies.
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INTRODUCTION
The World Health Organization (WHO) declared the coronavirus disease 2019 (COVID-19) to be a pandemic on March 11,
2020. The first case was reported on November 17, 2019 in
Hubei, China [1]. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus that causes COVID-19, is thought
to have jumped from an animal host to humans [2]. By January 23, 2020, 17 deaths and 571 confirmed cases were reported
in China [3], and on January 23, 2020, the Chinese government
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locked down Wuhan and other cities in Hubei to contain the
COVID-19 outbreak [4,5] (Supplemental Material 1). The shutdown of Wuhan delayed the arrival of the coronavirus in other
cities in China by 3 days [6].
The number of confirmed cases in China increased dramatically compared to the rest of the world until the end of February (Supplemental Material 1). Fifty-five countries had confirmed cases as of February 29, 2020.
Various policy options exist to control the spread of a virus,
and border shutdowns are a relatively extreme policy tool that
can be considered. Travel restrictions have been implemented
previously, although to a more limited extent. For example,
during the 2009 H1N1 pandemic, travel bans to and from Mexico, screening of travelers on entry into airports, and travel advisories against non-essential travel to Mexico were put into
place [7]. The rapid spread of the Ebola outbreak in West Africa
in 2014 led a number of countries and airline companies to issue travel bans to the affected areas [8]. Studies in the litera-
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ture used computational models to estimate the effects of
these travel bans and found that they led to significant delays
[7-9]. Based on these previous studies, some countries began
to impose entry bans to counteract the spread of COVID-19.
Kuwait was the first country to impose such a policy, on January 31, 2020 [10]. A total of 15 countries imposed entry bans
on Chinese visitors by the end of February. Among these 15
countries, 6 had confirmed cases by the time they imposed
entry bans on Chinese visitors: Australia (February 1, 2020) [11],
Singapore (February 2, 2020) [12], the United States (February
2, 2020) [13], Vietnam (February 3, 2020) [14], Taiwan (February
7, 2020) [15], and Hong Kong (February 8, 2020) [16]. The remaining countries did not have any confirmed cases (Oman,
Kuwait, Bahrain, Israel, New Zealand, and Iraq) [10,17-21] or had
only 2 confirmed cases (the Philippines, Russia, and Lebanon)
[22-25]. Shutting down the border might be a costly decision.
Therefore, measuring the benefits of these policies is very important. Herein, we evaluated the effects of imposing entry
bans on Chinese visitors using the synthetic control method.

METHODS
Synthetic Control Method
The synthetic control method, which was originally developed by Abadie and Gardeazabal [26], is used to estimate the
effects of an intervention of interest using a weighted combination of untreated units. Even if the sample size is small, the
combination of control units provides a more valid analysis
than the results of a single control group. In contrast to the
traditional regression approach, the synthetic control method
has transparency against extrapolation [27]. It has been used
to estimate the effects of terrorist activity on economic growth,
tobacco control programs on tobacco sales, and the imposition
of new health care reimbursement schemes—such as qualityadvancement programs—on mortality [28,29]. These methods attempt to model a counterfactual situation related to an
event, and the situation evaluated in this paper perfectly fits
this approach. For example, in this work, we sought to model
Australia if it had not closed its borders to Chinese visitors on
February 1, 2020. To do this, the synthetic control method was
used to construct a synthetic Australia using the pre-intervention time period between January 21, 2020 and January 31,
2020. Possible candidates for a synthetic Australia are countries that had confirmed COVID-19 cases by the end of February, but did not shut down their borders to Chinese visitors.
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Table 1. List of countries that imposed an entry ban for Chinese visitors by February 29, 2020
Country

Date of entry
ban in 2020

Cumulative no. of confirmed cases
on the date of the entry ban

Australia

Feb 1

12

Singapore

Feb 2

18

USA

Feb 2

8

Vietnam

Feb 3

8

Taiwan

Feb 7

16

Hong Kong

Feb 8

26

Some countries in the possible donor pool for the synthetic
model, such as Korea and Italy, experienced a spike in confirmed
cases and themselves became a source of viral spread. To minimize these confounding effects of other viral sources, we used
a period extending to the end of February, when China was
the only source. The possible synthetic donor pool comprised
the 39 countries shown in Supplemental Material 2.
The synthetic control method constructs a synthetic country
using the cumulative confirmed cases during the pre-intervention period and various factors that determine the spread
of the virus. If there are no cumulative confirmed cases, or only
a very small number of cases by the time of the policy intervention, we cannot properly construct a synthetic country.
Therefore, we excluded countries with 2 or fewer confirmed
cases by the time of the policy intervention, and focused on
the 6 countries listed in Table 1. The cumulative number of
confirmed cases by the intervention date ranged from 8 to 26.
The intervention date of these 6 countries varied from February 1, 2020 to February 8, 2020.
In addition to the cumulative number of confirmed cases,
other factors that affect the spread of the virus include demographic factors, economic factors, the healthcare environment,
and the number of Chinese visitors. The demographic factors
analyzed herein were the total population and the percentage
of the population aged ≥65. The economic situation was reflected by using gross national income (GNI) per capita. Health
conditions and the healthcare environment were captured by
life expectancy at birth, percentage of gross domestic product
(GDP) spent on health expenditures, and the number of physicians per 1000 people.

Data
The cumulative numbers of confirmed cases were collected
using WHO situation reports [30]. The report included 10 cases
from the Diamond Princess cruise ship for Japan on February 5,
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2020. We recalculated the cumulative number of cases for Japan,
including the Diamond Princess cruise ship, based on the true
date of confirmation. Data from the World Bank were used to
determine the total population, the percentage of the population aged ≥65, GNI per capita, life expectancy at birth, the percentage of GDP spent on health expenditures, and the number
of physicians per 1000 people. The most recent World Bank data
are from 2018 [31]. Since the World Bank data do not include
Taiwan, we used national statistics from the Republic of China
for Taiwan [32] and collected information from 2018. Information on the healthcare environment of Hong Kong was obtained
from the Department of Health and the Food and Health Bureau [33,34], and data from 2018 are the latest available.
One of the most important factors contributing to the spread
of SARS-CoV-2 may have been the number of Chinese visitors
who brought the virus into the country. The Yearbook of Tourism Statistics presents the number of Chinese visitors to each
country in 2018 [35]. Since Chinese visitors to Pakistan were
not reported in the yearbook, we used a separate source [36].

Ethics Statement
This study did not require ethical approval because it used
public data and did not involve human participants.

RESULTS
In this section, we present the effects of the entry ban for
Chinese visitors on the cumulative number of confirmed cases
of COVID-19 for the 6 countries (Supplemental Material 3) listed in Table 1. The results for Australia, which imposed an entry
ban on February 1, 2020, are shown in Figure 1A. Australia
confirmed the first 3 cases on January 25, 2020 and the cumulative number of confirmed cases had reached 12 when the
entry ban for Chinese visitors was imposed. The number of cumulative confirmed cases was 15 on February 7, 2020 and remained steady for the next 13 days. The number of cumulative
confirmed cases reached 24 by the end of February. In Figure
1A, the dotted line shows the number of cumulative confirmed
cases for synthetic Australia. Synthetic Australia had 15 cumulative confirmed cases on February 5, 2020, which then exponentially increased. On February 17, 2020, the number of cumulative cases without an entry ban for Chinese visitors increased above 200, which is our maximum on the graph. By
the end of February, this number was 425 compared to the actual number of 24. In the comparison between real and syn-

thetic Australia, all variables were similar. Synthetic Australia
was made up of a combination of Japan (44.8%), Norway (34.8%),
and United Arab Emirates (20.4%).
Figure 2A presents the number of infected cases avoided by
the entry ban for Chinese visitors, which is the difference between synthetic Australia (without an entry ban) and real Australia (with an entry ban). The vertical dotted line on February
1, 2020 indicates the date of the policy. Before the policy intervention, there was almost no difference between real and synthetic Australia, which confirms that synthetic Australia was
well constructed. The effects of the policy began to appear 4
days after it was implemented, as real Australia had 2.8 fewer
cases. This increased to 401 fewer cases by the end of February,
corresponding to a 94.4% decrease in infected cases: 425 (synthetic Australia) versus 24 (real Australia).
Singapore imposed an entry ban on February 2, 2020. We
present the results for Singapore in Figures 1B and 2B. Synthetic Singapore was composed of Thailand (48.1%), Korea
(35.9%), and San Marino (16.0%). Figure 1B shows that during
the pre-intervention period, synthetic Singapore modeled real
Singapore well. The cumulative number of confirmed cases
steadily increased in real Singapore. However, the cumulative
cases for synthetic Singapore increased slowly until February
20, 2020, when they exponentially increased. As a result, the
number of avoidable cases was temporarily negative and then
became positive from February 21, 2020 onward. By the end
of February, an entry ban for Chinese visitors lowered the number of cumulative cases by 1151, which is a 91.5% decrease in
infected cases: 1151 (synthetic Singapore) versus 98 (real Singapore). It took 19 days for effects of the policy to appear, but
the number of avoidable cases exponentially increased.
We also present the results for the Unite States, which implemented its policy on February 2 at 5:00 p.m. Eastern time
(Figures 1C and 2C). The WHO situation report uses Central European Summer Time (CEST), and considering the time difference, the United States’s entry ban for Chinese visitors went
into effect on February 3, 2020 CEST. Figure 1C shows that the
synthetic United States adequately modeled the real United
States during the pre-intervention period (Supplemental Material 3 for lists of countries used to construct the synthetic
United States). Sixteen days after the ban, the number of
avoidable infected cases was 2, and by February 25, 2020, the
number exceeded 50, which is the maximum on the graph.
This intervention postponed the outbreak by at least 16 days.
Without the entry ban, the cumulative number of confirmed
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Figure 1. Effects of the entry ban on the coronavirus disease 2019 (COVID-19) epidemic: cumulative number of confirmed cases
in the real country (with an entry ban) and synthetic (without an entry ban). (A) Australia, (B) Singapore, (C) USA, (D) Vietnam, (E)
Taiwan, and (F) Hong Kong..

cases was estimated to be 331 instead of 62 by the end of February, which is an 81.3% difference in infected cases: 331 (synthetic United States) versus 62 (real United States).
The next results are for Vietnam, which imposed an entry
ban on February 3, 2020 (Figures 1D and 2D). At the time of
the policy’s implementation, the number of cumulative confirmed cases was only 8, which is the smallest among the 6
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countries that we examined. Synthetic Vietnam was composed of Cambodia (45.5%), Korea (23.3%), India (20.6%), and
Thailand (10.6%). The gap between real and synthetic Vietnam
was minimal during the pre-intervention period and continued
until February 19, 2020. Starting on February 20, 2020, synthetic Vietnam showed exponential growth and the number
of avoidable infected cases sharply increased. By the end of
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Figure 2. Avoidable infected cases due to the entry ban. This number is calculated by subtracting the number of cases in the real
(without an entry ban) from synthetic (with an entry ban) cases (A: Australia, B: Singapore, C: USA, D: Vietnam, E: Taiwan, and F:
Hong Kong).

February, 723 cumulative infections were avoided due to the
entry ban for Chinese visitors. This reflects a 97.8% decrease in
the number of infected cases: 723 (synthetic Vietnam) versus
16 (real Vietnam).
Taiwan had its first confirmed case on January 22, 2020, and
the number of cases slowly increased (Figures 1E and 2E).
When Taiwan imposed an entry ban on February 7, 2020, the

number of cumulative confirmed cases was 16. The number
remained steady at 18 cases for 7 days until February 16, 2020,
when the number of confirmed cases slowly increased. Synthetic Taiwan was composed of Korea (26.0%), United Arab
Emirates (25.2%), Canada (23.0%), Thailand (21.1%), and San
Marino (4.7%). Synthetic Taiwan also mimicked real Taiwan
well during the pre-intervention period and the number of
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cumulative confirmed cases increased slowly and steadily.
Synthetic Taiwan began to show an exponential growth of infected cases starting on February 21, 2020. By February 29,
2020, 797 cumulative infections were avoided due to the entry
ban for Chinese visitors. This is a 95.3% decrease in infected
cases: 836 (synthetic Taiwan) versus 39 (real Taiwan).
Hong Kong, which is connected to mainland China, imposed
an entry ban on February 8, 2020 (Figures 1F and 2F). When it
imposed the entry ban, the number of cumulative confirmed
cases in Hong Kong was 26. Without an entry ban for Chinese
visitors, the number of cumulative confirmed cases started to
grow exponentially on February 19, 2020. The number of avoidable infected cases became positive on February 19, 2020, and
increased exponentially thereafter. By the end of February, 845
infected cases were avoided due to the entry ban. This corresponds to a 90.0% decrease in infected cases: 939 (synthetic
Hong Kong) versus 94 (real Hong Kong).
We performed 2 alternative analyses. First, we added hospital
beds per 10 000 people as an additional control and found qualitatively similar results, except for the United States. The number of hospital beds in United States was extremely different
from that of its donor countries (29 in United States and 38.6
for its donor countries). Second, we estimated the daily numbers of new confirmed cases instead of cumulative confirmed
cases. Although the results were similar, there were greater
fluctuations due to the presence of more ad hoc variation.

DISCUSSION
During the COVID-19 outbreak, 93% of the world’s population lived in countries with travel restrictions by the end of
March [37]. Here, we showed that border shutdowns in early
February significantly decreased the spread of COVID-19. The
effects of border shutdowns began to appear, on an average,
13.2 days after policy intervention. This duration can be explained by 2 factors: the incubation period and exponential
growth. The incubation period of COVID-19 varies from 2 days
to 14 days, according to the WHO. It takes time for an infected
(or exposed) individual to travel from China to a destination
country and spread the virus. In addition, detection of an infected individual would occur after the number of infected individuals reaches a certain number. Combining these 2 factors
accounts for the finding that the effects took 13.2 days to be
noticeable. After this period, the countries showed a clear increase in avoidable infected cases. Chinazzi et al. [6] investi-
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gated the effects of travel limitations on the national and international spread of the epidemic using a global metapopulation disease transmission model. They found that the travel
quarantine of Wuhan delayed the epidemic progression by 3
days to 5 days in China. However, this policy reduced case importations by 80% until mid-February internationally.
Although we focused on the effects of the entry ban in the
present study, there are other effective non-pharmaceutical
interventions. For example, Korea has used an aggressive approach of testing, tracing, and treatment, and it seems to be
working well. Social distancing and wearing a mask are also
known to be effective interventions [38]. Flaxman et al. [39]
examined the impact of major non-pharmaceutical interventions in 11 European countries and found that current interventions are sufficient to control the epidemic. Haushofer and Metcalf [40] suggested that we need to try to find the best non-pharmaceutical interventions using randomized controlled trials.
Among the countries we evaluated, Australia does not share
any borders with other countries, which might have made its
situation slightly different. In particular, it may have been easier for Australia to implement a border shutdown since unauthorized border crossings can be more effectively limited.
We used the synthetic control method to quantify a counterfactual situation with no entry bans for visitors from the
country that was the primary source of the virus. A limitation
of the synthetic control method is the assumption that a country would not change its reaction to COVID-19 over time, and
the model does not fully take into account country-specific
preventive measures. This assumption may not be realistic later
in the pandemic; however, at the beginning of the COVID-19
pandemic, it appears to be valid. Countries later began to impose different shutdown policies. For example, Italy closed
schools and universities on March 4, 2020 and implemented a
country-wide quarantine on March 9, 2020.
It might be also interesting to compare different degrees of
border shutdowns (i.e., border shutdowns targeting travelers
from a specific country vs. complete border shutdowns). Unfortunately, these different policies were implemented after
mid-March and many other factors also changed at the same
time. The synthetic control method cannot isolate these different effects. Therefore, we focused on border shutdowns only
in the early stages of the pandemic. By using real-world data
instead of a simulation, our results may more closely represent
reality. Our findings are informative for public health response
planning.
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