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a b s t r a c t

Coronavirus disease 2019 (COVID-19) has become the greatest threat to human society in a century. To
better devise control strategies, policymakers should adjust policies based on scientific evidence in hand.
Several countries have limited the epidemics of COVID-19 by prioritizing containment strategies to
mitigate the impacts on public health and healthcare systems. However, asymptomatic/pre-symptomatic
transmission of COVID-19 complicated traditional symptom-based approaches for disease control. In
addition, drastic population-based interventions usually have significant societal and economic impacts.
Therefore, in Taiwan, the containment strategies consisted of the more extended case-based in-
terventions (e.g., case detection with enhanced surveillance and contact tracing with active monitoring
and quarantine of close contacts) and more targeted population-based interventions (e.g., face mask use
in recommended settings and risk-oriented border control with corresponding quarantine requirement).
The success of the blended approach emphasizes not only the importance of evidence-supported poli-
cymaking but also the coordinated efforts between the government and the people.
© 2020 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

After the discovery of coronavirus disease 2019 (COVID-19)
outbreak in Wuhan, China, in December 2019, this novel disease,
caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has become the most severe infectious disease threat in a
century. Scientists and policymakers struggled to devise best
practices, which we knew little about at the early stages of the
pandemic, to stop the spread of the disease. Because effective
pharmaceutical interventions were lacking, non-pharmaceutical
interventions (NPIs), e.g., quarantine, social distancing, personal
hygiene, and face mask use, become mainstays of COVID-19 control
[1e4]. Nevertheless, the widespread use of NPIs significantly dis-
rupted normal life, especially when drastic interventions such as
travel restrictions, city-wide lockdowns, shelter-in-place, or
continued school closure, were implemented. These measures also
had severe economic impacts, making sustainment of these control
measures difficult. Modifying disease control strategies that strike a
balance between COVID-19 control and extreme economic down-
turn requires understanding the key epidemiological parameters
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and transmission dynamics of COVID-19 (Fig. 1).
2. R0 and case fatality rate: choosing between containment
and mitigation strategies

While the estimated reproduction number (R0) in the initial
outbreaks inWuhan, China, and other countries was relatively high,
ranging from 2.5 to 5.1, in outbreaks that started by disease intro-
duction through the importation of cases, R0 was lower, from 2.1 to
3.2 [5]. The lowered R0 might have resulted from better awareness
and knowledge about COVID-19 transmission, better preparedness,
or corresponding interventions [6]. In settings where epidemics
were under control, the effective reproduction number (Rt) could
be reduced to < 1 [7,8]. Because COVID-19 and pandemic influenza
have similar R0, clinical characteristics, and clinical severity [9],
several countries attempted to develop control strategies based on
their pandemic influenza preparedness plans and vacillated be-
tween containment (prevent community transmission) and miti-
gation (reduce disease burden) strategies (Fig. 1) [10].

Although countries with better preparedness and outbreak
response may have a smaller R0, indicating the possibility to use
mitigation strategies for disease control, the choice between
containment and mitigation strategies is not dichotomous. Because
of the lack of immunity to SARS-CoV-2 in the general population,
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:drhao@cdc.gov.tw
mailto:dr.hao.tw@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.bbrc.2020.10.100&domain=pdf
www.sciencedirect.com/science/journal/0006291X
www.elsevier.com/locate/ybbrc
https://doi.org/10.1016/j.bbrc.2020.10.100
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.bbrc.2020.10.100
https://doi.org/10.1016/j.bbrc.2020.10.100


Fig. 1. Conceptual diagram of key COVID-19 control measures adapting from the framework of Susceptible-Exposed (Infected)-Infectious-Recovered (SEIR) compartmental model.
Black texts indicate key epidemiological parameters. Colored texts indicate interventions targeting different epidemiological parameters or people at different stages of disease
(green: case-based; blue: population-based; purple: interventions for mitigation). (For interpretation of the references to colour in this figure legend, the reader is referred to the
Web version of this article.)
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public health and the healthcare system may be quickly over-
whelmed from the exponential growth of patients when the dis-
ease is introduced into the community [11]. Early implementation
of containment policies may spare public health and healthcare
systems from being inundated, allowing communities to continue
mitigation plans. However, mitigation of disease relies heavily on
pharmaceutical interventions such as effective vaccines to alleviate
disease burden. The lack of effective pharmaceutical treatments
and vaccines for COVID-19 further decreases the possibility of
implementing mitigation strategies alone to lessen the disease
burden.

Therefore, several countries, such as South Korea, Australia, and
New Zealand, chose to use “containment as mitigation” approach
or “elimination strategy.” By prioritizing containment strategies,
they successfully suppressed epidemics and preserved public
health and healthcare capacity for mitigation [10,12].
3. Pre-symptomatic/asymptomatic transmission and its
implication on policy

Because the most infectious period of Severe Acute Respiratory
Syndrome (SARS) starts after symptom onset, SARS outbreak in
2003 was contained based on symptom-based approaches,
including fever screening and isolation of symptomatic patients.
However, COVID-19 is a different story. Both the virological and
epidemiological studies suggested that the transmission of COVID-
19 may start at least 2 days before symptom onset, peak soon after
patients become symptomatic, and decrease to low levels after 10
days [13e18]. In addition to disease transmission before symptom
onset, there are also patients who have asymptomatic infections
[17e20]. Although there is little evidence of confirmed trans-
mission caused by asymptomatic patients, most researchers still
consider asymptomatic patients to have some degree of trans-
missibility, especially when patients were pauci-symptomatic,
instead of being true asymptomatic [20,21].

Pre-symptomatic and asymptomatic disease transmission have
policy implications:
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First, the effectiveness of symptom- or test-based measures are
reduced. Symptom- or test-based approach to identify COVID-19
patients usually cause longer delays for diagnosis. By the time pa-
tients have been diagnosed, onward transmission is likely to have
occurred. This delay is further exacerbated in patients with severe
clinical manifestations, which usually occur in the second week
after disease onset [22,23]. Therefore, when patients present with
fever, dyspnea, or other symptoms/signs of pneumonia at the clinic,
they had already spent their most infectious period in the com-
munity. The opportunity of stopping onward transmission would
have been missed. The first wave of COVID-19 in Europe and the
Americas followed this pattern.

Second, pre-symptomatic/asymptomatic transmission points to
the importance of more extensive approaches to disease control,
including social distancing measures like movement restriction,
school closures, restriction on mass gathering, or shelter-in-place.
Pre-symptomatic and asymptomatic disease transmission also
suggests the need to extend case-based interventions, such as the
use of mass testing or quarantine requirement, especially for
asymptomatic individuals at higher risk for infection.
3.1. Proactive response and blended approach in Taiwan

Because of the aforementioned epidemiologic characteristics,
most countries that had delayed response failed to implement
containment strategies during the tiny window of opportunity to
reduce community transmission, and struggled to strike a balance
between easing the social distancing restrictions and fighting
against the re-surging epidemics.

Having learned the importance of surveillance from the SARS
outbreak in 2003, Taiwan established comprehensive surveillance
systems [24] and was one of the few countries that could initiate
response at a very early stage of the COVID-19 outbreak [25]. The
Taiwanese government decided to initiate more proactive re-
sponses, aiming for containment and thusmitigating the burden on
public health and healthcare systems, right after the detection of
COVID-19 outbreak in Wuhan [25]. Therefore, Taiwan was able to
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adopt containment measures and preserve the capacity for miti-
gation. In Taiwan, only around 500 cases were confirmed by the end
of September 2020 with 7 deaths. No locally-acquired cases hav
been identified since mid-April [51].

Critical measures for containment in Taiwan included two parts:
1) case-based interventions, including case detection via active and
passive surveillance systems, contact tracing, and outbreak man-
agement; and 2) population-based interventions, including travel
restriction, border control, social distancing, personal hygiene, and
face mask use (Fig. 1) [26].

Because pre-symptomatic transmissions exist, traditional case-
based interventions, such as contact tracing with health moni-
toring, would not be sufficient for COVID-19 control [27e29].Wide-
ranged population-based interventions, which indiscriminately
prevent transmission at the pre-symptomatic and symptomatic
phase (Fig. 1), might have greater effects but also cause significant
societal and economic impacts [30]. Therefore, Taiwan’s blended
approach aims tomake the targeted case-based interventions more
extended to cover pre-symptomatic/asymptomatic patients, and
make the extended population-based approach more targeted to
preserve public health and healthcare capacities (Fig. 2).
3.2. Case-based interventions

3.2.1. Case detection through active travel history alert and
enhanced laboratory surveillance

In Taiwan, case detection’s sensitivity and timeliness were
improved by adapting and enhancing existing surveillance systems
[24,25,51] . COVID-19 was listed as a notifiable disease on January
15. Every patient who met the case definition, including clinical,
epidemiological, and laboratory criteria, would be required to be
reported to the National Notifiable Disease Surveillance System. A
critical component of the epidemiological criterion was travel his-
tory. The first imported COVID-19 case had lived in Wuhan, China,
and was detected in Taiwan on January 21, 2020 [31]. Travel history
listed in the case definition expanded as the disease spread from
Wuhan to other parts of China, Europe, the Americas, and the entire
world by mid-March [25,26,32]. Immigration records were linked
to the electronic medical records using the existing information
infrastructure of the National Health Insurance System, and pro-
vided travel history alerts for physicians seeing patients in clinics
[26]. The alerts significantly increased doctors’ awareness of
Fig. 2. Key extended case-based and targeted population-
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patients’ travel history and the sensitivity of case detection.
As the number of locally-acquired cases increased, several

enhanced laboratory surveillance measures were implemented to
detect possible cases without relevant history [26]. Respiratory
samples from patients with suspected novel influenza A infections,
patients reported to have influenza infections with severe com-
plications, and selected patients who presented with influenza-like
illnesses at sentinel clinics, were tested for COVID-19. The first
patient without clear source of infection was reported on February
16 through enhanced surveillance.

When the number of patients with unknown COVID-19 infec-
tion sources increased, the criteria for lab testing were extended to
high-risk groups (e.g., healthcare workers) who had no relevant
travel or exposure history. The time from patients’ disease onset to
notification was kept at <3 days, indicating good efficiency and
sensitivity of Taiwan’s surveillance system, and contributed to
timely control of early outbreaks [33,34,51].

3.2.2. Contact tracing with corresponding quarantine measures
In Taiwan, contact tracing was performed by case investigation

teams that consisted of trained field epidemiologists and public
health workers in central and local health departments. When a
COVID-19 patient was confirmed, the case investigation team
would investigate every possible contact. Close contact was a per-
son who had face-to-face contact with a confirmed case for more
than 15 min [15]. Contact tracing is usually completed within 48 h
of case confirmation [35]. Contacts at higher risk for being infected
(close contacts) were required to undergo 14-day quarantine with
health monitoring. Contacts exposed in high transmission risk
settings, e.g., households, hospitals, or in a cluster, may be tested for
COVID-19, regardless of their symptoms, to detect cases earlier [15].
An electronic tracking platformwas implemented to facilitate close
contacts’ follow-up and reduced the workload of contact tracers
[35].

3.3. Population-based interventions

Population-based interventions implemented in Taiwan
included border control, travel restriction, social distancing, per-
sonal hygiene, and face mask use. These measures, especially travel
restrictions, border control, and social distancing, were not
explicitly targeted to COVID-19 cases. But, they usually have more
based interventions for COVID-19 control in Taiwan.
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extensive impacts on the society and the economy, and were not
traditionally recommended as critical measures for epidemic con-
trol. Although some population-based interventions such as face
mask use and travel restrictions did not generate attention at the
beginning of the pandemic, recent studies have shown promising
impacts [36e38].

3.3.1. Travel restrictions and border control
From the early stage of the pandemic, targeted border control

and travel restrictions were implemented by rapid risk assessment
for specific regions or countries, which aligned with the travel
history listed in the case definition for surveillance in Taiwan [51].
The targeted approach gave public health professionals and labo-
ratories time to scale up their capacity without being overwhelmed.
Using this framework, travel restriction and border control
extended from the city of Wuhan to the whole world in accordance
with global disease spread in two months. A 14-day quarantine for
all inbound travelers has been required since mid-March [26].

Because more than 90% of patients’ incubation periods fell
within seven days after exposure and the disease have a short in-
fectious period [14e16], the risk of being infectious beyond the 14-
day quarantine periods was considered low [39]. After COVID-19 in
Taiwan seemed to have been ameliorated, the Central Epidemic
Command Center (CECC), which oversees COVID-19 response for
Taiwan, devised a strategy of shortening the quarantine periods to
five or seven days for inbound travelers arriving from countries
with low or low-moderate risk of exporting COVID-19 cases from
specific countries [40].

3.3.2. Face mask use and supply
Although no recommendation for universal masking was pro-

nounced by CECC, Taiwanese already developed the culture of
wearing face masks, especially when they have respiratory symp-
toms or fever, after the SARS outbreak in 2003. This time, CECC took
several important measures to secure the supply of face masks and
reduced the barrier to using facemasks in daily life [26]. The impact
of increased face mask use is evident by the decrease of influenza
and other respiratory diseases, another unexpected effect of
COVID-19 control in Taiwan [34,41].

3.3.3. Physical and social distancing
By proactively implementing border control with quarantine

and case-based interventions, no large-scale social distancing
measures, e.g., movement restriction, lockdown, school closures, or
shelter-in-place was initiated in Taiwan. The start of the spring
semester was once delayed by two weeks in February, but no other
delays of school opening were required afterward.

The general public was constantly reminded to practice a
physical distance of 1.5 m indoors and 1 m outdoors and avoided
crowded places. When physical distancing could not be practiced,
such as on public transportations, face mask use is obligatory.
Restaurants have remained open, though some have added parti-
tions or took out seats to help keep patrons in practicing physical
distancing. No restriction on people’s movements such as lockdown
has been implemented, but face mask use on public transportation
and certain enclosed indoor settings were recommended when the
pandemic seemed to be prolonged [26].

4. Discussion

Real-time surveillance and risk assessment, early proactive
intervention, extended case-based interventions, and targeted
population-based interventions, all contributed to Taiwan’s success
in controlling COVID-19. These efforts could only be made by better
understanding the transmission dynamics of this novel pathogen
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and the refinement of existing public health systems and resources.
As we contemplate strategies in wait for the next wave of

COVID-19, we must first realize that Taiwan’s current case-based
intervention success comes with a high price tag on human re-
sources, especially for contact tracing, which is labor-intensive,
despite the assistance of electronic management system. The lab-
oratory testing program, which is vital in identifying cases for
additional investigation, also has limited capacity [42]. The design
of testing strategy affects the sensitivity and comprehensiveness of
case detection, especially when pre-symptomatic and asymptom-
atic transmissions increase, because the sensitivity of molecular
testing in identifying SARS-CoV-2 infection is time-dependent [42].
If and when cases increase, accurately defining and devising testing
strategies for case identification followed by case investigation and
contact tracing will help prioritize the use of limited human and
laboratory resources. For example, a periodic testing program in the
high-risk population, or applying the test for specific groups whose
time of exposure could be assumed (e.g., contacts of confirmed
cases or inbound travelers), might be considered when we would
like to expand the testing program to identify more asymptomatic
patients before onward transmission occur [43]. Even though the
contact tracing program was already robust in Taiwan, scaling up
during large epidemic would still be of concern. In addition to
digital assistance, such as electronic management system or con-
tact tracing app, to reduce the workloads for humans, more accu-
rate risk stratification based on the infectious period and high-risk
exposure setting could ameliorate the program [15,44]. For
example, because the most infectious period of COVID-19 falls
within the first week after symptom onset, modifying case isolation
and contact quarantine policies could free up the public health and
healthcare capacities [15,16]. Japan’s cluster-based approach might
be an alternative as well when surge capacity is anticipated [45].

Given that the impacts of population-based intervention could
be reflected by their collateral effects on influenza or other respi-
ratory diseases, the epidemics in countries with low influenza ac-
tivity seemed not to be fully relieved [4,46e48]. This observation
suggests the combined case-based and population-based in-
terventions might still be necessary to minimize community
transmission. On the other hand, drastic population-based in-
terventions such as travel restrictions, border control, extreme so-
cial distancing, and universal use of face masks have generated
significant economic, societal, and ecologic impacts. Travel re-
strictions and border control still led to 0.6% of economic contrac-
tion in Taiwan [49]. When thrown away, disposable face masks
become wastes, polluting the environment, if not disposed of
properly. Although these measures’ effectiveness in easing the
epidemic might be evident, the cost-effectiveness has not been
well-documented, especially when costs other than medical care
are factored in.

To prepare for the next wave, sustainable strategies should be
devised. For countries that stopped the first wave of the COVID-19
outbreak through city-wide or even country-wide lockdowns,
developing a strategy for re-opening and preparing for the next
wave using modified case-based and population-based in-
terventions, relied on more refined public health policy planning
and resource allocation. Compiling previous experience, learning
from other countries, and adapting infectious disease modeling
could lead to more creative and flexible strategies [10]. One
modeling study in Taiwan showed that case-based interventions
complement population-based interventions, especially when R0 is
still high [34]. Establishing a more robust case-based intervention
program to reduce disease burden could also reduce the need for
drastic population-based interventions, thus lessening the negative
effects these policies cause. For Taiwan, the aforementioned ap-
proaches are mainly containment strategies, aimed at reducing
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disease transmission. However, other countries’ experiences have
shown that widespread community transmission might be inevi-
table, especially when drastic NPIs such as border control or social
distancing could not be sustained. Therefore, scaling up prepared-
ness and response plans is an important task, especially in the
coming influenza season [50]. Although the experience in southern
hemisphere countries showed that one collateral effect of COVID-
19 response was a skipped influenza season [48], scaling-up
testing capacity, using appropriate laboratory tests to distinguish
SARS-CoV-2 from other respiratory viruses efficiently, and triaging
patients with respiratory infections, would be major challenges in
the winter months.

Ultimately, the goal of case-based and population-based inter-
vention policies is to protect our healthcare capacity, which sick
patients would all require eventually. For patients to have quality
healthcare, we first need to ensure that our clinics and hospitals
have adequate human resources, personal protective equipment,
and laboratory testing capacity. Optimizing the strategies, including
identifying community cases via targeted testing, triaging patients
of varying disease severities, and adjusting isolation and quarantine
practices, require better and more accurate understanding of the
transmission dynamics of COVID-19. By accumulating more
empirical intervention data from different settings worldwide and
utilizing the information in modeling studies, we can better inform
policymaking.

5. Conclusion

Through a blended approach that combined extended case-
based and targeted population-based interventions, Taiwan had
successfully controlled the first wave of COVID-19. The experience
in implementing evidence-supported disease control measures and
allocating limited resources may lead us to soon find a new normal
for the next phase.
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