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Abstract From January 2020 to December 2022, there was a total of 8,872,955 confirmed
COVID-19 cases in Taiwan. In addition, a total of 15,253 COVID-19 related deaths were re-
ported. During these three years, the government and health authority did many efforts to
response this pandemic. In the early pandemic, Taiwan Central Epidemic Command Center
was established in the early 2020 to organize associated resource, develop effective policy
and implement strict intervention. In response to COVID-19 pandemic, many infection control
policy and interventions, including universal mask wearing with increasing production of face
mask, hand hygiene, border control, introduce of digital technology incorporating big data,
quarantine of COVID-19 cases, travel and gathering restriction, were implemented. In the
meanwhile, two COVID-19 vaccines, namely MVC-COV1901 and UB-612, have been developed
under the support of government. Furthermore, MVC-COV1901 was taken into clinical practice
after received emergency use approval. In addition, two traditional Chinese medicines,
including NRICM101 and NRICM102 showed their promising effect against SARS-CoV-2 infection
and were recommended as potential therapeutic options for COVID-19. During the pandemic,
the nonpharmacologic intervention help reduce many infectious diseases, especially for
airborne/droplet-transmitted diseases. However, COVID-19 exhibited some adverse impacts
on the healthcare systems, such as emergency medical service on out of hospital cardiac
s of Laboratory Medicine and Internal Medicine, China Medical University Hospital, China Medical
istrict, Taichung 40447, Taiwan.
m (P.-R. Hsueh).

4.001
ociety of Microbiology. Published by Elsevier Taiwan LLC. This is an open access article under the CC
mons.org/licenses/by-nc-nd/4.0/).

mailto:hsporen@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jmii.2023.04.001&domain=pdf
https://doi.org/10.1016/j.jmii.2023.04.001
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.sciencedirect.com/science/journal/16841182
http://www.e-jmii.com
https://doi.org/10.1016/j.jmii.2023.04.001
https://doi.org/10.1016/j.jmii.2023.04.001


C.-C. Lai, P.-I. Lee and P.-R. Hsueh
arrest, cancer screening, HIV screening and prevention services, and public health, namely the
psychosocial status of healthcare workers. Although the outbreak of SARS-CoV-2 infections
may gradually subsided, we should keep monitoring its associated impact and appropriately
response to this pandemic.
Copyright ª 2023, Taiwan Society of Microbiology. Published by Elsevier Taiwan LLC. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
Introduction

In December 2019, a cluster of patients with pneumonia
caused by a novel coronavirus - severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) occurred in Wuhan,
China.1 Thereafter, this infectious disease rapidly spread to
the whole world and has been declared as coronavirus
disease 2019 (COVID-19) pandemic by World Health Orga-
nization (WHO) on 11 March 2020.2,3 To date, there have
been more than 757 million confirmed cases of COVID-19,
including more than six million deaths, reported to WHO.4

To fight COVID-19 pandemic, the world brought together
governments, scientists, and global health organizations to
develop and implement strategies and tools for COVID-19
mitigation. There is no exception for Taiwan. In this
article, we present how Taiwan responded to COVID-19 and
how COVID-19 affected Taiwan during these three years.
Epidemiology

SARS-CoV-2 was confirmed to have spread to Taiwan on 21
January 2020, with the first case being a 50-year-old
woman who had been teaching in Wuhan, China and one
week later, the first locally-transmitted COVID-19 case
was identified in a 50-year-old husband, who got infection
from his wife.5 In 2020, the number of active cases in this
first wave peaked on 6 April 2020 at 307 cases. Overall, 823
confirmed COVID-19 cases, including a total of nine deaths
were reported to Taiwan CDC in 2020 (Fig. 1A).6,7 How-
ever, an outbreak among Taiwanese crew members of the
state-owned China Airlines in late April 2021 led to a sharp
surge in cases, mainly in the Greater Taipei area.6 This
surge caused a total of 8,924 and 4,871 COVID-19 cases in
May and June, respectively. Until June 21, 2021, the daily
new case numbers dropped below 100 for the first time
since this outbreak. On 17 July, the number of new do-
mestic cases dropped to single digits, with eight new do-
mestic cases, for the first time since mid-May. Finally,
there was a total of 16,303 confirmed cases, including 842
deaths in 2021 (Fig. 1B).6 Although no domestic case was
found in the end of 2021, a new surge causing by omicron
variant developed since January 2022. In the meanwhile,
the distribution system of at-home COVID-19 rapid test
kits were implemented on April 28, 2022. Thereafter, the
monthly case number increased and peaked at May
(n Z 1,982,617). Overall, there was a total of 9,167,811
cases, including 15,755 deaths in 2022 (Fig. 1C). As of
February 23, 2023, a total of 9,985,320 cases, including
9,930,554 domestic case (Fig. 2) and 80,737 imported
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cases have been reported to Taiwan CDC.6 Among them,
99.52% were reported as mild disease or asymptomatic
cases and moderate and severe cases only comprised
0.28% and 0.20%, respectively. In addition, there were a
total of 17,709 deaths, and most of them developed in
patients with moderate-to-severe COVID-19 (Fig. 3).
Among 17,172 domestic cases related deaths, new Taipei
city had the most deaths (n Z 3,352), followed by Taipei
city (n Z 1,898), Taichung city (n Z 1,830) and Kaohsiung
city (n Z 1,728) (Fig. 4).6

How Taiwan responses to COVID-19

Nonpharmacologic interventions
To prevent and control the SARS-CoV-2 outbreak, Taiwan
Central Epidemic Command Center (CECC) was soon
established in the early 2020 to organize associated
resource, develop effective policy and implement strict
intervention.7e9 CECC promptly initiated stepwise border
control for major cities and provinces in China, European
and American countries, and eventually expanded it to the
whole world in March 2020. This early response combining
with stringent quarantine measures successfully blocked
the first wave of imported cases, and slowed down subse-
quent large local outbreaks.8 In addition, the introduce of
digital technologies including comprehensive contact
tracing for confirmed cases, digital fencing, and govern-
ment database linkage were adopted to facilitate the
application of public health interventions and data
collection.10e12 In the meanwhile, several measures
including quarantine of suspicious cases, holiday extension,
travel restriction were implemented.9 Even more, the
government decided to prohibit the export of surgical
masks to make sure masks were not too short and started to
manufacture masks. Through this policy and intervention
with dispensing services of surgical masks within commu-
nity pharmacies, the healthcare authority can provide
adequate N95 respirators and face masks for the health
care professionals and the general public in Taiwan and for
other countries in need.11

To interrupt the community-hospital-community trans-
mission cycle, enhanced Traffic Control Bundling (eTCB)
was proposed to include expanding the TCB transition zone
- the quarantine ward, which housed patients exhibiting
atypical manifestations or awaiting definitive diagnosis.13 A
second adaptation involves enhancing the checkpoint hand
disinfection and gowning up with Personal Protective
Equipment deployed in traditional TCB. Under eTCB,
checkpoint hand disinfection and donning of face masks are
now required of all visitors who seek to enter hospitals.13
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Figure 1. The monthly case number of new COVID-19 in 2020 (A), 2021 (B) and 2022 (C).
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Within healthcare system, each hospital developed
many infection control policy and implemented preventive
measures to mitigate the in-hospital outbreak of COVID-19
according to the recommendation of CECC and its own
setting.14e21 Because the residents in long-term care fa-
cility were vulnerable to SARS-CoV-2 infection,22 eTCB was
adopted, particularly by incorporating compartmentaliza-
tion within zones plus active surveillance and implemented
as a means of protecting LTCF residents and staff.23
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Vaccine development
Vaccine is an important tool to prevent the spread and
progress of COVID-19, however, the initial supply of vaccine
cannot meet the large demand in Taiwan.24 Therefore, two
kinds of COVID-19 vaccines - MVC-COV1901 and UB-612 have
been developed under the support of Taiwan’s government.
MVC-COV1901 is a subunit SARS-CoV-2 vaccine based on
stabilized spike protein adjuvanted with CpG 1018 and
aluminum hydroxide that has received emergency use



Figure 2. Distribution of domestic case from 2020 to January 13, 2022. Data obtained from Taiwan Centers for Diseases Control
(https://www.cdc.gov.tw) as of February 23, 2023.

Figure 3. Number of deaths among patients with moderate and severe COVID-19 according to different age groups.

C.-C. Lai, P.-I. Lee and P.-R. Hsueh
approval (EUA) for adults in Taiwan.25 Phase 2 randomized
controlled trials had confirmed the safety and immunoge-
nicity of two doses of MVC-COV1901 in adolescents, adults
and older adults in Taiwan.25e27 The interim analysis of a
phase 3, randomized, double-blind, active-controlled trial
in Paraguay also showed that when compared against
AZD1222, MVC-COV1901 exhibited superiority in terms of
neutralizing antibody titers and non-inferiority in terms of
seroconversion rates.28

UB-612 is a novel subunit protein-peptide COVID-19
vaccine, which composed of: (i) receptor binding domain of
SARS-CoV-2 spike protein fused to a modified single-chain
human IgG1 Fc; (ii) five synthetic peptides incorporating
conserved helper and cytotoxic T lymphocyte epitopes
derived from SARS-CoV-2 structural proteins; and (iii)
aluminum phosphate as adjuvant.29 RCTs showed that a
favorable safety profile, potent booster effect against
variant of concerns (VOCs) including Delta and Omicron,
and long-lasting B and broad T cell immunity.30,31
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Traditional Chinese medicine (TCM)
Traditional medicine is practiced in many societies and
offers a rich reservoir of safe-to-use drug candidates and
experiences in dealing with endemics over a long period of
time.32 In Taiwan, the “Traditional Chinese Medicine Clin-
ical Guideline for COVID-19” suggested integrated treat-
ment of mild-to-moderate and severe-to-critical cases with
TCM formulae NRICM101 and NRICM102, respectively.33

Taiwan Chingguan Yihau (NRICM101), a TCM designed
based on a medicinal formula with a long history of almost
500 years and obtained an Emergency Use Authorization in
Taiwan. A bedside-to-bench study using pharmacological
assays demonstrated that NRICM101 was effective in
inhibiting the spike protein/ACE2 interaction, 3CL protease
activity, viral plaque formation, and production of cyto-
kines interleukin (IL)-6 and tumor necrosis factor (TNF)-a.34

In addition, NRICM101 has multiple functions that may
affect cytokine regulation to prevent human lung cell
injury.35 Similarly, NRICM102 was found to disrupt spike

https://www.cdc.gov.tw


Figure 4. Distribution of deaths of domestic cases of COVID-19 from January 1st 2020 to February 14th, 2023.
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protein/ACE2 interaction, 3CL protease activity, reduce
activation of neutrophils, monocytes and expression of
cytokines (TNF-a, IL-1b, IL-6, IL-8), chemokines (MCP-1,
MIP-1, RANTES) and proinflammatory receptor (TLR4).36

NRICM102 also inhibited the spread of virus and progres-
sion to embolic and fibrotic pulmonary injury through
reducing prothrombotic (vWF, PAI-1, NET) and fibrotic (c-
Kit, SCF) factors, and reducing alveolar type I (AT1) and
type II (AT2) cell apoptosis.36 Further multicenter retro-
spective study demonstrated that both NRICM101 and
NRICM102 were significantly associated with a lower risk of
intubation/ICU admission or death among patients with
mild-to-severe COVID-19.33
How COVID-19 affects Taiwan

Collateral effect on other infectious diseases
Since the outbreak of COVID-19, many non-pharmacologic
interventions (NPIs) have been developed for the preven-
tion of SARS-CoV-2 spread. The implementation of NPIs not
only help mitigate COVID-19, but also control other in-
fectious diseases in Taiwan.37,38 During early pandemic,
Kuo et al. found that nationwide surveillance data
revealed drastic decreases in influenza diagnoses in
outpatient departments, positivity rates of clinical speci-
mens, and confirmed severe cases during the first 12
weeks of 2020 compared with the same period of 2019.39

Furthermore, using the open database from Taiwan CDC,
Lai et al. showed that the number of notifiable infectious
diseases (NIDs) cases was 21,895 between January and
September 2020, which was lower than the number of
cases during the same period in 2019 (n Z 24,469), with a
decline in incidence from 102.9 to 91.7 per 100,000 people
in 2019 and 2020.37 Regarding airborne/droplet-
transmitted NIDs, the number of cases of 14 diseases
including measles, rubella, pertussis, influenza with se-
vere complications, invasive pneumococcal disease, Q
fever, mumps, meningococcal meningitis, varicella,
legionellosis, invasive Haemophilus influenzae type b
infection, hantavirus syndrome, tuberculosis (TB), and
437
multidrug-resistant TB (MDRTB) decreased from 10,631 in
2019e7636 in 2020, with a reduction of 28.2%.38 Even
more, 11 fecal-oral, seven vector-borne, and four direct-
contact transmitted NID also had an overall reduction of
156 (�23.0%), 557 (�54.8%), and 73 (�45.9%) cases,
respectively, from 2019 to 2020 and the changes in inci-
dence 6.7 (�23.4%), 2.4 (�55.0%), and 0.3 (�46.2%) per
100,000 people for fecal-oral, vector-borne, and direct-
contact transmitted NID, respectively.37 These collateral
benefit of NPIs on NIDs persisted till 2021.40 In contrast to
most NIDs with decreasing trend during pandemic, the
case of gonorrhea had significantly increased.37,41 All
these findings suggest the importance of the continue
surveillance of these NIDs during the COVID-19 pandemic,
especially while the NPIs are gradually relaxed.

Healthcare utility
Healthcare was the most affected system during the
pandemic, and the utilization of related services for many
diseases fell dramatically due to voluntary behaviors or
enforced measures since the COVID-19 outbreak. In Taiwan,
Tsai et al. used a county-by-week-level dataset from Tai-
wan’s National Health Insurance to measure healthcare
utilization during the COVID-19 pandemic.42 They found
that people voluntarily reduced their demand for health-
care, due to fears of contagion, or COVID-related precau-
tionary behaviors, even if there were no human mobility
restrictions or supply-side constraints.42 Overall, the num-
ber of outpatient visits and inpatient hospitalization
decreased by 19% and 10%, respectively, during the
pandemic period (February to May 2020). In addition, the
demand response of healthcare for Influenza-like illness
(ILI) was much greater and more persistent than for non-ILI.
Even more, the demand for healthcare services did not
return to the pre-pandemic period, even when there were
no local coronavirus cases for more than 250 consecutive
days (mid-April to December 2020).42

Similarly, Tan et al. found that the overall emergency
department (ED) visits were 122,542 during this period in
2021, which was much lower than those in the lunar new
year in Taiwan from 2017 to 2020 (the average was
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174,653)43 Additionally, the ED visits for ILI were 9816
during this period in 2021, which was much lower than
those in the same period from 2017 to 2020 (the average
was 34,347). Even more, the ED visits for acute diarrhea
illness was 10,447 during this period in 2021, which was also
lower than those in the same period in the prior four years
(the average was 13,785).43 Lin et al. reported the same
findings using a multicenter retrospective study collected
data from three regional hospitals between March 2019 and
December 2020.44 Overall, there was a 16%e23% reduction
in ED patient volume, especially in non-trauma adult visits
and pediatric visits, and ED visits in both high and low
severity levels decreased in these regional hospitals.44

Moreover, emergency medical service on out of hospital
cardiac arrest (OHCA) in Taiwan was affected by COVID-19.
A retrospective observational study observed that the EMS
response time was longer during the COVID-19 pandemic
(445.8 � 210.2 s in 2020 vs 389.7 � 201.8 s in 2019,
p < 0.001). The rate of prehospital return of spontaneous
circulation was lower in 2020 (6.49% vs 2.57%, p Z 0.001)
and significantly fewer cases had favorable neurological
function in 2020 (4.21% vs 2.09%, p Z 0.035).45 Another
study focusing pediatric patients showed children with
OHCA had a significantly lower rate of sustained return of
spontaneous circulation (ROSC) and survival to hospital-
discharge (STHD) during the pandemic than that in the
pre-pandemic period.46

In addition, Liu et al. conducted an online, cross-
sectional survey for people living with HIV, individuals at
risk of HIV infection, and service prescribers and reported
that although HIV services in Taiwan were not severely
affected by the initial wave of COVID-19, there were
notable disruptions in HIV screening and prevention ser-
vices.47 For patients with acute ischemic stroke requiring
mechanical thrombectomy, Chang et al. demonstrated
that there would be no time delay under a prepared
protocol for the pandemic.48 Similarly, Li et al. showed
that there was no increase in endoscopic retrograde
cholangiopancreatography-related complications and
mortality during the lockdown period.49 However, the
COVID-19 pandemic could negatively affect the utilization
of cancer screening in Taiwan.50e52 Using nationwide cer-
vical, breast, colorectal and oral cancer screening data,
Shen et al. demonstrated that the average percentage
change declined from 15% to 40% for cervical, breast, and
colorectal cancer screening, with a nearly 50% decline in
oral cancer screening.50 This effect could result in delay
diagnosis of early cancer. Such as breast cancer, Chou
et al. reported that total breast biopsy, mammography-
guided, and ultrasound-guided biopsies decreased by
17%, 23%, and 14%, respectively, from pre-COVID-19 to
COVID-19.53 In addition, the number of total breast cancers
and early breast cancers (stages 0 and 1) decreased by 10%
and 38%, respectively, during pandemic. Finally, the ratio
of early breast cancer among total breast cancer signifi-
cantly reduced from 71% to 49% (p < 0.001).53

Finally, Liu et al. conducted a retrospective study using
the Taiwan Clinical Performance Indicators to assess the
impacts of COVID-19 on healthcare quality of medical
centers.54 The authors found that unscheduled returns of
emergency patients, unscheduled returns of hospitalized
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patients, and unscheduled returns of surgical patients to
the operating room during hospitalization all declined
during the COVID-19 outbreak.54 Although these findings
indicated that health care quality seemed to improve dur-
ing pandemic, we did not know whether those who were in
need of returning to the emergency room or hospital were
reluctant or were prevented from travel by the shelter-in-
place policy. In addition, there were significant regional
variations in healthcare quality indicators among medical
centers in northern and middle/southern, so further
investigation is warranted to clarify these issues.54

In summary, most of the healthcare utilities in Taiwan,
including ED visits, outpatient visits, inpatients hospitali-
zation, and specific services, such as HIV screening and
prevention service, or cancer screening had significantly
reduced during COVID-19 pandemic. However, further study
is warranted to assess the long-term effect.

Psychosocial and motor effect
The workloads of HCWs significantly increased during the
pandemic and medical workers might be particularly
vulnerable to mental illness due to long working hours, the
risk of infection, the lack of personal protective equip-
ment, physical fatigue, and separation from their family
members during critical times.25,55,56 To date, many studies
had reported its negative impact on the incidence of
mental health disorders, such as depression, anxiety, and
burnout, among healthcare professionals.55e59 Compared
with the non-pandemic period (2019), employees working
in Taiwan during the COVID-19 pandemic (2020) have higher
burnout scores and percentages of severe burnout.60

Moreover, Yang et al. found that the increases of the per-
sonal burnout levels and living apart from families were the
main factors associated with the posttraumatic stress dis-
order symptoms symptom among emergency nurses in
Taiwan.61

Furthermore, a comparative and cross-sectional study
during two waves of the COVID-19 pandemic in Taiwan
showed that the social impact during the second wave was
higher for first- and second-line HCWs than during the first
wave, and they expressed a higher intention to maintain
social distancing and were more aware of the pandemic
overseas in the second wave.62 In addition, sleep quality
was worse in the first-line HCWs than in the second-line
HCWs during both waves.62 In addition to adverse psycho-
motor impact, Liao et al. using a hospital-based repeated
measures study found that the risks of hypertension, dia-
betes, and dyslipidemia among HCWs increased in Taiwan
after the COVID-19 pandemic.63 Such an increase might be
further magnified by specific sociodemographic factors,
especially female gender, workplace seniority, and higher
levels of education. Ke et al. conducted a cross-sectional
study to evaluate the impact of the COVID-19 pandemic
on physical activity (PA) and dietary habits, and their
impact on body weight changes during the Level 3 alert
period (between 1 July 2021 and 15 July 2021) in Taiwan.64

They found that all levels of PA, including vigorous and
moderate activities and walking decreased, and an daily
sitting time increased during the study period.64 Wang et al.
explored the changes of cognitive, physical, and nutritional
status before and after the interruption and resumption of
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daycare services during the COVID-19 pandemic in older
dementia people in a daycare center and found that their
mini-nutritional assessment-short forms (MNA-SF) scores
and timed up-and-go (TUG) values deteriorated signifi-
cantly after a 3-month closure of daycare services
(p < 0.05), and after resumption of daycare services the
MNA-SF scores and TUG values recovered to near the pre-
lockdown levels.65 All these findings indicated that COVID-
19 pandemic has had an adverse impact on psychosocial
and motor status among Taiwanese and suggested that
adequate measures should be adopted as early as possible
to support the healthcare system.
Conclusions

Like other countries, the government and healthcare au-
thority paid great efforts, including the implementation of
NPIs, and development of novel vaccine and TCMs in
response to COVID-19. During the pandemic, the NPIs
against COVID-19 helped prevent many NIDs in Taiwan, but
COVID-19 also negatively affected the healthcare utility
and public health. Although the outbreak of SARS-CoV-2
infections may gradually subsided, we should keep moni-
toring its associated impact and appropriately response to
this pandemic.
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