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Highlights
What we have learned from COVID-19
pandemic?
Dynamic COVID-19 pandemic with evolution of
viral variants

The emerging outbreak SARS-CoV-2 infection that had
been reported in Wuhan since December 1st, 20191,2 has
caused unprecedented COVID-19 pandemic after the
century of 1918 Influenza pandemic.3 Like 1918 influenza
pandemic, the sequelae of COVID-19 are so pervasive as
to affect all aspects of life including health, economics,
finances, education, politics, business, and social activ-
ities globally.4 More importantly, COVID-19 pandemic is
intractable to be prevented because of high dynamic and
capricious biological property characterized by several
surges of pandemic with emerging viral variants evolving
from the wild type descended from the original outbreak
in China, the D614G mutant preponderating in the first
surge of pandemic around the Europe,5 the B.1.1.7
mutant circulating in UK responsible for the second surge
and third surge6,7 until P.1.5.3. and P1 from African and
Brazil, respectively,8e10 that would probably contribute to
the third and fourth surge of ongoing pandemic. The
evolution of viral variants of SARS-CoV-2 occurring in
successive surges of COVID-19 pandemic have further
proved the high possibility that the occurrence of second
and third surge of influenza pandemic was mainly due to
the emerging mutants as well although the official name
of virus had not been ascertained at that time until
1940.11,12

It is now difficult to be sure of whether the viral variants
of influenza causing the second and third surge of pandemic
were more transmissible and more likely to predispose
infected individual to have severe disease than the wild
type responsible for the first surge in 1918 but the empirical
data on COVID-19 pandemic in 2020 have shown such a
tendency of higher transmission and severer disease as
proven in this special issue using the epidemic model and
big data analytics. Due to the evolution of viral variant, it is
imperative to elucidate how COVID-19 pandemic was
transmitted from the initial outbreak of SARS-CoV-2 from
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Wuhan, China to inter-continental and global transmission
evolving from first to third surge of COVID-19 pandemic.

Regarding the mode of transmission, although both in-
fectious diseases are pandemic global transmission routes
and types of cluster infection for further causing
community-acquired outbreaks in 1918 at War I would be
completely different from the corresponding issues in 2020
featuring with high profiles of international connections on
all aspects of life. Cluster infections in 1918 were widely
seen in barracks due to the War I whereas those occurring in
COVID-19 pandemic have been seen in a variety of public
gatherings.3 Compared with 1918 influenza pandemic, the
evolution of cluster infections into large-scale community-
acquired outbreaks in COVID-19 pandemic becomes more
complex and may need to develop new epidemic methods
and approaches to model various kinds of cluster infections
like household, cruise ship, religion gathering, recreation
center and so on, and also various extents of community-
acquired outbreaks at country and global scale.

Progressive property of multistate COVID-19
associated with treatment and medical
capacity

In addition to learning contact and transmission model on
population level from SARS-CoV-2 infection, the unique
feature of COVID-19 disease on individual level is pertaining
to its progressive property from mild, moderate, and severe
form until death or recovery, which is not only determined
by treatment modality but also subject to individual im-
mune response.13,14 However, the extent of severity and
the corresponding treatment modalities following clinical
guideline would affect the allocation of hospital beds and
intensive care (ICU) beds.

The clinical progression of COVID-19 can be classified
into the risk states of low (no and low oxygen supplement),
medium- (non-invasive ventilator and high oxygen supple-
ment), and high- (ECMO and invasive ventilator) risk states
until the outcomes of recovery or death.15 While the
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medical care of oxygen supplement is sufficient low- and
medium-risk patients, intensive care is required for pa-
tients at high risk state. Moreover, therapies should be
tailored by these risk states to have optimal outcomes. For
the low- and medium-risk patients, antiviral therapies such
as remdesivir is required to reduce viral load. For high-risk
patients, anti-inflammatory therapies such as dexametha-
sone plays major role in modulating the immune response
to reduce the severity of cytokine storm.13,16,17 How to
provide clinical management model for the optimal allo-
cation of medical capacity should be learned from the
country experiencing in early period of COVID-19 pandemic
such as Italy in order not to collapse health and medical
care system.

Beside the concern over medical capacity, whether it is
effective to provide the optimal care and treatment for
different severity of COVID-19 disease to reduce deaths
from COVID-19 and accelerate the recovery need to be
evaluated. In addition to standard care following clinical
guideline, a series of randomized controlled trial have been
conducted to demonstrate how to improve effectiveness
using antiviral therapy compared with standard care.16e22

However, these randomized controlled trials may throw
light on whether the antiviral therapy of interest is effec-
tive in treating COVID-19 but may not elucidate how it
works in reducing deaths and facilitating recovery. So doing
requires a better understanding of natural disease pro-
gression of COVID-19 until death and recovery on individual
level. The better use of the control group derived from a
series of randomized controlled trials may form the
comparator for evaluating the efficacy of anti-viral ther-
apy, using the severity of COVID-19 disease as a surrogate
endpoint, playing the complementary role with the results
based on randomized controlled trials.

Containment measures of infection control
over COVID-19

As far as containment measures are concerned, although
NPIs like lockdown, isolation, and quarantine had been
already operated in 1918 these measures used in COVID-19
pandemic are more diversified and may vary with time,
place, and population. Moreover, evaluation of the effec-
tiveness of these NPIs may need to take into account
different scenarios from low-risk infection area such as
Taiwan to high-risk infection area such as the countries
with explosive epidemics.

The NPIs from the conventional approaches of quaran-
tine and isolation to the lockdown at different scale have
been implemented in the epicenter of first pandemic period
in China.23 With the propagation of COVID-19 pandemic, the
NPI of lockdown has also been used to contain the outbreak
in countries such as Italy and USA.24e26 Stemming from this
ultimate form of NPIs, a series of containment measures
including the conventional approach of border control
involved with quarantine and isolation, restriction on mass
gathering, closure of school, limitation on medical acces-
sibility, and ban on a series of social activities have been
implemented to reduce the risk of clustered events and
community-acquired outbreak. The effectiveness of these
NPIs in reducing reproductive number of COVID-19 by 17.5%
S2
to more than 35% were estimated, depending on the extent
of its implementation.27

Although NPIs have been proved as effective measures in
containing the spread of COVID-19, the societal and eco-
nomic impact incurred by these containment measures
render its implementation a difficult decision. For a better
understanding of the effectiveness of NPIs to reach an
informed decision making, scenarios taking into account
the combination of a series of NPIs and the force of COVID-
19 transmission in community is required. In addition to the
implementation of NPIs for containing COVID-19, vaccina-
tion against SARS-CoV-2 infection and anti-viral therapy for
treating COVID-19 cannot be overemphasized.

Systematic approaches to elucidate and eval-
uate COVID-19 pandemic and interventions

In spite of numerous researches on COVID-19 published
previously, there is short of serials articles that are offered
for studying all of lessons learning from COVID-19 pandemic
indicated above by giving a global and dynamic epidemio-
logical profile of COVID-19 pandemic from the origin of
outbreaks to recent surge of pandemic, a panorama lens for
analyzing and evaluating relevant containment measures
and vaccine, and economic consideration of the impacts of
COVID-19 and evaluation of relevant interventions. Neither
is a special issue to enshrine all relevant contexts into a
unified framework covering (1) natural infectious process
resulting from the spread and transmission of SARS-CoV-2
and the disease progression after onset of symptoms; (2)
containment measures on NPIs, vaccine, and antiviral
therapy for the alteration of natural course from infection
to disease; (3) evidence-based evaluation of all these in-
terventions; and (4) economic evaluation of interventions
and of global burden of COVID-19.

The authors began with a historical overview of 1918
influenza pandemic in contrast to the current COVID-19
pandemic with respect to the origin of outbreak, the
chronological order on a series of surges of pandemic, and
successive pandemics after 1918 with different subtypes of
influenza contrasted with two kinships of SARS-CoV-2, SARS
and MERS, before COVID-19 pandemic. Such a comparison
prompts and inspires all of authors involved in this special
to propose a comprehensive study framework for navigating
how to integrate four parts with each other to give a
concise review of each theme as seen in the accompanying
article in this special issue.

Evidence-based findings from transmission to
disease and prevention of COVID-19 pandemic

Based on the proposed study framework and the concise
overview, this special issue produces ten corresponding
original articles providing evidence-based findings on each
of theme. This special issue provides a new insight into the
new patterns of household infection, cluster infection, and
new patterns of community-acquired outbreaks in parallel
with the evolution of viral on the spread of SARS-CoV-2,
which had heralded from the original outbreak in China
until evolved into three surges of pandemic contained by
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effective NPIs implemented in 2020, and vaccine uptake
from 2021 onwards. Based on Taiwan data, the risk of
household infection as high as 44.4% in the year 2020. This
figure increased to 58.3% in the second surge of pandemic
period of the year 2021, most likely due to the introduction
of B.1.1.7 viral variant.

Most importantly, these ten original articles provide a
new insight into a series of new findings on emerging
Figure 1 Systematic framework for studying

S3
infectious disease revealing from COVID-19 pandemic after
the application of epidemic modelling and big data ana-
lytics to data on COVID-19 pandemic from January 2020 to
April 2021 to decipher the patterns of COVID-19 trans-
mission across global countries and regions. On the basis of
the case load of COVID-19 and time for containing
epidemic, those patterns of outbreaks in global countries
and areas were categorized into five categories, labelled as
emerging infectious disease on COVID-19.
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“controlled epidemic”, “mutant propagated epidemic”,
“propagated epidemic”, “persistent epidemic” and “long
persistent epidemic” after taking into account the time
required to contain the outbreak. Such a classification will
be helpful in assessing the overall effectiveness imple-
mented in each countries and area and shed light on the
timing of lifting social distancing.

The measures for the containment of COVID-19 outbreak
including a series of NPIs, such as border control, lockdown,
quarantine and isolation, social distancing, and mitigation
strategies. On the basis of reported COVID-19 cases in Italy
and Israel, a computer simulation deign was applied to
assess the NPIs required to contain the outbreak in
different pandemic periods. Support by the empirical data,
the extent of isolation and quarantine up to 90% is required
to curb the epidemic curve. For the scenario of vaccination
distribution, the confinement measures of 17% can reach
the goal of containing outbreak.

In addition to the dynamics of COVID-19 transmission in
population, the clinical evolution of COVID-19 in respect to
a continuum of disease spectrum till recovery and death
was elucidated in this special issue. By using the COVID-19
disease progression model, a quantitative index was
developed to inform the optimal medical resource alloca-
tion for caring and triaging COVID-19 patients.

On the basis of the COVID-19 clinical course, the efficacy
of antiviral therapy and the needs of medical care were
evaluated. The economical appraisal on the impact of
COVID-19 and the mass vaccination programs for the COVID-
19 pandemic was assessed. By applying a Bayesian
sequential synthesis design to integrate the information of
observational study and randomized controlled study, the
significant efficacy of remdesivir therapy in reducing the
risk of COVID-19 death and increasing the odds of discharge
by 31% and 10% were estimated.

The vaccination distribution has been a major public
health strategy for the containment of COVID-19 pandemic
since the end of 2020. Focusing on three major vaccines,
AZD1222, mRNA-1273, and BNT162b2, this special issue
assessed the cost-utility and cost-benefit of this strategy.
The results show that with vaccination distribution up to
70% coverage, the mass vaccination strategy was demon-
strated to dominate no vaccination in spite of the type of
vaccine was used. The results of cost-benefit analysis sug-
gest that investing USD $1 earlier in vaccine may return
hundreds of USD$ when value of statistical life was taken
into account.

Given the great impact of COVID-19 pandemic on human
society that have taken place for more than a year, its
global burden was assessed by translating into economic
measurement in this special issue. This disease burden of
COVID-19 was estimated as US$591 billion and US$2368
billion based on Hedonic wage method and contingent
valuation method, respectively. A large variation on the
impact of COVID-19 across countries and areas under
different Human Development Index ranging from US$0.001
billion to US$691.4 billion was observed. This variation was
further elucidated by using a machine learning categori-
zation in this special issue.

In summary, we propose a systematic framework and
evidence-based evaluation for emerging infectious disease
based on real world data learning from COVID-19 pandemic
S4
after the century of 1918 influenza pandemic as shown in
Fig. 1 in this special issue. All contexts of this special issue
not only build up a benchmark for elucidating transmission
route and disease progression of such a high contagious
emerging infection disease but also provide evidence-based
approaches and findings for guiding and navigating policy-
making on containing pandemic given a panorama profile
including epidemic, disease progression, clinical manage-
ment and treatment, medical capacity for accommodating
surges of pandemic, economic evaluation of intervention,
and global burden of disease.
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