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Abstract

The 2019 coronavirus (COVID-19), also known as SARS-CoV-2, is highly pathogenic

andvirulent, and it spreads very quickly throughhuman-to-human contact. In response

to the growing number of cases, governments across the spectrum of affected coun-

tries have adopted different strategies in implementing control measures, in a hope to

reduce the number of new cases. However, 5 months after the first confirmed case,

countries like the United States of America (US) seems to be heading towards a trajec-

tory that indicates a health care crisis. This is in stark contrast to the downward trajec-

tory in Europe, China, and elsewhere in Asia, where the number of new cases has seen

a decline ahead of an anticipated second wave. A data-driven approach reveals three

key strategies in tackling COVID-19. Our work here has definitively evaluated these

strategies and serves as awarning to theUS, andmore importantly, a guide for tackling

future pandemics. Also see the video abstract here https://youtu.be/gPkCi2_7tWo
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INTRODUCTION TO A GLOBAL PANDEMIC

A pandemic is a global outbreak of a new virus that is very different

from current and previously circulating human viruses. As viruses are

constantly mutating, on rare occasions, it is possible for non-human

viruses to change in such a way that can infect humans easily. This

may be exacerbated by the ease of spreadwhen it becomes contagious

through person to person contact. Beginning in December 2019, in the

region of Wuhan, the People’s Republic of China, a novel coronavirus

appeared and began to spread in human beings.[1] The coronavirus dis-

ease of 2019 (COVID-19) is a new virus that spreads quickly between

people. Although it was initially perceived as an epidemic in China, the

virus soon spread worldwide within months. TheWorld Health Organ-

isation (WHO) declared COVID-19 a pandemic in March, 2020, and

by the end of that month, the world saw more than a 7.5 million peo-

ple infected and nearly 35,000 deaths,[1] according to WHO Situation

Report 71. As of the end of June, 2020, the virus has spread beyond

10 million individuals, with half a million deaths reported worldwide 6

months since the first reported case inWuhan.

Coronaviruses are a group of related RNA viruses that cause dis-

eases in groups of mammals and birds. When humans are infected

by these viruses, these viruses cause respiratory tract infections that

can range from mild respiratory deficiencies to severe effects, lead-

ing to death. Unlike COVID-19, the outbreak of severe acute respira-

tory syndrome (SARS) in 2002–2003 in Asia never reached the level

of a pandemic.[2] This coronavirus is not as contagious as the one

responsible for COVID-19. The spread of SARS was mainly restricted

to hospitals and other settings where people came in close contact

with body fluids of the infected patients.[3] At the end of the SARS epi-

demic in June, 2003, the incidence was 8422 cases with a case fatal-

ity rate of 11%, and no new cases of SARS had been reported world-

wide since 2004.[4] The other major coronavirus outbreak, since 2000,

is the Middle East respiratory syndrome (MERS). The first identified

case of MERS occurred in 2012 in Saudi Arabia and most outbreaks

have occurred in the Arabian Peninsula.[5] This virus is not as conta-

gious asCOVID-19, but hasproven tobemuchdeadlier thanbothSARS

and COVID-19. About 2500 cases have been reported as of January,

2020, with a case fatality rate of about 35%.
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A key feature that sets the 2019 coronavirus apart from previous

epidemics is the far-reaching extent of the virus, having spread to 216

countries and territories after just 6 months of it being first detected

and classified.[6] As an indication of the potential widespread of the

virus, epidemiologist will estimate the basic reproductive number, R0.

This gives an indication of the spread of a disease. If the R0 > 1, infec-

tions will continue to spread. If R0 ≤ 1, the infection will eventually

diminish. The R0 of COVID-19 based on early studies from initial data

fromChina is estimatedat1.4–6.5,withanaverageof3.3,medianof2.8

and interquartile range of 1.2, with other studies indicating the same

range of values.[7,8] More recent research using data from the out-

break in Italy puts the numbers in the range of 2.4–3.1.[9] This range

of R0 values is due to various factors, amongwhich, transparency, deci-

sive leadership, effective communication, solidarity and accountability

are some of the key factors that influence R0. Most countries would

not be returning to the open and connected global economy they had

before anytime soon. While it is also too early to say that the worst

is over, we can certainly identify some key lessons that can inform our

responses to future crises.[10,11] In this paper, we attempt to study and

compare the spread of COVID-19 in the United States (US) of America

(comprising the 50 States, including theDistrict ofColumbia (D.C.)) and

the group of European nations (comprising the members of the Euro-

pean Union, the countries in the Schengen area and United Kingdom),

with comparisons to the situation inMainland China, Japan, and South

Korea. We first introduce some key concepts that will aid in our anal-

ysis. Ourmethodology pertaining to the data collection and its analysis

are then discussed. Finally, we provide caution and give our conclusion

in the last section.

WHAT IS THE GLOBAL RESPONSE?

Timeline and response

As with on-going epidemics and pandemics, the situation is evolving

with new discoveries each day. For the purpose of this paper, we dis-

cuss the COVID-19 pandemic from the period of December 31, 2019

(when the the alert was first announced by theWHO) to June 30 2020,

6months after.

Retrospective studies consider the emergence of the SARS-CoV-

2 strain to have evolved in November 2019.[12] Apprehension of a

pending epidemic started at the Hubei Provincial Hospital of Inte-

grated Chinese andWestern Medicine in Wuhan, in the days between

December 27 and 29 2019. On December 31, 2019, the Wuhan

Health authorities issued a case statistic of 27 infected individuals.

On the same day, the WHO also received the information.[13] There

was swift action by the scientific community in China that resulted

in the publication of the genomic sequence of the virus on January

11. Since January 20, there have been reports confirming human-to-

human transmission after initial suspicion of transmission to medi-

cal workers. In this section, we first summarize the responses given

by the different governments at key junctures of their pandemic

milestones.

COVID-19 in the US

The US Centre for Disease Control received its first reported case on

January 22 and confirmed its first local transmission case in the same

month.[14] In response to the early outbreaks in Hubei province in

China, the US President suspended entry of foreigners who have been

physically inmainlandChina during the preceding 14-day period, effec-

tive February 2. Following which, the 26 European countries that com-

prise the Schengen Area adopted the same travel restrictions, effec-

tive March 13 and were joined by the United Kingdom and Ireland on

March 16. The early closure of the border to China meant that many

of the first cases detected in the US are arrivals from Europe.[15] Euro-

pean travel preceded the index cases in at least 13 states and territo-

ries, compared to only six fromChina, with Italy accounting for at least

10 of the first COVID-19 cases.

By the end of March, cases were recorded in all 50 US states and

D.C., with early outbreaks concentrated at keymajor cities. In the same

month, New York alone accounted for the highest number of cases.

The state saw 56% of all confirmed US cases on March 25.[16] With

stricter measures of stay-at-home orders and curfew in place, some

states have managed to significantly decrease the spread of the coro-

navirus within their state borders. This was subsequently followed by

most states in the followingweek, however these orderswere imposed

with a diverse scope and severity. Figure 1 shows the efforts by each

state of the union, and D.C., in its efforts to limit the spread of the

virus.

A second peak1 of infections began in June 2020, primarily driven

by relaxed restrictions in several states, mainly among the Southern

states, including Arizona, South Carolina, Florida, Texas, and Arkansas,

among others.

COVID-19 in Europe

Under the EuropeanUnion subsidiarity principle, the EU does not have

the legal powers to impose health management policy or actions, such

as quarantine measures or closing schools, on member states. How-

ever, the EU and its member states have been taking resolute and

coordinated action to mitigate the socio-economic impact due to the

COVID-19 outbreak. The EU is coordinating efforts and mobilising

resources available to help member states in their national responses.

The EU has laid out key principles in its fight against the spread of the

virus[17,18]:

∙ limiting the spread of the virus

∙ ensuring the provision of medical equipment

∙ boosting research for treatments and vaccines

∙ supporting jobs, businesses and the economy

∙ helping citizens stranded in third countries.

1 As there is no clear definition for “second wave”, we interpret a “second wave” as a consid-

erable increase in new cases after a clearly observed drop or stagnation in the number of new

cases following the initial increase in infections.
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F IGURE 1 The efforts by the States of the US andD.C., grouped according to regions. *Wisconsin’s State court declared the “stay-at-home”
order unconstitutional.
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F IGURE 2 The efforts by Italy, Spain, France, Germany, and the UK in limiting the spread of the virus through internal control strategies such
as closure of schools, social distancing, and lockdown

On March 16, the EU Commission recommended member states

to urge their citizens to remain within the EU to avoid spreading the

virus to other countries. Each country is responsible for their external

borders and many have limited entry for non-EU citizens. In the initial

stages, the EU was reluctant to close internal borders as a form of EU

solidarity.However, as the spreadof thevirusbecamemore serious, the

EU, in consolidation of efforts, has also allowed countries to—for a lim-

ited period—introduce border checks at their internal borders if there

is a serious threat to public policy or internal security.[19] France and

Germanyplanned to reopen their internal borders on June15 and their

external border on July 1 to selected non-Schengen countries.[20,21]

Figure 2 shows the efforts by the major countries of the EU and

the United Kingdom (UK) in its efforts to arrest the spread of the

virus.

COVID-19 in East Asia

In China, Wuhan authorities shut down the city’s Huanan Seafood

Wholesale Market, in response to the reporting of 27 cases, widely

believed to be the first cluster of COVID-19. Following the closure of

the seafood market, the following actions were then taken by Hubei

Province in response to the outbreak[22,23]:

∙ January 23: transport in Wuhan, Huanggang, and Ezhou was

severely restricted, including closure of public transit, trains, air-

ports, and major highways into and out of these regions. Residents

were also restricted from leaving. Further travel restrictions were

enacted in 12 additional prefecture-level cities in the province of

Hubei.

∙ February 13: the Chinese government issued extension of order

to shut down all non-essential companies, including manufactur-

ing plants, in Hubei province until at least February 20. This was

extended aweek later to last until at leastMarch 10.

∙ March 13: With the situation improving in areas outside of the epi-

center, Wuhan, local governments relax some controls and permits

on road traffic.

∙ March 14: Hubei Sanitation and Health Committee announces

that only Wuhan remains a high-risk area, with the rest of the

Hubei province considered medium- or low-risk areas. Any low-risk

township-level divisions, in addition to those medium- and high-risk

divisions with no confirmed active cases, could lift their blockades

and other mobility controls. This kick started a series of easing of

controls over the rest of the province.

∙ March 22:Wuhan loosens its 2-month lockdown.

∙ March 25:Hubei lifts the lockdownoutside ofWuhan, although peo-

ple will still need to confirm their “Green Code” health classification,

designated by Alipay’s monitoring system, to travel.

∙ April 8: Wuhan lifts its lockdown, resumes all transportation, with

residents intending to leave the city to adhere to similar “Green

Code” requirement as those in the rest of the province.

Outside the Hubei province, there were various degrees of control

imposed atPrefecture,District andCounty level. This systemof ”closed

management” was implemented on a community-basis, where local

communities championed their ownCOVID-19management by adopt-

ing guidelines provided by the authorities. China’s aggressive strat-

egy has seen a sharp decrease in new cases. Despite the aggressive

strategy, as the country opens up, there have been threats of a second

wave, most notably in the capital city, Beijing.[24] In some cases, con-

trol measures had to be implemented again at the local level because

of localised outbreaks, two examples include Suifenhe county in Hei-

longjiang province, a county bordering Russia[25] and Anxin county in

Hebei, near Beijing after a small surge in cases.[26]

In Japan, the initial response was to adopt the strategy of contain-

ment. Japan focused on preventing the infected cases from entering

and treating those that are within its borders. Japan adopted a pol-

icy of containment that focused on the repatriation of Japanese citi-

zens from Wuhan, and the introduction of new border control regu-

lations. Some of the border controls included enacting restrictions to

deny entry, on February 1, to foreign citizens who had visited Hubei

province within 14 days and to those with a Chinese passport issued

fromHubei province.[27] This was later extended to Zhejiang Province.

This on top of having to handle an outbreak onboard the Diamond

Princess under quarantine in Yokohama.[28] Japan adopted a revised

strategy in late February when local cases started to increase expo-

nentially. A state of emergency was declared and the following took

place[29]:
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∙ April 7: Prime Minister Shinzo Abe declared a 1-month state of

emergency for Tokyo and the prefectures of Kanagawa, Saitama,

Chiba, Osaka, Hyogo, and Fukuoka. 9 days later, the declaration was

extended to the rest of the country for an indefinite period.

∙ May 14: Japan relieves the nationwide state of emergency COVID-

19 in 39 of Japan’s 47 prefectures, but it is still in place for major

cities including Tokyo, Osaka, Kyoto, Hyogo, Hokkaido, Chiba, Kana-

gawa, and Saitama.

∙ May 25: Japan ended the state of emergency in all of Japan.

Japan has seen increasing cases in Tokyo from late May into June,

but fears of it being a second wave has been dismissed by Governor

Yuriko Koike.[30,31] Japan managed to bring down the number of new

reported cases during the period of the state-of-emergency without

implementing the stringent lockdown as seen in Wuhan and Northern

Italy.[32]

The response in South Korea has been the center of praise from

the international community. South Korea introduced what was con-

sidered as one of the largest and best-organized epidemic control pro-

grams in the world. South Korea is the only country outside of the

Arabian peninsula that recorded an outbreak of MERS within their

borders, which may have prepared the country for another of such

outbreak.[33] The country reported its first COVID-19 case on January

20. The government takes the view that dealing with the COVID-19

outbreak requires focusing efforts on early testing and global coop-

eration instead of implementing a lockdown. Different measures have

been taken to screen the mass population for the virus, and isolate

any infected people as well as trace and quarantine those who con-

tacted them, without further lockdown.[34] Community locations that

may lead to extended social interactions were also shuttered, and only

reopened when South Korea saw sequential days of recording single

digit of new cases in late April. Aggressive testing and a data-driven

approach to performing contact tracing for isolation and quarantine

created the environment needed for social distancing, which signifi-

cantly reduced the number of new cases in South Korea.[35] By the

end of June, South Korea recorded 12,800 cases, with a case fatal-

ity rate of about 2.19%, which is significantly lower than the WHO’s

reported global case fatality rate of slightly under 5%.[36] The rapid

and extensive tests taken by South Korea have been judged successful

in limiting the spread of the outbreak, without using the drastic mea-

sure of quarantining entire cities. South Korea began easing social dis-

tancing rules onMay 6.[37] However, despite a sustained period of low

reported cases, a new cluster emerged in Seoul in mid May. Persistent

local counts of infections in the greater Seoul area continued,which the

government hinted as a secondwave of infections.[38]

Testing for COVID-19

Testing gives an indication of the infection status as lab-confirmed

infection are counted as confirmed cases. This means that the num-

ber of confirmed cases is a function of how much testing is being car-

ried out.With the possibility of asymptomatic transmission, it becomes

increasingly important in carrying out testing.[39–42]

Testing also provides a window into the pandemic and how it is

spreading. Without such data, we have no way of understanding the

dynamics of the spreading and severity of the pandemic. Without

which, it will lead to under-reporting of infected cases and death

counts. To interpret any data on confirmed cases and evaluating poli-

cies in relation to the curbing of the virus, it becomes crucial to know

howmuch testing forCOVID-19 is being carriedoutby individual coun-

try. The lack of access or reporting of such data will prevent anyone

from having a full understanding of the spread of COVID-19.

There are two kinds of tests available for COVID-19, namely, the

viral tests and antibody tests. A viral test indicates current infection.

Any individual who is currently infected with COVID-19 will be tested

aspositiveonaviral test. Anantibody test is a retrospective test. It indi-

cates a past infection. An antibody test may not show if an individual

has a current infection because it can take 1 to 3 weeks after infection

for the body to produce antibodies.[43,44]

Immunity to COVID-19

Based on current knowledge, it is not known if having antibodies to

the virus that causes COVID-19 may provide protection from getting

infectedwith thevirus again. Furthermore, if it does, onedoesnot know

how much protection the antibodies may provide, or for how long this

protectionmay last.[45–48]

A DATA-DRIVEN APPROACH TO ANALYZE
EFFECTIVENESS OF STRATEGIES

We used two data sets in this paper. The first data set contains raw

data on confirmed cases, by country, extracted from Our World in

Data.[49] The information used in this data set is sourced from the

EuropeanCentre forDisease Prevention andControl (ECDC). The first

data set was extracted on July 1, 2020, 0000 hours Universal Coordi-

nated Time. The second data set contains raw data of confirmed cases

(according to the states of the US), extracted from Centre of Disease

Control and Prevention (CDC).

It is worth noting that case numbers are highly dependent on truth-

ful reporting andefficient testing. TheCDCacknowledges thatCOVID-

19 can cause mild illness where symptoms may not appear immedi-

ately, as such, there will be delays in reporting and testing. Further-

more, there are individuals who are infected, but do not get tested

or seek medical care, and there may be differences in how jurisdic-

tions confirm numbers. Thus, any conclusions drawn from this anal-

ysis is highly dependent on the reporting. It is also possible that the

number of cases reported is different between data sets. This largely

boils down to the different reporting jurisdiction’s health departments.

This will not affect our conclusion as our analyses are pertaining to the

observed trends and not specific to individual case numbers. The data



6 of 12 LAI AND CHEONG

F IGURE 3 Number of newCOVID-19 cases per day, by state including the District of Columbia, and the total number of newCOVID-19 cases
per day reported by the United States Centerfor Disease Control and Prevention

sets used in this paper are also cross-referenced to ensure accuracy in

recorded information.

Data analysis

In this section, we have compiled the data according to the second

higher administrative division of the US and Europe, namely the states

and countries, respectively. The graphs generated capture the number

of new cases reported each day since the first reported case in the US

and Europe, respectively.

With regards to theUS,wehave seen that themain strategyadopted

by the states is the stay-at-home order or advisory implemented

at varying degrees, at different timelines. Their implementation are

largely reactionary, rather than cautionary. Figure 3 shows the number

of new COVID-19 cases per day, by state including D.C., and the total

number of newCOVID-19 cases per day reported by the United States

Centre of Disease Control and Prevention.

In Figure 4, the graphs show the different trajectories categorised

according to the main features of the spread of COVID-19. The graphs

in green show the states of New York and New Jersey, these states

were severely hit by the early waves of COVID-19, but have since

brought the spread under control after the early peak. Cases in these

states continue to fester, andareoften still higher thanother states, but

this is largely attributed to their high population density. The graphs in

orange (Pennsylvania, Illinois and Massachusetts) highlight the states

that have an early to mid peak of COVID-19 cases, and similar to the

states highlighted in green, these states have brought the number of

new cases under control. The states highlighted in orange have signifi-

cantly lower number of case counts compared to the states highlighted

in green. These five states continue to be under stay-at-home orders

or advisories. These states continue to see a decrease in new cases

each day.

On the other hand, the graphs in red show states (California, Florida,

Georgia and Texas) that have experienced an early first wave, similar to

those observed for the states highlighted in orange, but have not fully

recovered. These states are experiencing a second wave that is signifi-

cantly worse than the first wave. The graphs in purple show states (Ari-

zona, North and South Carolina) that have experienced late first waves

that coincide with the second wave of the states highlighted in red. Of

these seven states, four of them, namely Florida (May 4), Georgia (April

30), South Carolina (May 4) and Texas (April 30) have lifted their stay-

at-home orders, and are now seeing a surge in infection numbers. After

two weeks of lifting the stay-at-home orders, these states are now

experiencing another peak in the number of newly recorded COVID-

19 cases. We note that this is not unique only to the seven states men-

tioned in Figure 4, in fact, 20 other states have seen an increase in the

number of new cases in the final week of June, compared to the week

before. However, with no re-introduction of stay-at-home orders or

advisories, estimates indicate that the number of new cases will con-

tinue to increase beyond 100,000 new cases a day.[50]

In comparison to Europe, which has a larger population over a

smaller land area than the US, we see that most of the countries in the

EU, Schengen Area and the UK were hit by the coronavirus at around

the same time, with a lead or lag by about two weeks. This is largely

attributed to the fact that these countries, though belonging to the EU,
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F IGURE 4 Graph showing the number of cases of COVID-19 in different states. Different color categories indicate the different stages of the
COVID-19wave. The horizontal axis is in days since the first recorded case in the US (January 21, 2020)

have major airports that connect to the rest of the world. This would

likely bring the virus into its borders at around the same time. Figure 5

shows the number of cases, by country.

Unlike the trend observed in the US, the countries in the European

block have recorded a decrease in the number of new cases in the last

week of June as compared to the previous week. A comparison of the

trend observed in the US, Europe and China is given in Figure 6A. The

comparison shown in in the graph indicates the effectiveness of a lock-

down (in any form) as a viable strategy in reducing the number of new

COVID-19 cases. It also reveals the effectiveness of the stringent lock-

down implemented by China. Despite and in spite of China being hit

early by the novel coronavirus and not having prior knowledge of the

RNA sequencing of the virus and its classification,[51] swift action to

close localities at different administrative divisions ensured that the

viruswould not spread beyond themore than 2000newcounts per day

at its peak.

An analysis of China’s timeline also shows a deliberate attempt to

gradually lift the lockdown only when they were confident that the

spread can be contained. Despite the successful attempts to arrest the

spread of the virus through a lockdown, the WHO clarified that the

move is not a recommendation given by them and the authorities have

to ascertain the effectiveness of such a containment strategy.[52,53]

This strategy was also adopted in the early stages by Italy. The lock-

down measures implemented by Italy was considered the most radical

measure implemented against the outbreak outside China.[54]

Turning our attention to Japan and South Korea, these two coun-

tries have commonly been cited as successful case studieswith regards

to the management of COVID-19 outbreak. Both countries adopted

different strategies, as seen in Section 2. Japan chose to implement a

containment policy by identifying clusters, while South Korea adopted

the strategy of mass testing for both suspected individuals and general

public through drive-through testing facilities in the early stages of the

spread. Despite not being at the top of the list when it comes to testing

per capita, the initial response by conducting mass testing early with

the aim of identifying asymptomatic individuals and quarantining them

has proven to be helpful. Figure 6B shows the number of new cases

in Japan and South Korea. It is worth noting that the number of daily

new cases is on the increase after a week Japan emerged from their

state-of-emergency onMay 25, with the same trend being observed in

South Korea, after easing of social distancing rules on May 6. Experts

have advised that this is not a secondwave because of the coordinated

efforts employed by both countries tomonitor and contain new cases.

Based on a data-driven approach, we have identified three key

strategies in curbing the spread of COVID-19. They are:

∙ One: Controlled movement by implementing some form of coordi-

nated social distancing, stay-at-home order or extreme lockdown.

∙ Two: Early and sustained implementation of containment through

internal and external border controls.

∙ Three: Efficient and early testing to identify symptomatic and

asymptomatic transmitters.

These important lessons are drawn from the actions taken by highly

connected countries, like Japan and South Korea, and regions with
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F IGURE 5 Number of newCOVID-19 cases per day, by themember countries of the EuropeanUnion, Schengen Area and theUnited Kingdom,
and the total number of newCOVID-19 cases per day reported by the European Centre for Disease Prevention and Control

porous borders like the inter provincial borders in China and the Euro-

pean nations.

Warning for the US

We acknowledge that the fight against COVID-19 is far from over. The

rising cases in the US at the end of June entering in July, show that

the country is facing a health care crisis as the set of second waves in

some states are coinciding with the increasing number of new cases in

states with late first waves. This causes the infected cases to increase

exponentially. The US is in a unique position, as the virus was brought

in through the cities with large international airports first. The virus

then spread within its borders through internal travel. This is the con-

tributing factor that caused the successivewave phenomenon.With no

internal travel ban, cities that havebrought the virus under control, and

are opening up, are facing a new wave, which then coincides with the

first waves of the inland states. As the stay-at-home orders were lifted

beforea clear indicationof thevirusbeingunder control, suchmovehas

resulted in the explosion of cases. Yet, for such protean virus like SARS-

2-CoV, the execution of strategic measures cannot be ignored. COVID-

19 has been sweeping through the nation like waves on the beach, and

it can only be stopped when it comes crashing into an obstacle. Other-

wise, it will constructively interfere with other wavelets to give a sus-

tained wave of COVID-19 cases, as observed in the US.

In terms of the current emergency, states that have lifted their state

of emergency may have to re-impose controlled movement through

mandatory social distancing and/or stay-at-home orders. In certain

stateswhere case counts are increasing exponentially, a potential lock-

down may have to be implemented. These are measures that are in

line with key strategy One and have been tried and tested; not just in

countries mentioned in the current paper, but many other nations[55]

as well. In alignment with key strategy Two, a collective effort between

the federal and state government is necessary to implement internal

border controls, like those seen in the Schengen area and East Asian

nations. Border controls help to contain the virus in a locality, thereby

preventing it from infecting more individuals, in waves, as a means of

reproduction andmutation.

In a system of governance like the US (where the coordinating

authority of healthcare is delegated to the state governors), the federal

government must assume authority and responsibility to ensure that

governors adhere to the guidelines issued by the CDC. The majority

of the world’s governments have shown that the fight against COVID-

19 requires unity and coordination amongst the different levels of gov-

erning authorities, infectious diseasedivision and scientific community.

Thehandling of theCOVID-19 is a public health crisis and shouldnot be

used as a partisan issue.[56,57]

Lastly, we will touch on the key strategy Three—testing. Clearly, the

style of governance in the US differs wildly from China’s. Strict lock-

downs do not embody the spirit of liberty for which the union hinges

upon, at the same time, countries like South Korea has shown that

with social distancing, isolation and testing, it is also possible to con-

trol the spread of the virus. The US has capabilities far greater than

South Korea to administer large-scale coordinated testing, yet it did
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F IGURE 6 A timeline showing the trajectory of the number of new cases per day in (A) the US, European nations and China; and (B) Japan and
Korea.

not implement them in the early stages of the COVID-19 pandemic.

This is coupled with mixed indications on a potential second wave the

magnitude of testing and conflicting intentions by the President of the

US to scale back testing.[58–60] Crucially, the US has not reached the

scale of testing (suggested by health experts) required to contain the

virus. Slow testing means that asymptomatic transmitters continue to

spread the virus in the community, making the immediate future of its

battle against COVID-19 look painfully and regrettably bleak.

Yet, we should not ignore the states that have appeared to keep

the virus under control—these states are not exactly out of the rough

patch, just yet. A small slip or oversight may result in a new wave of

infections, like the one seen in South Korea and to a greater extent,

Singapore.[61] As the cases decrease week on week, the attention

should now be diverted to its internal borders with other states. The

threat of another wave now comes from a slip-up in across-state-

boundary imported cases. Thus, for these local governments, attention

should not just be placed on how to effectively implement key strategy

Two but on amore holisitic approach.

The three key strategies mentioned above must be implemented in

certain manner at the state level and mandated at the federal level.

Otherwise, the prospect of seeing a superposition of first waves, sec-

ond waves from further lifting of stay-at-home orders and/or even

a third wave from states when borders start to open, may bring

the health care infrastructure of this superpower to its knees, if



10 of 12 LAI AND CHEONG

COVID-19 has not already done so. As of now, it does appear that the

strategy adopted by the US is, by all empirical data, failing.

Warning for the future

Asofwritingof this paper, theworld is certainly notoutof this crisis yet.

The increasing trend in infected cases inmajor countries like Brazil and

Russia continues to be of concern to the WHO. However, with many

countries already out of their first wave and bracing themselves for a

potential second wave, these three key strategies have proven to work

and many countries have adopted them to varying degrees of imple-

mentation. Labelled as the worst pandemic in this century, it may also

not be the last formankind, especiallywith globalization, hyperconnec-

tivity, and the extreme centralization and increasing fragility of sup-

ply chains.[62] The lessons learnt from the first wave must be put into

good use in containing, or better yet, in preventing a second wave of

infections.

Although the situation is changing rapidly in themeantime, the num-

ber of new cases recorded beyond June 30, 2020 is trending in the

direction that affirms the guidance provided by this paper. As part of

the collective scientific response to tackling the COVID-19 pandemic,

this paper made use of 6 months worth of case count data and the

strategies employed by multiple countries to present three key strate-

gies. Therefore, these three key strategies cannot be ignored, not even

after the current pandemic. The conclusions may seem straightfor-

ward, but this is backed up by concrete data that the international com-

munity has been waiting to analyse. Now that we have the data and

the appropriate course of action, thewarnings offered here cannot and

should not be ignored anymore.

While we have highlighted the importance of the three key strate-

gies, the extent of implementation needs to be evaluated in accordance

to the socio-economic needs of each country. Be that as it may, our

data-driven approach has shown these three key strategies are guaran-

teed to reduce the number of new cases significantly. Therefore, these

three key strategies should be applied to the context suitable for each

country tominimize loss in population and economy.

Finally, hindsight is always 20/20, but we do not need to be deep in

a crisis only to acknowledge that certain measures should have been

executed earlier. The precautionary principle brings with it debates

of being unscientific and an obstacle to progress. Yet, we are brought

into this complicated and uncharted terrain because of the rejection

by international bodies like theWHO to definitively recommend strict

guidelines in the early days of the virus. Be that as it may, it is still the

task of the government of individual countries to adopt these strict

guidelines. This time, with hindsight, precaution was indeed better

than the cure. It is useful to examine the methodologies of science

and to consider ways, without compromising integrity and objectiv-

ity, that research can be helpful to those who will act with precaution.

This paper is important as a warning for future pandemics, that we

do not need to have data numbers that read ’10 million infected indi-

viduals and half a million deaths’ before we definitively conclude that

early adoption of the three key strategies was not throwing caution to

the wind.

CONCLUSION

The successes and failures of COVID-19management thus far have set

a precedent for how countries should approach future pandemics of

this magnitude. The observations and warnings from this paper focus

on the approach taken by theUS, the group of European nations, China,

Japan and South Korea in combating COVID-19. Despite the WHO

being unsure in the beginning stages ofCOVID-19,wehave nowdefini-

tively confirmed that the three key strategies are effective in contain-

ing the virus and bringing the number of new cases down. In partic-

ular, we have taken a data-driven approach to conclude that (i) deci-

sive form of movement control should be implemented, (ii) strategic

coordinated partnership with neighbouring countries or territories is

a viable strategy of containment, and (iii) early testing must be con-

ducted to identify symptomatic and asymptomatic transmitters. These

strategies are possible considerations and should be implemented in

combination to avoid the repeated wave phenomenon seen in the US.

Amain contribution from this paper is thatwehave taken a data-driven

approach to analyse the effects of these key strategies that was effec-

tive in containing and reducing the number of new cases. As the world

moves forward and prepares itself for a potential pandemic of such

scale, the lessons learnt from COVID-19, and in particular the above-

mentioned key strategies should be part of every country’s pandemic

response. When another virus of such protean nature hits us again,

we will not be caught off-guard by successive wavelets constructively

interfering to give a sustained wave. Importantly, we must not allow

future pandemics to develop into a full-blown wave, as COVID-19 has.

Such a data-driven approachwill also be useful to establish newbench-

marks in response to future crises of this nature, especially in highly

connected territories and regions across the world.
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