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The spread of the emerging pathogen, named as SARS-CoV-2, has led to an unprecedented
COVID-19 pandemic since 1918 influenza pandemic. This review first sheds light on the similar-
ity on global transmission, surges of pandemics, and the disparity of prevention between two
pandemics. Such a brief comparison also provides an insight into the potential sequelae of
COVID-19 based on the inference drawn from the fact that a cascade of successive influenza
pandemic occurred after 1918 and also the previous experience on the epidemic of SARS
and MERS occurring in 2003 and 2015, respectively. We then propose a systematic framework
for elucidating emerging infectious disease (EID) such as COVID-19 with a panorama viewpoint
from natural infection and disease process, public health interventions (non-pharmaceutical
interventions (NPIs) and vaccine), clinical treatments and therapies (antivirals), until global as-
pects of health and economic loss, and economic evaluation of interventions with emphasis on
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mass vaccination. This review not only concisely delves for evidence-based scientific litera-
tures from the origin of outbreak, the spread of SARS-CoV-2 to three surges of pandemic,
and NPIs and vaccine uptakes but also provides a new insight into how to apply big data ana-
lytics to identify unprecedented discoveries through COVID-19 pandemic scenario embracing
from biomedical to economic viewpoints.
Copyright ª 2021, Formosan Medical Association. 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/).
Historical viewpoint of both 1918 Spain flu and
2019 COVID-19 pandemic

Human history on pandemic caused by the emerging in-
fectious disease has been documented during the period
from sixteen to eighteen century mainly afflicted by the
Plague.1 In early 1918, there was a pandemic around the
world named as “Spain Flu” afflicting the countries world-
wide in parallel with the contemporaneous period of World
War I. This 1918 influenza pandemic not only led to the
imminent squeal of more than 500 million infected cases
and at least 50 million deaths but also produced the influ-
ence on societal and economic loss due to containment
measurements without vaccine and antivirals.1e4

Most importantly, although the 1918 pandemic has been
tentatively controlled by the implementation of non-
pharmaceutical interventions (NPIs) at that time it has also
shown a series of far-reaching impacts on both health and
societal perspectives. The former has been noted by se-
quences of the following influenza pandemics including
H2N3 in 1957 and 1968 and Avian Flu during 1997 and 2004
and H5N2 in 2009.5,6 As far as non-health impacts, the 1918
influenza pandemic had been long postulated to be highly
associated with 1929 Great Depression worldwide with the
implementation of very strict containment measurements
such as isolation and lockdown polices.7,8

There is a continental transition of influenza pandemic,
shifting from the preponderance of the 1918 pandemic in
Western countries (the United States and Europe) to the
emergence of its viral variants in Asian countries of those
subsequent influenza pandemics after 1918 pandemic.2

Of note, avian influenza emerged in several Asian re-
gions, including Thailand, Vietnam, China, and so on.9 It
is also very interesting to note that, in addition to influ-
enza pandemic, two large-scale outbreaks regarding the
Corona series of virus such as SARS in 2003 and MERS in
2015 also emerged in the Province of Guangdong in south-
eastern China and also Korea. In 2003, the emerging SARS
has been spread from China, Hong Kong, to Taiwan,
resulting in several large-scale community-acquired
outbreaks.10e12

The continental spread of COVID-19 was the opposite of
that of 1918 pandemic. From historical viewpoint, there
were many similarities between 1918. Fig. 1 shows the
chronological order of three waves of pandemic are almost
identical. In both years of 1918 and 2020, the declaration of
first wave of pandemic was around March, then the second
wave resurged probably due to viral variants from
S7
September until December, and came the third wave in
March of the next year.

The outbreak of SARS and MERS

The emergence of SARS in 2003 heralded the potential of
coronavirus as a pathogen responsible for large
outbreak.10,11,13 Similar to SARS-CoV-2, the outbreak of SARS
in 2003 occurred through a series of clustered transmissions,
typically occurred in crowded settings such as hospitals,
hotels, and vehicles of public transportation.10,11,14 Due to
the characteristics of being infectious after the presence of
fever (Fig. 2 (a)), the containment strategies focusing on the
measurement of body temperature were implemented
widely. A typical application in Taiwan was the adoption of
fever screening facilities into the working flow of health care
services.15 This preventive measure together with the
routine implementation of universal precaution including
wearing the facial mask and self-hygiene effectively miti-
gate the risk of large-scale clustered outbreak of SARS in
Taiwan in 2003.15,16 Even though, the lack of specific tools
for early identification of infected subjects and effective
antiviral therapies for treating SARS patients resulted in a
high case-fatality rate of SARS outbreak in 2003. With the
experience of SARS outbreak, infection control measures
including the reporting system, syndromic monitoring, pro-
cedures and facilities for isolating patients under suspicion,
and education programs for health care personnel have been
incorporate as part of quality assurance program of health
care institutes in Taiwan.16,17 The implementation and
regulation of border control, isolation, and quarantine from
early period of outbreak until the entire COVID-19 pandemic
period in Taiwan has rooted in the antecedent experiences
on lockdown, isolation, and quarantine polices of SARS out-
breaks in 2003.

A decade after the SARS outbreak, the Middle East res-
piratory syndrome (MERS) outbreak occurred in South Korea
in May, 2015.18 Similar to SARS, a novel coronavirus, MERS-
CoV, was identified as the culprit pathogen for a series of
clustered events occurred mainly in nosocomial settings in
South Korea in 2015.12,18 The MERS-CoV was first identified
in Saudi Arabia in 2012.19 Although the animal reservoir of
camel was proposed as the main source of infection in early
phase,20 the clustered events raised serious concerns over
human to human transmission.21e23 This concern was
consolidated by the community-acquired outbreak of MERS
in South Korea in 2015 following the introduction of MERS-
CoV into the hospital caring for a 68 years old patient
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Figure 1 Epidemic curves of the pandemic of 1918 influenza and 2020 COVID-19.

Figure 2 Timelines for infectiousness and clinical states of SARS and COVID-19.
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with travel history to Middle East.18 The comparison be-
tween SARS, MERS, and COVID-19 is summarized in Table 1.
The incubation period of SARS-CoV-1 is 4.7 days (95% CI:
4.3e5.1). The incubation periods for MERS (5.8 days (95%
CI: 5.0e6.5) and SARS-CoV-2 (5.3 days (95% CI: 4.0e6.9) are
longer. The infectious period of SARS-CoV-1 is 8.4 days (95%
CI: 3e14) which is shorter for SARS-CoV-2 (7.0 days (95% CI:
4.5e10.4)) and longer for MERS (12.6 days (95% CI:
12.1e13.1)). The reproductive numbers for three highly
pathogenic human coronaviruses are close with ranged
from 2.6 to 3.0. Compared with the very low case-fatality
rate (2.1%), the case-fatality rate over 27% for SARS and
MERS are high. A higher 32.1% fatality rate with a signifi-
cantly higher risk among the elder subjects and those with
comorbidities was revealed in a detailed analysis.12 The
discovery of antiviral therapy and vaccine for COVID-19
might be the partial reason for lower fatality.
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The community-acquired outbreaks of SARS and MERS
vividly showed the potential of coronavirus in inducing
global pandemic with the serious outcomes of remarkable
case-fatality rate. A better understanding for distinct
characteristics of latent period and incubation period be-
tween SARS and MERS and may give a clue to the trans-
mission and the spread of SARS-CoV-2.

Overall framework of infectious and disease
process and evidence-based evaluation of
interventions for COVID-19 pandemic

Fig. 3 shows the overall framework for studying emerging
infectious disease (EID) with COVID-19 pandemic as an
example. It begins from transmission and outbreaks on
different levels upheld by the conventional epidemic model



Table 1 Comparison between SARS, MERS, COVID-19.

Disease SARS MERS COVID-19

Year of outbreak 2002e2003 2012e2015 2019w
Pathogen SARS-CoV-1 MERS-CoV SARS-CoV-2
Incubation

period(days)
4.7132

95% CI: 4.3
e5.1

5.8132

95% CI: 5.0
e6.5

5.324

95% CI: 4.0
e6.9

Infectious
period(days)

8.4133

95% CI: 3-14
12.6134

95% CI: 12.1
e13.1

7.024

95% CI: 4.5
e10.4

Infection at
incubation
period

No No Yes

Reproductive
number

3.0135 2.6136 2.844

Case-fatality rate 27.0%15 32.1%12 2.1%137

Anti-therapy No No Yes
Vaccine No No Yes
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(such as susceptible-exposed-infected-recovered (SEIR)
model), policies and strategies for NPIs and PIs (pharma-
ceutical interventions, including vaccine and antiviral
therapy), until economic evaluation and estimation for
burden of COVID-19 pandemic.

At the population level, it begins with an initial
outbreak, household transmission, and early global spread
of SARS-CoV-2 through inter-continental transmission
before declaration as pandemic, which evolves into global
transmission patterns from first to third surge of COVID-19
pandemic. The epidemic models such as the SEIR model are
applied to evaluating the basic reproductive number
without intervention and effective reproductive number
with NPIs or vaccination using different scenarios. The
queue model from hospitalization, intensive care unit, until
recovery and death is proposed to evaluate the demand and
supply of medical capacity during the first and second surge
of COVID-19 pandemic. At the individual level, the pro-
posed disease spectrum model has been used to delineate
the disease progression from mild to severe COVID-19 and
to evaluate antiviral therapy beyond the randomized
controlled trial. As vaccine is the most useful means for
fighting against COVID-19, economic evaluation of mass
vaccination has been provided, making allowance for the
value of statistical life and economic production loss.
Finally, global burden of COVID-19 has been estimated by
using DALYs for health loss and value of statistical life for
economic loss associated with COVID-19.

From the origin of China outbreak to
intercontinental epidemics before declaration
as pandemic

The first outbreak of SARS-CoV-2 occurred in Wuhan, China
in December 2019. Beginning with a clustered event in the
community associated with a market, the outbreak rapidly
swept the entire city with a population of more than 11
million. Li et al. estimated the epidemic growth rate, the
epidemic doubling time, and the basic reproductive number
S9
by using a transmission model.24 From December 10, 2019
to January 4, 2020, 56% of the first 425 patients with
confirmed 2019-nCov were linked to Huanan Seafood
Wholesale Market and the patients could have been infec-
ted through zoonotic and it is apparent that human-to-
human transmission had been occurring and more than
half of these cases were older than 45 years old. The mean
incubation period was approximately 5.2 days and the basic
reproductive number of this outbreak was estimated as 2.2.
It is worth mentioning that cases of 2019-nCoV had been
doubling in size around one week in Wuhan at this stage.
Furthermore, Huang et al. collected 41 admitted hospital
patients by January 2, 2020 to figure out the infection of
this outbreak.25 Common symptoms at onset of illness
included fever, cough, and myalgia or fatigue and there
were 6 deaths among reported cases among this cohort. A
total of 27 patients had direct exposure to Huanan Seafood
Wholesale Market and 9 of them were treated with a
higher-level oxygen therapy in the intensive care unit (ICU).
Such evidence indicated the origin of the efficient human
transmission for 2019-nCoV.

This outbreak not only revealed an important charac-
teristics of SARS-CoV-2 transmission but also heralded the
spread of SARS-CoV-2 from hot spot to hot spot over the
majority of provinces in China and also inter-continental
transmission from the high population density of airport in
China to other countries through the trajectory of trav-
elling.26e28 Based on the comparison of infectious process
between SARS and COVID-19, Fig. 2 (b) shows the latent
period of SARS-Cov-2 is shorter than the incubation period
when the time axis of infection is compared with that of
disease onset since the time of infection whereas SARS is
not. This means those infected with SARS-CoV-2 become
infectious to infect the susceptible subjects before the
occurrence of symptoms related to COVID-19. This char-
acter accounts for why the epidemic caused by SARS-CoV-2
is more intractable to be prevented than that of SARS as
those infectives before symptoms have been proven as pre-
symptomatic and asymptomatic cases later during COVID-
19 pandemic.

A phenotyping evolution and spatiotemporal clustering
phenomenon of the emerging infectious disease, COVID-
19, from southern China to countries of the 38� North
Latitude via international travel was noted.27e31 By in-
ternational mobility after the outbreak in China, several
countries had initial outbreak with rapid spreading of
SARS-CoV-2 in the early of 2020.26,32 In South Korea, the
first COVID-19 case, an imported case from China, was
confirmed in mid-January. The first outbreak of COVID-19
in South Korea started from the end of January to 19
February, 2020. Due to the church cluster infection, the
second outbreak started from 20 February.27,33 By 26
February, the government of South Korea implemented
the universal testing for COVID-19, and the daily reported
cases grew up rapidly.34 The epidemic curve started to
decline since 4 March. In Iran, two deaths were reported
on 19 February and were confirmed as the first two cases
of COVID-19 in the same day in Iran.35,36 The outbreak in
Iran then occurred on March 24, with more than 1500
daily reported cases up to the end of March. In Rome,
Italy, the first two cases of COVID-19 cases who came
from Wuhan were confirmed on 31 January.37,38 In



Figure 3 The framework synthesis of epidemic, containment strategies, clinical management, and economic evaluation of
COVID-19 pandemic.
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Lombardy, Italy, the fourth confirmed case was reported
on 21 February. After several sporadic cases been re-
ported, extensive tests were performed on subjects with
contact history.39 Clustered events associated with a
superspreader occurred in Lombardy and started to
accumulate COVID-19 cases. After then, the cases
numbers in Italy increased dramatically. For other coun-
tries in Europe, most of the cases reported from early
outbreaks were related to China or Italy. The time series
of main outbreak started in other countries surrounding
Italy, such as France and Germany. The COVID-19 out-
breaks were further spread to the United Kingdom,
Scandinavian countries, and other European countries.40

The first confirmed case in the United States was also
related to China.40,41 The first outbreak not only included
imported cases, but also had many cluster infections in
different states of the USA. The second outbreak started
from 11 March, 2020. On 19 March, the United States
government started to increase the capacity of testing.
The daily reported case kept increasing until the end of
March, 2020.

These transmissions and the effectiveness of containment
measurements can be monitored by basic and effective
reproductive numbers. The transmission was augmented
from hotspot to hotspot with higher reproductive number. By
S10
contrast, there was no large community-acquired outbreak
in Taiwan during the period. The exempted emerging out-
breaks is explained by timely border control and prepared-
ness according to Taiwan experience.42,43

Such an evidence-based scientific literatures form the
origin of outbreak in Chin to the following links of inter-
continental epidemics before the WHO declared COVID-19
pandemic is well documented and proved by the epidemi-
ological data and the epidemic model in the accompanying
original article of this special issue.44
Global transmission after pandemic

Following the COVID-19 spreading from the epicenter of
Wuhan to the metropolitan cities along 38� North latitude in
early months of 2020, SARS-CoV-2 propagated to global
countries and regions at accelerated speed. Although World
Health Organization (WHO) declared COVID-19 as a public
health emergency of international concern (PHEIC) on 30
January, 2020, and announced pandemic on 11 March,
2020,45 underestimating the high SARS-CoV-2 attack and
slow reaction in most of public health systems led to the
rapid spread of COVID-19 resulting in global pandemic after
an initial outbreak was observed.46



Journal of the Formosan Medical Association 120 (2021) S6eS18
Similar to the outbreak occurring in South Korea, Italy,
and Iran during the early period, the intrusion of this novel
pathogen started from imported cases, followed by the
clustered transmission in scenarios of close contact such as
household, mass gathering event, and health care facilities
including hospitals and long-term care institutes.14,31,33,47e49

With this augmentation, the COVID-19 outbreak has estab-
lished its ground and transformed into community-acquired
outbreaks lasting for periods before its containment by the
implementation of a series of NPIs in the country and region
with outbreak. NPIs have been suggested to slow the spread
of infection before widespread of effective vaccinations.50

Due to the characteristics of COVID-19 transmission in
the pre-symptomatic and asymptomatic state and the high
transmissibility as indicated above, several waves of
community-acquired outbreaks occurred. The fatal conse-
quences of this long lasting pandemic due to both the high
mortality among the elder population and the collapse of
health care system in the face of overwhelming cases
resulted in an emergent and stringent situation for con-
taining COVID-19 spreading at regional and global
scale.51e53 Given the dilemma of using NPIs as a main
strategy for the containment of outbreaks and its tremen-
dous impact of societal and economical activities, the de-
cision on the timing and the extent of lifting social
distancing is always scientifically and politically chal-
lenging,54 even in the early months of 2021 when effective
vaccines are available.

Conventionally, the basic reproductive number (R0) is
used to quantify the outbreak and the risk of community-
acquired outbreak as indicated in Fig. 3. The outbreak
will continue when R0 > 1, whereas the outbreak is
controlled while R0 < 1.55 The effective reproductive
number (Re) is calculated over time as an indicator together
with R0 to explain the effect of containment and mitigation
strategies.56 However, relying on reproductive number to
manage COVID-19 pandemic is limited.57 This convention of
using effective reproductive number (Re) for the identifi-
cation of community-acquired outbreak based on which the
implementation or lifting of NPIs has been confronted by
this long lasting and capricious COVID-19 pandemic. No
other indicator has been discussed more controversially
than the reproduction number.58 There are two novel in-
dicators developed on the basis of learning from COVID-19
pandemic. Chen et al. have developed the index for so-
cial distancing based on time-series registry data to assess
the balance between COVID-19 disease burden represented
by the number of COVID-19 cases and the medical care
capacity captured by the number of recovery and case fa-
tality rate of COVID-19,59 and to improve the limited use of
reproductive number in COVID-19 pandemic. This novel
indicator can be used to get a better understanding of
community-acquired outbreaks associated with the
containment measurements and new viral variants for
global COVID-19 pandemic.

Stemming from the reproductive number and the re-
sources required for containing outbreak and caring
infected patients, a new surveillance system is required
for monitoring the global and the local community-
acquired COVD-19 outbreaks when facing long pandemic
period worldwide. To reach the aim of classifying the
community-acquired outbreak from different surges of
S11
COVID-19 pandemic a series of data-driven models taking
into account the duration taken from Rt > 1 to Rt < 1 and
case load given each duration was developed. On the basis
of this data-driven model, the COVID-19 outbreaks in
global countries and regions were categorized into fiver
patterns, labelled as “controlled epidemic”, “mutant
propagated epidemic”, “propagated epidemic”, “persis-
tent epidemic” and “long persistent epidemic”. Stemming
from the classification, the method for the identification
of community-acquired outbreak were established and the
timing for lifting social index were proposed by using the
social distancing index (SDI). The profiles of global trans-
mission and the discoveries on the new indicator of SDI and
different patterns of global transmission are detailed in
the accompanying original article of this special issue.60
Household transmission of SARS-CoV-2

The patterns of COVID-19 outbreak from first few imported
cases to community-acquired outbreak through clustered
infections by the enhanced transmission of SARS-CoV-2 in
household can be noted since the first pandemic phase.48,61

The SARS-CoV-2 is highly transmissible by close contact with
infected peopled though fomites or aerosols. Indoor envi-
ronment with a high likelihood of close contact, such as
school or household could be considered as the high-risk
settings. Hence, households are the major sources of
COVID-19 transmission in the communities. Many clustered
infection episodes during periods of outbreaks has been
elucidated by household exposure.48,61 The elucidation of
infection risk among household contact can thus provide
valuable information on transmission in population.

The first domestic case was diagnosed on January 28,
2020 in Taiwan, also caused by a family cluster infection
because his wife traveled back from Wuhan.62 The higher
household attack rate in the early period of COVID-19
pandemic than SARS-CoV and MERS-Cov has been demon-
strated in a systematic review study.63 Prompt adoption of
containment measurements can reduce the probability
from household transmission to community transmission.
Studying the household transmission is thus beneficial to
reveal the transmission dynamics of a novel respiratory
pathogen and to intervene and reduce the viral trans-
mission. By using the empirical data on household clusters
in Taiwan, SARS-CoV-2 spreading in such a confined envi-
ronment is first characterized. Based the estimated results
on infection probability in household we further quantify
the effectiveness of containment measures implemented in
preventing COVID-19 outbreak in Taiwan.

Imported cases in low risk infection area like Taiwan
provide a natural opportunity to elucidate household
transmission with different transmission mode like Green-
wood and Reed-Frost as it is too difficult to have contact
tracing of household infection once a large community-
acquired outbreak occurred worldwide. Based on a total of
26 households with 39 family clusters in Taiwan, the
infected probability was estimated as 44.4% for household
transmission in early pandemic period (before 2021). The
infected probability was increased to 58.3% in later
pandemic period (after 2021). The higher household
transmission of SARS-CoV-2 for the period of early 2021
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might be due to the emergence of viral variants. This has
been addressed in the accompanying original article of this
special issue.64

Evaluation of containment and mitigation
strategies and vaccine: global and Taiwan
perspective

The NPIs from the conventional approaches of quarantine
and isolation to the lockdown at different scale have been
implement for containing COVID-19 outbreak since first
pandemic period. The NPIs of lockdown has been used to
contain the outbreak in countries such as Italy.38,65, As part
of the border control measures, the effectiveness of NPIs
have also been demonstrated in countries such as
Taiwan.42,66 With the vaccination distribution by the end of
year 2020, the NPIs still play a role in containing COVID-19
outbreak due to both the uncertainty of vaccine efficacy in
preventing asymptomatic cases and SARS-CoV-2 trans-
mission and the attenuated protection against the emerging
variant strains since the third pandemic period.67e71

Although a series of NPIs have been adopted in countries
and regions globally since the early period of first COVID-19
pandemic, its effectiveness in preventing outbreak can
hardly been addressed systematically and empirically.72,73

This is also true for the implementation of NPIs in
conjunction with vaccination distribution.

We thus evaluated the efficacy of NPIs for containing the
outbreak of COVID-19 before and after vaccination by using
a computer simulation design in conjunction with the
susceptible-exposed-infected-recovered (SEIR) type model.
With the support from the empirical data on reported
COVID-19 cases of Italy and Israel before the implementa-
tion of conferment measures, the natural propagation of
epidemics was reconstructed. The efficacy for the sce-
narios of NPIs in flatten the epidemic curve was then
assessed on the basis of this nature propagation. On the
basis of this simulated study design, the joint effect of
confinement measures and vaccination was demonstrated
by using Israel scenario. Enlightened by this simulated study
design, we further assessed the transitional containment
measures of quarantine and isolation using Taiwan
scenario.

This systematic approach with computer simulated study
design not only provides the backbone for the informed
decision making on the implementation of NPIs with the
consideration of the effect of vaccination distribution but
also explains the successfulness of the border control
measured adapted in Taiwan with empirical evidence.

The accompanying original article in this special issue is
provided for such a literature review and simulated design
on containment measures and vaccination implemented in
three scenarios with high infection area such as Italy and
Israel as two examples and low risk infection area such as
Taiwan as an illustration.74

Social distancing

During the first pandemic period of COVID-19, the NPIs
involved with the combination of social distancing, fever
screening, and personal hygiene such as wearing mask have
S12
been implemented as the mainstay for the prevention and
containment of COVID-19 outbreak. The preparedness of
NPIs is also crucial for preventing clustered COVID-19
outbreak in mass religious gathering, which have been
proved to be highly associated with the acceleration of
COVID-19 pandemic in countries such as Korea and
Iran.34,47,75,76 Following this rationale, we proposed a
framework to assess the preparedness in the context of the
classical mass religious gathering of Mazu Pilgrimage in
Taiwan.77 This approach was further applied to assessing
the NPIs required to prevent the outbreak in the Shin-
cheonji Church of Jesus mass gathering in South Korea.75 On
the basis of this assessment, we demonstrated in the
accompanying article of this special issue how to quantify
the social distancing measures and the scale of imple-
mentation required for the containment of COVID-19
transmission in mass religious gathering with two con-
trasted examples of religious gathering, one in South Korea
with the following epidemics and the other in Taiwan
demonstrating how the preparedness for containing the
outbreak of SARS-Cov-2 was adopted.78

Predicting fatal COVID-19 and medical capacity
with the progression rate from pneumonia to
ARDS

The elucidation of COVID-19 progression from the mild res-
piratory disease to pneumoniawith the needs of hospitalized
care and treatment plays a cardinal role in the triage of
COVID-19 cases.79 Strained by the overwhelming number of
COVID-19 cases in the first and third pandemic period, the
shortage of medical care capacity in terms of facilities,
equipment, andpersonnel have been reported bymost of the
medical care systems worldwide.53,80e83 The negative asso-
ciation between the overburdened medical care system due
to mounting COVID-19 cases and the risk of disease pro-
gression and death have been well established.84 The
emergence of viral variants with enhanced transmissibility
further exacerbates this threat.85 To predict fatal COVID-19
with a surrogate indicator, the medical capacity can be
allocatedwith precision to provide an optimal treatment and
to reduce the risk of COVID-19 death.

To address this issue and to provide a real-time moni-
toring between the balance of medical needs and capacity,
Hsu et al. developed an index for predicting the occurrence
of fatal COVID-19 by using the progression rate from
pneumonia to acute respiratory distress syndrome (ARDS).79

A significant association between this progression index and
the reported case fatality rate reported in each county was
found (R2 Z 95%). In addition, a remarkable variation
ranging from 3% to 63% for each county, which was attrib-
uted to the corresponding case-fatality rate for each
county, was observed. On the basis of this empirical find-
ings, this progression index derived from a disease pro-
gression model for COVID-19 can thus be used as a
quantitative marker to inform the medical resource allo-
cation to optimize the care for COVID-19 patients.79

Stemming from the established COVID-19 progression
model, the indicator by using the progression rate from
pneumonia to ARDS was further extended to a global scale to
predict the expected fatal COVID-19 and guide the
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preparedness of medical care capacity in the era of COVID-19
resurgence. Details on this application was elaborated in the
accompanying article of this special issue.86

Efficient evaluation for efficacy of antiviral therapy

While the preparedness of medical care capacity is of
paramount importance for caring COVID-19 patient, effec-
tive treatments and therapies not only can alleviate the risk
of disease progression but also accelerate discharge for
efficient utilization of medical care resources.87,88 Treat-
ment of COVID-19 depends on the course of the infection
and the severity of the disease.52,89e92 In the early stage,
inhibiting the virus replication by using agents such as
remdesivir and antibody therapy is crucial, especially for
those who have high risk of disease progression. For COVID-
19 patients with severe disease, systemic inflammatory
response caused by the immune response to SARS-CoV-2 can
lead to cytokine storm with a continuum of inflammatory
organ injury. In this stage, anti-inflammatory medications
such as dexamethasone thus plays major role.52,89e92 With
the elucidation of the pathophysiological effect of SARS-
CoV-2 infection, a series of compounds addressing these
destructive mechanisms inherited from the clinical pro-
gression of COVID-19 have been developed.93,94 The timely
provision of these antiviral therapies tailored by disease
severities can decrease the risk of COVID-19 death and
accelerate the rate of recovery and discharge.89,95

Following the convention of evidence-based clinical
practice, several randomized controlled trials have been
conducted to prove the clinical efficacy of these com-
pounds.96e106 Based on the double-blind, randomized,
placebo-controlled trial ACTT-1 study, remdesivir therapy
showed the efficacy in decreasing the risk of COVID-19 death
by 27% with a marginally statistically significance.96,97 In
order to clarify the inconsistent or underpowered results of
remdesivir treatment efficacy, a novel study design and
analysis was proposed by Jen et al.107 The study demon-
strated that remdesivir treatment can significantly decrease
the risk of COVID-19 death by 21%. The number needed to
treat of remdesivir treatment required to avoid one death
was estimated as 133.3. Following the approach of Jen et al.,
a Bayesian sequential synthesis design was applied to inte-
grating the information from one-arm compassion study and
two-arm ACTT-1 study to evaluate the clinical efficacy of
remdesivir with enhanced statistical power. The results
showed that remdesivir therapy not only reduces the risk of
COVID-19 death (relative risk [RR], 0.69; 95% confidence in-
terval [CI], 0.56 to 0.82) but also increases the odd of
discharge (RR, 1.10; 95% CI, 1.01 to 1.18) significantly.

The detailed results and this synthesis design and anal-
ysis performed through the combination of one-arm
compassion study and two-arm RCT study with the consid-
eration of the dynamic of disease severity refer to the
accompanying article of this special issue.108

Assessing medical capacity for COVID-19 patients

Given the severe states of ARDS as a result of clinical pro-
gression for COVID-19 cases, the capacity of intensive care
unit (ICU) is critical for controlling the mortality of COVID-
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19. At the beginning of several emerging outbreaks of
COVID-19 emerged, a dramatic increase in cases resulted in
unaffordable medical capacity and high case fatality rate.
If we can determine when and how we should expand the
medical capacity such as quarantine beds and ICU capacity,
the bed occupancy can be optimized with efficient alloca-
tion of medical resources. Several studies have estimated
the medical needs for hospital beds in the United
States,109,110 Mexico,111 Colombia,112 Brazil113 and Italy.114

Allocation of medical capacity has been also affected by
SARS-CoV-2 variants of concern (VOCs) that have emerged
since late 2020.115 Several studies showed that B.1.1.7 is
more likely to transmit to children and the P.1 variant can
cause more severe clinical presentations in young
adult.116,117 A study in Canada demonstrated that the
medical needs of hospitalization and ICU care for COVID-19
increased by 21% and 28%, respectively, in March 2021.118

The study further revealed that in Ontario, Canada, the
percentage of ICU admission among patients under 60 years
have been increasing since December 2020, by when 67% of
COVID-19 cases was infected by B.1.1.7 strain.118

Modelling the medical needs for hospitalization, ICU,
and home-based setting may resort to a compartment
queue model in conjunction with the congestion indices for
isolation wards and ICU. The compartment queue model to
describe the process from susceptible, self-quarantine and
self-isolation at home/hospital, ICU admission to recovery/
death, estimating the traffic intensity ratios (TIRs) for the
congestion of hospitalization and ICU by taking Lombardy
(Italy), France, Spain, Belgium, New York State (United
States), South Korea, and Japan for example. These two
TIRs can monitor the medical capacity in hospital in
response to the COVID-19 pandemic. The higher TIRs the
more demand is required to meet increasing cases. TIRs
derived from compartment Queue model can be applied to
assessing the preparedness of medical capacity during
COVID-19 resurgence. The application and the results of
these context are provided in the accompanying article of
this special issue.119
Economical evaluation for NPIs and vaccines on
COVID-19

Non-pharmaceutical interventions were the only effective
means to contain the spread of COVID-19 before the roll-
out of vaccines in the epoch of COVID-19 pandemic. A
simple hand-hygiene was demonstrated as cost-effective
with an incremental cost-effectiveness ratio (ICER) of USD
$8 only.120 Screening tests and social distancing are also
believed to be cost-effective.121 The vaccines with the ef-
ficacy in preventing SARS-CoV-2 infection, symptomatic
COVID-19, severe COVID-19 state, and COVID-19 death have
become available in the beginning of 2021.122e124 According
to the reports of Phase 3 randomized controlled trials of the
three major vaccines, BNT162b2 (Pfizer-BioNTech), mRNA-
1273 (Moderna) and AZD1222 (Oxford-AstraZeneca), vacci-
nation is anticipated to reduce symptomatic cases by 95%,
94.1%, and 70.4%, respectively. It is also effective in
reducing asymptomatic cases by 52.4%, 61.8%, and 27.3%
for the three vaccines. With the distribution of these
effective vaccines, the containment of COVID-19 outbreaks
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can be achieved and the progressive lifting of NPIs and
border control measures can be expected.

To reach this goal, mass vaccination campaigns have
been initiated in many countries and regions of the world.
To accelerate the vaccination distribution and reach the
goal of population immunity from the level of country and
region to global scale, more investment from stakeholders
has been urged and propagandized with an expected return
of an excessive global benefit. These needs for vaccination
distribution at global scale have incurred a global benefit of
USD $17.4 trillion, considering the impacts on education
and health, with the market design for installing capacity
for 3 billion annual vaccine courses, over USD $5800 per
course.125

On the perspective of economical evaluation, cost-
effectiveness and cost-benefit evaluation are thus of great
interest to health decision-makers given such a large scale
investment. For an informed decision making, a Markov de-
cision model is often required by taking into account the
effectiveness of types of vaccines in preventing the contin-
uum of COVID-19 diseases including asymptomatic, symp-
tomatic, severe, and death and the cost incurred by both
mass vaccination program and caring for COVID-19 patients.
On the basis of this comprehensive framework, the econom-
ical evaluation on the impact of COVID-19 outbreak and the
containmentmeasures centered atmass vaccination in terms
of cost-effectiveness and cost-benefit were addressed. In the
accompanying papers of this issue, vaccination with 70%
coverage in areas of epidemic as Israel has, no matter with
Pfizer, Moderna, or AstraZeneca, was demonstrated to
dominate no vaccination in a cost-utility analysis. The results
of cost-benefit analysis suggest that investing USD $1 earlier
in vaccine may return ten to thirty USD$ when health and
education loss are considered and hundreds of USD$ when
value of statistical life (VSL) is taken into account.

The detailed results and the framework of cost-utility
analysis and cost-benefit analysis refer to the accompa-
nying original article of this special issue.126
Global burden of COVID-19

The COVID-19 pandemic has caused huge impact on human
life in terms of both health and economical outcomes.
Following this long-lasting and unprecedented threat to
human life, a shorten life expectancy has been foreseen
given the high incidence and mortality and prevailed
spreading COVID-19.127 For a better understanding of this
health and economic impact of COVID-19, the disability-
adjusted life years (DALYs) and value of statistical life
(VSL) metrics were applied for such a purpose.

DALYs is an important indicator that combines disease
incidence and mortality to quantify the burden of a COVID-
19. DALYs captures the loss of healthy life year and can be
separated in to two parts: years of life lost (YLL) due to
premature death and years lost due to disability (YLD) for
patients living with the disease.128 While DALYs captures
the health outcomes of COVID-19, VSL translates this
impact into economic measurement by the methods of
Hedonic wage (HWM) and contingent valuation (CVM).129

Using age specific incidence and mortality of COVID-19,
the DALYs and VSL for different countries and areas up to
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the end of April, 2021 can be assessed. Globally, DALYs (in
thousands) due to COVID-19 was tallied as 31,930. The
estimated VSL were US$591 billion and US$2368 billion
based on HWM and CVM, respectively. An increasing trend
for global VSL with the propagation of COVID-19 spreading
form the first pandemic period in year 2020 to the resurgent
phase in 2021 was revealed. It can be noted that a large
variation on the impact of COVID-19 across countries and
areas under different Human Development Index (HDI)
ranging from US$0.001 billion to US$691.4 billion was
observed. Big data analytics with machine learning
approach to categorize the COVID-19 impact for each
country and area into eight categories.

Compared with the global burden of disease (GBD) in
2017, the disease burden of COVID-19 was very close to
45,000 (thousands) for TB and Malaria, 4.61-fold of 6340 for
upper respiratory disease, and 4% of 696,000 in the broad
category of communicable, maternal, and nutritional
deficiency.130

The detailed results on global burden of COVID-19 in
terms of DALYs and VSL are provided in the accompanying
original article of this special issue.131

In summary, learning from two pandemics spanning over
one century, influenza in 1918 and COVID-19 in 2020, and
their related successive pandemics and epidemic, this re-
view proposes the study framework of dealing with emerging
infectious disease such as COVID-19. The subjects derived
from this framework cover a systematic review of contexts
from infection and disease process under the theoretical
epidemic model, intervention on NPIs and vaccine, and
clinical treatment and antiviral therapies, and evidence-
based evaluation of these interventions, until global burden
of COVID-19. This review also motivates research people
involved in COVID-19 to have discoveries on all these con-
texts in order to provide a panorama and new model after
studying the spread and transmission, intervention, and
evidence-based evaluation of COVID-19 pandemic.
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