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A B S T R A C T

Objectives: To evaluate the prevalence of infection prevention behaviors in Taiwan—wearing facemasks
and alcohol-based hand hygiene (AHH)—and compare their practice rates during SARS and COVID-19.
Methods: We surveyed 2328 Taiwanese from July 29 to August 6, 2020, assessing demographics,
information sources, and preventive behaviors during the 2003 SARS outbreaks, 2009 pandemic
influenza H1N1, COVID-19, and with post-survey intentions. Characteristics associated with the practice
of preventive behaviors in 2020 were identified through logistic regression.
Results: Preventive behaviors were conscientiously practiced by 70.2% of participants. Compared with
2003 SARS/2009 H1N1, the percentages of facemask use (66.6% vs 99.2% [indoors], P < 0.001) and on-
person AHH (44.2% vs 65.4% [hand sanitizers], P < 0.001) significantly increasedduring 2020 COVID-19.
Highest adherence to preventive behaviors in 2020 was among females (adjusted odds ratio [aOR], 1.72),
those receiving government COVID-19 information (aOR, 1.52), participants recruited from primary-care
clinics (aOR, 1.43), and those who practiced AHH during 2003 SARS/2009 H1N1 (aOR, 1.37).
Conclusions: Government leadership, healthcare providers risk communication, and public cooperation
rapidly mitigated the spread of COVID-19 in Taiwan even before vaccination. Future global efforts must
implement such population-based preventive behaviors at a level above the viral-transmission-
threshold, particularly in areas with fast-spreading SARS-CoV-2 variants.
© 2021 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

The COVID-19 pandemic has had an immense impact on global
health. It is crucial to examine how certain countries have

successfully mitigated this threat and contributed to controlling
the spread of SARS-CoV-2 more efficiently on a global scale.

Taiwan has had close cultural and economic exchanges with
China and was expected to be one of the most at-risk areas for
large-scale outbreaks of COVID-19. From January 1 to February 29,
2020, Taiwan had 45 cases (including 25 indigenous cases) when
several cities in China were facing lockdowns (Taiwan CDC,
2020a). However, in contrast to the predictions, Taiwan’s actual
numbers had thus far been minimal and well-controlled (Wang
and Ellis, 2020). Many scholars attribute Taiwan’s effective
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nhance surveillance and contact tracing, effective communica-
ion, early deployment of strict border controls (Chiu et al., 2020;
ang et al., 2020), and strengthening the health care system with

he enhanced traffic control bundling (TCB) (Yen et al., 2021). This
CB, which was developed in Taiwan during 2003 SARS, had been
roved to effectively curtail nosocomial transmission and help
ontrol the outbreaks. The TCB incorporates three components:
1) Triage before entering hospitals; (2) Separating zones of
isks; (3) Checkpoint hand disinfection. However, there were 3
ajor leaks without quarantine (Figure 1) that could have

esulted in community spread: (1) the Diamond Princess cruise
hip docked at Keelung Port, where 2694 passengers went ashore
n January 31 and visited many sites; (2) the early-March influx of
aiwanese students returning from Europe and the USA, where
ARS-CoV-2-positive cases were on the rise (Murray, 2020); and
3) the debarking of 744 crew members from a Taiwanese naval
eet in mid-April with 36 SARS-CoV-2-positive cases who had
isited many cities (Taiwan CDC, 2020b). Nonetheless, Taiwan had
nly 808 laboratory-confirmed SARS-CoV-2 cases, including 56
ndigenous cases and 7 deaths, as of December 31, 2020 (National
enter for High-performance Computing (NCHC, 2021).
During the 2003 SARS outbreaks, Taiwan had suffered from

eavy loss of healthcare workers (HCWs) (Figure 4) (Lee and
sueh, 2020; Yen et al., 2021). The specific aims of this study were:
1) to identify the preventive behaviors practiced during 2003
ARS or 2009 H1N1, (2) to investigate the role of wearing

Methods

Study design and setting

To understand the prevention behaviors practiced in Taiwan
during COVID-19 compared with those practiced during the 2
specific past outbreaks of 2003 SARS and 2009 H1N1,
we conducted a retrospective survey to determine the signifi-
cant characteristics underlying Taiwanese citizens’
participation in effectively containing the COVID-19 epidemic.
All laboratory-confirmed SARS-CoV-2 cases documented in
Taiwan’s Central Epidemic Command Center (CECC) were used
to evaluate the effectiveness of the overall prevention and
control measures.

Taiwan’s two major strategies involving citizens in mitigating
COVID-19

Community alcohol-based hand hygiene (AHH) initiative
AHH became a standard nosocomial infection control policy in

the aftermath of SARS. This policy extended beyond hospitals into
broader communities during 2009 H1N1 emphasizing the use of
alcohol-based hand sanitizers (ABHS) to prevent disease trans-
mission.

During COVID-19, the Taiwanese government encouraged
citizens to participate in the national campaign of disinfecting

igure 1. Countermeasures and an epidemic curve of the laboratory-confirmed SARS-CoV-2 cases in Taiwan from January 1 to December 31, 2020, based on the dates of
lness onset for most cases.
he bottom parts involve the 4 major public health policies, which are shown as “B” for border control, “T” for policies related to traffic control bundle or enhanced TCB (TCB or
TCB), “M” for mask-related policies, and “A” for alcohol-based hand hygiene. All the numbers are based on the order of calendar dates from when the policy started to be
plemented (Taiwan Ministry of Health and Welfare, 2020). The top 3 arrow-shaped text boxes represent the 3 major leaks (see details in the Introduction section). The

verall public health prevention measures involve 3 tiers: 1st tier with border control, 2nd tier with eTCB, and 3rd tier with public cooperation in terms of wearing masks and
xercising alcohol-based hand hygiene. Border control involves all travelers entering Taiwan requiring 14 days for quarantine plus an additional 7 days of self-health-
anagement (effective March 19, 2020). The surge of medical demand for surgical masks and the prohibition on exports of surgical masks after the lockdown in Wuhan,
hina, on January 23, 2020, provoked social panic, resulting in Taiwanese citizens rushing to stand in long lines to buy facemasks until a massive increase in facemask
roduction was achieved.
e used the dates of illness onset for most cases (529/808, 65.5%) with clear information. However, 279 cases (279/808, 34.5%) without clear onset dates of illness, including
58 asymptomatically infected SARS-CoV-2 cases (258/ 279, 92.5% [identified by antibody test]) were plotted by laboratory-confirmation dates because onset dates of illness
ere not available for asymptomatic SARS-CoV-2 cases and a small proportion of the cases were identified either from contact tracing with time delays or from retrospective
boratory tests of SARS-CoV-2 for the reported human influenza severe cases with influenza-negative laboratory results, based on the recommendations from the Taiwan
OVID-19 advisory group meeting. All these data were released by Taiwan CDC and were accessible on January 16, 2021 (National Center for High-performance Computing
NCHC, 2021).
acemasks and practicing alcohol-based hand hygiene (AHH) as
art of the Taiwanese preventive behaviors in COVID-19, and (3) to
earch for characteristics associated with persistently practicing
hese preventive behaviors from the 2003 SARS/2009 H1N1 era to
OVID-19 in 2020. We hope our findings can help in combating
OVID-19 more effectively.
47
hands before entering and leaving hospitals to prevent infections
(Taiwan CDC, 2020c).

Community facemask initiative
The practice of wearing facemasks in response to an

emerging respiratory disease started from countries affected
0
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by the 2003 SARS outbreaks and it has become a personal
protection behavior since then (Chen et al., 2004; Feng et al.,
2020). As SARS-CoV-2 proved to be transmissible via droplets
even before symptoms appear (To et al., 2020), government
guidelines reinforced that citizens should wear facemasks in 8
types of public venues (Footnotes of Table 1) and in areas
where appropriate physical distancing is not possible (Taiwan
CDC, 2020d).

Survey of preventive behaviors practiced by Taiwanese citizens

Study population
To explore Taiwanese citizens’ (including patients) preventive

behaviors regarding wearing facemasks and practicing AHH in
COVID-19, we administered an anonymous questionnaire to

Data collections and variables
The questionnaire involved 3 parts: (1) demographic character-

istics (age, gender, and location of residence in Taiwan); (2) sources
of information (government agencies (such as the Taiwan CECC),
television, newspaper, internet news, social media, online infor-
mation, and relatives/friends); and (3) preventive behaviors during
the 3 periods, that are: (1) the past (i.e., during the 2003 SARS
outbreaks or the 2009 H1N1 pandemic influenza), (2) present
period in 2020 (from the beginning of the COVID-19 lockdown in
Wuhan in 2020 and the subsequent period of intense transmission
of SARS-CoV-2 in Taiwan until June 7, 2020), and (3) the future,
meaning, after the easing of COVID-19 restrictions in Taiwan (i.e.,
after this survey) (see Supplementary 1: questionnaire). To fully
understand the questions in the questionnaire, we held a small
focus group involving 35 participants in a pilot study. After

Table 1
Characteristics of participants with good and poor preventive behaviors against SARS-CoV-2 infection.

Characteristics No. (%) of participants*

Total, N = 2328 Individuals with poor preventive
behaviors against SARS-CoV-2
infection (PPBG), n = 694

Individuals with good preventive
behaviors against SARS-CoV-2
infection (GPBG), n = 1634

P value

Demographics 　 　 　 　

Age, years (mean � SD) 48.9 � 12.1 49.0 � 12.6 48.8 � 11.9 0.748
18–49 1142 (49.1) 334 (48.1) 808 (49.5) 0.559
�50 1186 (51.0) 360 (51.9) 826 (50.6) 　

Gender 　 　 　 　

Female 1403 (60.3) 357 (51.4) 1046 (64.0) <0.001
Male 925 (39.7) 337 (48.6) 588 (36.0) 　

Recruitment methods 　 　 　 　

Web system 1583 (68.0) 496 (71.5) 1087 (66.5) 0.064
Primary-care clinics 260 (11.2) 68 (9.80) 192 (11.8) 　

Others 485 (20.8) 130 (18.7) 355 (21.7) 　

Sources of COVID-19 prevention information 　 　 　 　

Taiwan Central Epidemic Command Center 1917 (82.4) 536 (77.2) 1381 (84.5) <0.001
Internet news 1522 (65.4) 446 (64.3) 1076 (65.9) 0.462
Television 1479 (63.5) 445 (64.1) 1034 (63.3) 0.700
Social media 1420 (61.0) 424 (61.1) 996 (61.0) 0.949
Online information 671 (28.8) 182 (26.2) 489 (29.9) 0.071
Newspapers 312 (13.4) 114 (16.4) 198 (12.1) 0.005
Relatives/friends 192 (8.3) 64 (9.2) 128 (7.8) 0.265

Past preventive behaviors 　 　 　 　

Wearing mask 1551 (66.6) 453 (65.3) 1098 (67.2) 0.368
Regularly disinfecting hands with ABHS 1029 (44.2) 273 (39.3) 756 (46.3) 0.002

Present preventive behaviors 　 　 　 　

Wearing mask indoors or while taking mass transportation 2309 (99.2) 679 (97.8) 1630 (99.8) <0.001
Wearing mask outdoors 1884 (80.9) 639 (92.1) 1245 (76.2) <0.001
Disinfecting hands with ABHS while entering a building 2290 (98.4) 658 (94.8) 1632 (99.9) <0.001
Carrying ABHS 1523 (65.4) 66 (9.5) 1457 (89.2) <0.001
Increasing frequency of washing hands with water and

soap in public areas
2172 (93.3) 558 (80.4) 1614 (98.8) <0.001

Future preventive behaviors 　 　 　 　

Maintaining the COVID-19 preventive behaviors when no
indigenous SARS-CoV-2 cases are laboratory-confirmed

1933 (83.0) 557 (80.3) 1376 (84.2) 0.020

Maintaining the COVID-19 preventive behaviors when
sporadic cases of indigenous SARS-CoV-2 are laboratory-confirmed

2183 (93.8) 633 (91.2) 1550 (94.9) 0.001

Agreeing with and following the COVID-19 new lifestyle if
global COVID-19 pandemic would last for 1-2 years

2259 (97.0) 664 (95.7) 1595 (97.6) 0.012

*Unless stated otherwise.
ABHS, alcohol-based hand sanitizer; GPBG, good prevention behavior group; PPBG, poor prevention behavior group; SD, standard deviation.
*See the details in the Methods section.
The “good preventive behavior group” in 2020 (2020-GPBG) was defined as participants who had �4 points (taking at least 4 correct prevention measures). In contrast, the
“poor preventive behavior group” (2020-PPBG) was defined as those who had �3 points.
The government guideline is to urge citizens to wear facemasks in 8 types of public venues, including healthcare facilities, markets and shopping centers, schools/educational
centers, sporting events and exhibition venues, religious places, entertainment sites, public transportation, any type of gathering, and areas where appropriate physical
distancing (1.5-m separation indoors, and 1-m separation outdoors) is not possible (Taiwan Centers for Disease Control (Taiwan CDC, 2020d).
Taiwanese residents from July 29 to August 6, 2020, through
several channels. Among the 2416 questionnaires returned with
complete answers for each question (Figure 2), 1646 (68.1%), 265
(11.0%), and 505 (20.9%) were collected from the web system, local
primary-care clinics, and other channels (such as e-mail, Facebook,
and LINE groups), respectively.
471
collecting this feedback, several questions were revised before
administering the final questionnaire.

Behavior scoring, outcomes, and statistical analysis
To ascertain the characteristics associated with the persistent

adoption of preventive measures during the 2003 SARS/2009
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1N1 outbreaks and during COVID-19, we developed a scoring
ystem as follows: a participant practicing any one of the correct
reventive behaviors scored “1 point” whereas a participant
eglecting to practice any one of the correct preventive behaviors
cored “0 points”. Therefore, the highest score possible for the 2020
reventive behaviors was 5 points. Wearing masks outdoors
cored 0 points in accordance with government rules in 2020
Taiwan CDC, 2020e); however, wearing masks during mass
atherings outdoors scored 1 point. Because many cautious
aiwanese citizens might have worn facemasks outdoors at all
imes, they could potentially have scored 4 points. Therefore, the
good preventive behavior group” in 2020 (2020-GPBG) was
efined as participants who had �4 points (i.e., taking at least 4
orrect prevention measures). In contrast, the “poor preventive
ehavior group” (2020-PPBG) was defined as those who earned �3
oints.
Both univariable and multivariable analyses were performed to

ompare the 2020-GPBG and 2020-PPBG. In univariable analysis,
eans of age in these 2 groups were compared using the student’s

-test. The association of categorical variables between the 2
revention groups was examined using either the chi-squared test
r Fisher’s exact test. In addition, McNemar’s test for paired data
as used to test significant differences in the practice of preventive
ehaviors between the 2003 SARS/2009 H1N1 and COVID-19 in
020 (i.e., paired 2003/2009 and 2020 data of the same person for
ach individual belonging to the 2020-GPBG vs the 2020-PPBG). In
esting the preventive behaviors in 2003/2009 versus 2020, a P-
alue <0.05 was considered statistically significant.
To assess the associations of selected characteristics with the

020-GPBG (preventive behavior scores �4), univariable and
ultivariable logistic regression analyses were performed. All
ariables found to be significant (P < 0.10) through univariable
nalysis were included in multivariable analysis using the SAS
rogram. Subsequently, multivariable analyses were conducted to
dentify the factors associated with the 2020-GPBG. A logistic
egression model with a stepwise selection of variables was used.
he variables included in the regression model were age, gender,

P-values of <0.05 were regarded as statistically significant. The
crude ORs and adjusted ORs (aORs) with 95% confidence intervals
(CIs) were reported to show the strength and direction of these
associations.

We used the ‘stats’ package in the R studio version 4.0.2 (2020-
06-22) (R Core Team, 2018) to do the statistical tests, including chi-
squared tests, McNemar tests, and fitting Generalized Linear
Models. All the multivariable data analyses were examined as 3
independent analyses. The logistic regression results from the SAS
program version 9.4 were double-checked by 2 other persons using
the R version 4.0.2 and SPSS programs version 22 to enhance
internal validity.

Evaluation of prevention and control measures

Physicians in Taiwan are required to report any suspected case
of COVID-19 to the CECC within 24 h (Taiwan CDC, 2020f).
Laboratory-confirmed cases in Taiwan are defined as SARS-CoV-2-
positive results mainly by real-time reverse transcriptase-poly-
merase chain reaction (RT-PCR) (Wölfel et al., 2020) and partially
by serological tests that quantitatively detect SARS-CoV-2 anti-
bodies in human serum, using commercial kits from Elecsys (Roche
Labs, Basel, Switzerland) (Long et al., 2020) for identifying
asymptomatic cases or late reported cases.

We calculated the overall monthly incidence rates in 2020 and
2003 and also evaluated them using the Wilcoxon rank-sum test.
Additionally, the total numbers of cases in the 5 risk groups (see the
Legends and footnotes of the Figure 4) in 2020 and 2003 were
further compared using chi-square tests (Taiwan CDC, 2020f;
Taiwan CDC, 2013) (Figure 4).

Results

Participants in the survey of preventive behaviors

This study recruited 2582 participants to investigate their
practice of preventive behaviors during COVID-19 in 2020. After
excluding 7 persons younger than 18 years old, 7 non-citizens, and
74 participants who reported not having engaged in protective
practices such as mask wearing during both the 2003 SARS and
2009 H1N1 from the 2416 participants with completed question-
naire, the remaining 2328 individuals were included in the data
analysis (Figure 2). Their demographic information was as follows:
the overall mean and standard deviation (mean � standard
deviation) of age was 48.9 � 12.1 years (68.6% were older adults
aged 40–64 years and only 4.8% were younger adults aged <25
years); 60.3% of participants were female; and 60.6%, 16.8%, 20.5%,
and 2.1% were living in northern, central, southern, and eastern
Taiwan, respectively (Table 1).

Comparison of Taiwanese participants’ 2 important preventive
behaviors against infection during the 2003 SARS/2009 H1N1
epidemic versus COVID-19 in 2020

Wearing facemasks in 2003/2009 versus 2020
The proportion of participants wearing facemasks significantly

increased from 66.6% during the 2003 SARS/2009 H1N1 pandemic
to 99.2% (P < 2.2e-16) and 80.9% (P < 2.2e-16) in indoor and
outdoor environments, respectively, during COVID-19 (Figure 3A).

igure 2. A flow chart of participant enrollment for investigating their practice of
revention behaviors during COVID-19 (2020).
inally, we excluded 7 persons younger than 18 years old, 7 non-citizens, and 74
articipants who had not experienced the 2003 and 2009 epidemics (due to using
cNemar’s tests for the paired data of those who experienced both epidemics—of
003/2009 and 2020). The remaining 2328 individuals were included in the data
nalysis.
ecruitment methods, sources of COVID-19-prevention informa-
ion, wearing of masks during the 2003 SARS/2009 H1N1 in
aiwan, and regular disinfecting of hands with ABHS during 2003
ARS/2009 H1N1 in Taiwan. The best model was selected from the
andidate models through a stepwise search. The odds ratios (ORs)
ere calculated from the coefficients of the regression models, and
47
Practicing hand hygiene in 2003/2009 versus 2020
The proportion of participants disinfecting their hands with

ABHS significantly increased from 44.2% during the 2003 SARS/
2009 H1N1 pandemic to 98.4% disinfecting hands with ABHS on
entering a commercial building or restaurant (P < 2.2e-16) and
65.4% carrying ABHS (P = 2.695e-05) during COVID-19 (Figure 3B).
2
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Characteristics of the participants with good versus poor preventive
behaviors against COVID-19

A total of 70.2% of the Taiwanese participants belonged to the
“good preventive behavior group in 2020” (2020-GPBG) (Table 1).
Univariable analysis showed that those with good preventive
behaviors during COVID-19 were significantly more likely to be: (1)
female; (2) those who received COVID-19-prevention information
from the Taiwan CECC; and (3) those who disinfected their hands
with ABHS during the 2003 SARS outbreaks/2009 H1N1 pandemic
(P < 0.01) (Table 2). Moreover, it was found that these participants
were more likely to maintain such preventive behaviors even if
there were only sporadic or zero indigenous COVID-19 cases.
However, those participants who had received COVID-19 preven-
tion information from newspapers (rather than directly from the
official CECC) were less likely to practice good preventive behavior
against COVID-19.

Characteristics associated with good preventive behaviors against
COVID-19

Multivariable logistic regression was used to identify the

against COVID-19 in 2020 (aOR >1) (Table 2): (1) females (aOR 1.72,
95% CI 1.42–2.07, P < 0.001); (2) those who received COVID-19-
prevention information from the official CECC channel (aOR 1.52
(1.21–1.91), P < 0.001); (3) participants recruited from primary-
care clinics (aOR 1.43 (1.06–1.95), P < 0.05); and (4) those who
often disinfected their hands with ABHS during the 2003 SARS
outbreaks/2009 H1N1 pandemic (aOR 1.37 (1.14–1.65), P < 0.001).
The aOR values from R and SPSS also showed similar results
(Supplementary Table 1).

Evaluation for infection control in healthcare facilities and overall
incidence and case fatality rate

The percentage of healthcare-associated infections and healthcare
worker (HCW)-related infections during COVID-19 were significantly
lower than that during the 2003 SARS outbreaks (healthcare-
associated infections: 1.1% (9/808) vs 72.0% (249/346), P < 2.2e-16;
HCWs: 0.6% (5/808) vs 32.9% (114/346), P < 2.2e-16) (Figure 4). The
percentages of cases of communityand unidentified sources in 2020
were also significantly lower compared with 2003 (community
cases: 1.1% (9/808) vs 2.6% (9/346), P = 0.061737; unidentified

Figure 3. Percentages of Taiwanese citizens practicing (A) wearing of facemasks, and (B) alcohol-based hand hygiene during the 2003 SARS/2009 H1N1 pandemics versus
during the COVID-19 pandemic in 2020.
The proportion of participants wearing facemasks and the proportion of those disinfecting hands with alcohol-based hand sanitizer (ABHS) significantly increased from the
2003 SARS/2009 H1N1 pandemics to the COVID-19 pandemic from January 23 to June 7, 2020, in Taiwan.
independent characteristics associated with good preventive
behaviors against COVID-19 in Taiwanese participants. After
controlling for demographic variables, recruitment methods, and
practice of preventive behaviors during the 2003 SARS/2009 H1N1
outbreaks, the results from the SAS program revealed 4 variables
were significantly associated with good preventive behaviors
473
sources: 1.4% (11/808) vs 7.8% (27/346), P = 1.9221e-08) (Figure 4).
As of December 31, 2020, the monthly incidence rate of laboratory-
confirmed SARS-CoV-2 cases in Taiwan (number of cases for total 12
months per 1 million of the population) in 2020 was lower than that
of SARS-CoV-1 inTaiwan in 2003 [0.2 � 0.4 (57/23,574,334/12) vs 1.2
� 2.7 (330/22,604,550/12), P > 0.05]. The case fatality rate in Taiwan
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lso had a statistically significant decrease in 2020 compared with
003 (0.9% (7/808) vs 21.1% (73/346), P < 2.2e-16).

iscussion

COVID-19 has caused major global disruptions. SARS-CoV-2 is
ighly transmissible and requires public participation in preven-
ion and control measures (Lee and Hsueh, 2020; Lai et al., 2020).
ur study has 3 unique findings with global applications. First, the
ercentages of participants wearing facemasks while also practic-
ng AHH showed statistically significant increases from the 2003
ARS outbreaks to COVID-19 in 2020 (P < 0.001), suggesting the
mportance of combining both prevention measures to halt the
ocal transmission of SARS-CoV-2. Second, risk communication is
mportant because participants in the 2020-GPBG acquired most
nformation on COVID-19 from the government CECC, had their
uestionnaires collected from primary-care clinics, and practiced
HH during the 2003 SARS outbreaks, leading to Taiwanese
itizens successfully following prevention strategies in 2020. Third,

 nationwide, integrated prevention strategy is vital to the
eduction of SARS-CoV-2 infections. Taiwan’s integrated approach
nvolved government–public cooperation not just in healthcare
acilities but also in non-healthcare settings. SARS-CoV-2 infec-
ions in healthcare facilities and among HCWs were both
ignificantly lower in comparison with the SARS-CoV-1 outbreaks.
e believe that a reported 99.2% practice rate of wearing

acemasks indoors and a 98.4% practice rate of AHH upon entering
uildings/restaurants contributed to Taiwan not having to imple-
ent a nationwide lockdown.
This study is the first to address the significant role of the

illingness of citizens to practice AHH and wear facemasks in
urbing the spread of SARS-CoV-2. Our multivariable analyses
howed that past AHH practices and visits to healthcare facilities
oosted the practice of good preventive behaviors in 2020. AHH
as been applied in healthcare settings since 2005, when the

consolidated AHH as a cultural norm in Taiwan. Fomite transmis-
sion had been mostly ignored in emerging infectious diseases until
COVID-19 (Santarpia et al., 2020). In addition to hand hygiene,
wearing facemasks is also helpful in curbing fomite transmission
through source control of droplet transmission (Lai et al., 2012;
Chin et al., 2020). Our findings show that a high percentage of AHH
compliance, together with wearing facemasks, has proven effec-
tive in reducing community spread. Future projection on the
compliance of prevention behaviors (Supplementary Table 2) also
showed that the crude odds ratios increased from Scenario 1 (zero
indigenous COVID-19 cases) to Scenario 2 (sporadic COVID-19
cases) and to Scenario 3 (the COVID-19 pandemic lasts for 1 to 2
years). However, wearing facemasks has been a controversial issue
in Western countries, where many citizens believe that only
infected persons have to wear facemasks or that mask mandates
threaten personal liberty (Olivera-La Rosa et al., 2020). Mask-
wearing compliance in these Western countries thus is not
sufficiently high to effectively curb viral transmission (Chen and
Fang, 2021). Although comprehensive data is difficult to obtain,
progressively more and more evidence has shown that wearing
facemasks provides community-wide benefits (Lyu and Wehby,
2020; Chu et al., 2020; Cowling et al., 2020). Among studies where
the benefits of wearing facemask are still controversial, most had
ignored the complementary efficacy of wearing facemasks and
practicing AHH and overlooked the significance of fomite
transmission either when the percentage of people wearing
facemasks was inadequate or when water and soap for hand
hygiene were inaccessible (Pittet et al., 2000; Bundgaard et al.,
2020).

Effective governance is crucially important to address the
initial COVID-19 challenges. Two widely used approaches are top-
down governance, such as fast lockdown in authoritarian
countries, and bottom-up governance, like that in democratic
countries, where wearing facemasks and AHH may not be
mandatory. Public mobilization, such as the availability of the

igure 4. The number of cases originating in the 5 major sources of the risk groups during the 2003 SARS outbreak and COVID-19.
he 5 risk groups in Taiwan during the 2003 SARS outbreak (shown in brown) versus COVID-19 (shown in blue) were: (1) imported cases; (2) family, friends, and other contact
ases infected directly from the imported cases; (3) healthcare facility-associated cases, including 3(A) healthcare workers (HCWs) and 3(B) others; (4) community cases (i.e.,
ases in which the sources of the SARS-CoV-2 infections were schools, stores, apartments, commercial buildings, and transportation); and (5) unidentified-source cases (i.e.,
ases without clear sources of infection, even after thorough contact tracing and epidemiological investigations by public health professionals at local departments of health
ith joint efforts of local Taiwan CDC branches). All these data were released from Taiwan CDC and were accessible on January 16, 2021 (National Center for High-performance
omputing (NCHC, 2021).
orld Health Organization (WHO) started paying more attention
o hand hygiene (Pittet and Donaldson, 2005). From the 2009 H1N1
nfluenza pandemic to the COVID-19 pandemic in 2020, a series of
ublic health policies have resulted in the availability of alcohol-
ased disinfectant dispensers at the entrances of hospitals and
ajor buildings, and the 2020 public health initiatives further
47
polio vaccine in the U.S. in 1955 due almost entirely to the efforts
of the March of Dimes (Wilson, 2005) and the national hand-
hygiene campaign in Germany (Reichardt et al., 2013), have
successfully achieved their intended goals. Since the Taiwanese
government wants their citizens to have a high percentage of
protection behavior compliance, after understanding the
4
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dynamics of the COVID-19 pandemic, the CECC had almost daily
press briefings plus social media risk communication covering the
most updated epidemiological data in Taiwan and global trends
plus the Chinese translation of the WHO guidelines and the CECC
guidelines. We found that participants who maintained good
preventive behaviors in 2020 obtained risk communication from
the government CECC and public initiatives and also acquired the
appropriate prevention guidance from health professionals.
Recent models from Taiwan indicate that facemasks, when worn
in over 75% of the population, coupled with quarantine
requirement for all travelers entering Taiwan (effective March
19, 2020), leads to SARS-CoV-2 transmission becoming unsus-
tainable (Chen and Fang, 2021). Importantly, policies that
emphasize combined strategies, including early border controls,
quarantine policies, innovative health information technology
integrated with national healthcare insurance, and contact
tracing, have helped effectively interrupt viral transmission (Chiu
et al., 2020; Cheng et al., 2020). The 70.2% of participants
closely adhering to Taiwan's recommended preventive behavior
practices exceeded the estimated herd immunity threshold of
60%–67% (Buss et al., 2021) prior to COVID-19 vaccination
(starting March 22, 2021). Based on our data, public health
agencies worldwide could contain highly contagious emerging
viruses with sufficient coverage of population-based non-

absence of domestic SARS-CoV-2-positive cases for 253 consecu-
tive days (from April 13 to December 21, 2020). New Zealand
quickly responded to its first COVID-19 wave in 2020 by rapidly
implementing strict border closures, national lockdown, and
surveillance enhancements (Jefferies et al., 2020; Summers et al.,
2020). However, subsequent transmission from potentially
unnoticed cases occurred, which could have been avoided by
wearing masks and practicing AHH. It is time for public health
agencies worldwide to make rational recommendations on the
appropriate use of facemasks to complement other preventive
measures (Feng et al., 2020).

From September to November 2020, there were near synchro-
nous resurgences of SARS-CoV-2 cases across the US, Europe, and
Asia. Undoubtedly, the resumption of daily activities and gather-
ings with asymptomatic or pre-symptomatic people accounted for
as much as 40% to 60% of total cases (He et al., 2020). Similarly, the
third COVID-19 wave in Europe, which started in March 2021, has
demonstrated difficulties in fighting against more contagious
SARS-CoV-2 variants without timely adequate population-based
preventive measures (Kluge, 2021; Khan, 2021). These unexpected
surges might occur from a single episode of cluster of cases and
then have initiated a series of transmission chains. Without
successful control mechanism, these cluster cases can quickly
increase the effective reproductive number above the community

Table 2
Crude and adjusted odds ratios (ORs) for the characteristics associated with the good preventive behaviors group against SARS-CoV-2.

Variables Number of participants
(n = 2,328)

No. (%) of individuals in
good preventive behaviors group
(GPBG) against SARS-CoV-2

Crude ORs a

(95% CI)
Adjusted ORs b

(95% CI)

Demographics 　 　 　 　

Age (years) 18–49 1,142 808 (70.8) 1
�50 1,186 826 (69.6) 0.95 (0.79 to 1.13)
Gender Male 925 588 (63.6) 1 1
Female 1,403 1,046 (74.6) 1.68 (1.40 to 2.01)*** 1.72 (1.42 to 2.07)***

Recruitment methods
Web system 1,583 1,087 (68.7) 1 1
Primary-care clinics 260 192 (73.8) 1.29 (0.96 to 1.73) 1.43 (1.06 to 1.95)*
Others 485 355 (73.2) 1.25 (0.99 to 1.56) 1.18 (0.93 to 1.48)

Sources of COVID-19 prevention information
Taiwan Central Epidemic Command Center (CECC) 1,917 1,381 (72.0) 1.61 (1.29 to 2.01)*** 1.52 (1.21 to 1.91)***
Online information 671 489 (72.9) 1.20 (0.98 to 1.47) 1.22 (0.99 to 1.49)
Internet news 1,522 1,076 (70.7) 1.07 (0.89 to 1.29)
Social media 1,420 996 (70.1) 0.99 (0.83 to 1.19)
Television 1,479 1,034 (69.9) 0.96 (0.80 to 1.16)
Relatives/friends 192 128 (66.7) 0.84 (0.61 to 1.15)

Past preventive behaviors
Regularly disinfecting hands with ABHS 1,029 756 (73.5) 1.33 (1.11 to 1.59)** 1.37 (1.14 to 1.65)***
Wearing mask 1,551 1,098 (70.8) 1.09 (0.90 to 1.31)

CI, confidence interval; ABHS, alcohol-based hand sanitizer. P values: *<.05; **<.01; ***<.001.
Sources of COVID-19 prevention information: Each participant can select up to 4 of 8 choices. In data analysis, each choice was analyzed with or without using that specific
information channel.
Models:

Logit(P) = b 0 +
Pk

i¼1
bi  � Xi , where P was the probability of belonging to “good-preventive behaviors” group against SARS-CoV-2 and k was the total number of

explanatory variables. There were 2 models with detailed descriptions as follows.
a. Crude Model was to explore how a single factor (k = 1) affects the outcome measure (GPBG) expressing as “Crude OR” without adjusting potential covariates.
b. Final Model with the same outcome measure as the Crude Model but involved 5 predictor variables (k = 5), including: (1) gender, (2) recruitment methods, (3-4) 2 sources
of COVID-19 prevention information variables (Taiwan CECC, online information), and (5) past preventive behavior (regularly disinfecting hands with ABHS) expressing as
“Adjusted OR” with adjusting important covariates.
Logit(P) = b 0 +b1 � [gender] + b2 � [recruitment methods] + b3 � [Taiwan CECC] + b4  �  ½ on-line information] + b5 � [past preventive behavior (regularly
disinfecting hands with ABHS)].
The variable of “living areas in Taiwan” was not accommodated in the model because there were zero SARS-CoV-2 cases in eastern Taiwan, and the sample size in this study
was also quite small.
biological preventive measures before the establishment of
adequate herd immunity. Our population-based countermeasures
demonstrated why countries that reported low adherence to
comprehensive personal protection measures have had multiple
waves of COVID-19 outbreaks (Machida et al., 2020; Machida
et al., 2021). Taiwan’s success was further supported by the
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threshold, which would threaten the healthcare systems (Yen et al.,
2021), creating a vicious cycle of community-hospital-community
infections, leading to broader, longer, and more severe waves, or
even a large-scale epidemic (Yen et al., 2020). On the other hand,
Taiwan’s public initiatives against COVID-19 focused on high
participation in the 2 population-based preventive behaviors to
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nterrupt the viral transmission (i.e., population-blockade) quite
arly in the Susceptible-Exposed-Infectious-Removed (SEIR) dy-
amic model (Faranda and Alberti, 2020). Our study indicates that
he policies governing universal mask usage must target a high
opulation coverage, be coupled with AHH, and these efforts
ffectively foster government–civilian cooperation to improve
ublic compliance. Indeed, such a total coverage rate must be even
igher in areas dominated by fast-spreading SARS-CoV-2 variants
hat could reduce the neutralization capacity of the vaccine
Lazarevic et al., 2021; Lauring and Hodcroft, 2021; Rowan and
oral, 2021; Gondim, 2021; Weisblum et al., 2020). Therefore, we
ropose a “threshold-based bundle strategy” combining face-
ask-wearing or physical distancing (physical intervention),
BHS or other hand sanitation methods (chemical interruption),
nd population immunity from vaccine plus natural infection
biological interference). The total percentage of participating in
hese three (physical + chemical + biological) preventive
trategies should be greater than the required threshold for
ontinuous viral transmission in a community in order to
ffectively curb the spread of COVID-19 pandemic and/or future
espiratory transmitted emerging infectious diseases. Important-
y, the demand for compliance with such population protective
ehaviors cannot be relaxed, if total percentage of all population-
ased interventions against SARS-CoV-2 has not been reached (US
DC, 2021; Huang et al., 2021; Tirachini and Cats, 2020). In other
ords, citizens’ preventive behavior is the most cost-effective
ay to combat viral spread before the final defending capability
i.e., sufficiently high total intervention percentage) has been
eached globally.

This study has 4 major limitations. First, this was a
etrospective survey, and several explanatory variables leading
o preventive behaviors were not collected, as they were
onsidered to be barriers to recruitment of participants. Second,
ur study population was recruited via the internet system,
rimary-care clinics or social media, which may have resulted in
ocial desirability bias, recall bias, and/or sampling bias.
onetheless, our findings are supported by another recent study
howing that over 70% of the targeted general population in
aiwan wear facemasks (Chen et al., 2020). Third, this study
annot differentiate between the combined effect of wearing
acemasks and hand-hygiene disinfection and the isolated effect
f each practice, and we also cannot exclude the effect of other
reventive/control measures (Greenhalgh et al., 2020; Godlee,
020). Fourth, our seroepidemiological data on the infection rate
f SARS-CoV-2 among HCWs, which was used to evaluate the
nfection control at healthcare facilities, was not nationwide
Tseng et al., 2021; Pan et al., 2021; Ho et al., 2020; Everington,
020).
In conclusion, our results confirm that Taiwan’s integrated

ntervention strategies, including wearing facemasks, practicing
HH, and implementing enhanced traffic control bundles in
ealthcare facilities, have increased the effectiveness of the
reventive measures during the COVID-19 pandemic responses.
urthermore, taken together, early border controls, government
eadership, and widespread risk communication emphasizing
he importance of preventive behaviors have successfully
nabled Taiwan to avoid lockdowns. These comprehensive
reventive responses to COVID-19 in 2020, like immune-
oosting responses, are more efficient and effective than those
mplemented during 2003 SARS. Given the likelihood of
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