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Flattening the coronavirus disease (COVID-19) curve has been one of the most important
public health targets since the outbreak of the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) worldwide. In this review, we examined measures that were
key to flattening the curve in countries that have succeeded in achieving this against
other countries. The most consistent factors seen from studies were aggressive testing,
contact tracing, social distancing, quarantine measures, and innovative technology. These
factors were reported to have helped achieve drop in the number of daily new cases
reported. Countries like South Korea and Australia employed extensive testing of their
residents as a means of curbing the pandemic and limiting its spread. China and Spain
employed tracking software and artificial intelligence (Al) in ensuring that infected
individuals remained isolated for the recommended number of days and that close
contacts of positive cases were tested and quarantined as well. While efforts towards
developing a vaccine are still ongoing, and the possibility of a second wave in many
countries, we discussed pertinent public health measures and recommendations.

Coronavirus disease (COVID-19) broke out in early De-
cember 2019, in Wuhan, China. It was not until late January
of 2020 that it became a global pandemic, spreading across
neighboring countries and beyond.! For all the infected
countries, the goal of containing the virus was to be
achieved by flattening the “curve”, which simply meant at-
taining fewer new cases than the previous day.? Flattening
the curve became imminent to curtail the spread of the
virus so as to reduce the burden on the healthcare system,
allowing for better treatment and performance of health-
care workers.>

A flattened curve is reflected in the basic reproductive
number, known as RO. This represents the number of cases
that arise from an index case. An epidemic threshold is
reached when RO exceeds one. When RO is less than 1 it
means one infectious case infects less than one person and
the epidemic cannot be sustained. Public health measures
like social distancing, travel ban, and vaccination will lead
to a reduction in RO to less than one, manifesting as a flat-
tened curve.*

Unlike China, subsequent countries had the advantage
of time to formulate strategies to combat this virus. Some
countries were proactive in early implementation of these
new strategies such as; travel restrictions, social distancing,
school closures, public education, lockdown measures, in-
creased screenings, contact testing and tracking, etc. This
early implementation paid off as they were quickly able to
contain the virus, thereby attaining a flattened curve early.

Other countries that were not as prepared were caught off-
guard and lagged with their response to the COVID-19 pan-
demic.> This unpreparedness was also made evident by the
increased incidence of cases and morbidity of infected pa-
tients in these countries. We highlight these measures that
were key to flattening the curve from countries that have
succeeded in controlling the COVID-19 pandemic.

AGGRESSIVE TESTING

Aggressive testing has been shown to be beneficial in coun-
tries, which have flattened their curves successfully. In
these countries, testing was widespread, involving both
symptomatic and asymptomatic people. An example is
South Korea, which was very creative with its testing meth-
ods. South Korea is one of two countries with initial large
outbreaks that managed to flatten its curve in record time.6
It rapidly conducted an estimated 15,000 tests per day in
the first couple of weeks following the spread of the virus
within its borders. It is also one of the pioneer countries
to introduce ‘drive-thru’ clinics and ‘K — walk- thru’ ser-
vices. Through these methods, samples are collected quick-
ly, safely and the risk of transmission among health workers
was markedly reduced.’” In the drive-through testing, the
testee stays inside their car throughout the testing process,
and samples are collected through the car window. There is
minimal contact between the testee and health care person-
nel and no need for an extra isolation room. Walkthrough
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testing is performed using the negative pressure booth or
the positive pressure booth. The difference between the two
depends on the position of the tester relative to the testee.
In the negative pressure booth, the testee stays inside the
disinfected booth but this scenario is reversed when using
the positive pressure booth. Contamination of the booth is
prevented in the positive pressure booth, as well as the need
to constantly disinfect after every test is done.8 South Korea
has conducted 885,120 tests as of 30 May, 2020, bringing it
to approximately 17,000 tests per million of its population.
This made South Korea flatten its curve without resulting in
extreme lockdown measures that most other countries had
to result to.10

Australia is another country that carried out aggressive
testing of its population during the COVID-19 pandemic.
In the beginning, only those who had returned from over-
seas or been in contact with COVID-19 cases were tested.
Subsequently, testing expanded to include health workers,
aged care workers, those in prison, and those with symp-
toms or in hot spots. Right now, testing has been made to
include even the asymptomatic cases with the aim of recog-
nizing and isolating them on time to limit spread.!! As of
May 302020, they had done over 1.4million tests!2 bring-
ing it to almost 58,000 tests per million population. When
compared with other countries like Brazil who have carried
out about 740,000 COVID-19 tests!3 and bringing it to on-
ly about 3000 tests per million population, we can deduce
that extensive testing amongst not just symptomatic and
exposed persons, but also testing asymptomatic people will
invariably reduce the spread of the virus.

EARLY RESTRICTION

Infection by the severe acute respiratory syndrome coron-
avirus 2 (SARS COV-2) is mainly spread by the movement
of persons. Unfortunately, the world being a global village
with ease of travel across continents, only fostered the
spread of this pandemic. Countries that were prompt in tak-
ing action by placing travel restrictions and strict quaran-
tine and lockdown measures have had an edge in the suc-
cessful containment of the virus.> New Zealand and Aus-
tralia were at the forefront in taking such measures.

New Zealand has been praised by the world for being
quick to act. Prime Minister Jacinda Arden was quick to
close its borders on February 3,2020 and implement a na-
tionwide lockdown by March 19,2020, with just 102 cases
and barely a month after the first case in the country. New
Zealand carried out an elimination strategy, one not fea-
sible by most countries. A decision they were confident
enough to implement due to an early action against the
pandemic. A multilevel COVID-19 alert system was activat-
ed on March 21,2020 with an initial level 2 and elevated
to a level 3 (movement restriction) on March 23,2020. This
metamorphosed into a strict lockdown by March 25,2020,
the most stringent by far when compared to other nations
dealing with the initial clusters of COVID-19. This was in
place for a month and on 28 April, 2020, New Zealand re-
verted to level three, declaring an early victory over the
virus.14 As a result of this elimination strategy, New
Zealand has consistently had single-digit cases, often hav-
ing no case per day, successfully curbing viral propagation

and momentum.!> Countries like the United States only
implemented extensive travel restrictions late around mid
March 2020.16 Although there was some semblance of ran-
dom screening at the airports with temperature checks, pri-
or to this, strict quarantine measures for all passengers who
arrived were not instituted.1%18

Similarly, Thailand was prompt with its measures to curb
the importation of the disease at its borders. Screening for
COVID-19 at Thai international airports began on Jan 3.
This was before most countries began screening and this
singular action may have resulted in a vast reduction of im-
ported cases. Even though Thailand did not issue a total
ban on all travel into Thailand until early April 2020, the
Thai airport Authority was quick to implement compulsory
quarantine without exceptions for anyone traveling into the
country. Travelers also had to show a travel certificate of
wellness, gotten not later than 72 hours before boarding.
There was a designated location for quarantine which held
travelers for 14 days before being allowed to the communi-
ty.19

Unlike New Zealand and Thailand, Sweden used an un-
conventional approach to containing the virus spread. Un-
like other neighboring Scandinavian and European nations,
Sweden did not enforce strict lockdown due to the fear of
economic downturn due to the pandemic.20 Early in March,
while other countries enacted full restrictions to move-
ments, Sweden’s restrictions were only limited to the gath-
ering of more than 550 people and some schools. Play-
grounds, stores, offices, restaurants, pubs, and most schools
were permitted to operate by the government, and citizens
were encouraged to social distance voluntarily. This relaxed
restriction policy by the government of Sweden resulted
in a higher death rate per million people, 40% more than
the United States (with the highest number of death) and
at least 600% more than any of the neighboring Scandina-
vian nations that enforced early and stricter measures.2!
Sweden’s late and unorthodox lockdown measures led to
a longer time to achieve a flattened COVID-19 curve com-
pared to countries like Denmark that were quick to enact
strict measures and able to flatten the curve in under four
weeks.22 Similarly, a study reported that countries that ini-
tiated early lockdown (e.g., New Zealand, Hungary) fared
much better than those that began lockdown after a high
infection rate (e.g. Spain, Italy). A good measure of an ef-
fective early restriction is, therefore, reduction in the rates
of infection and death four weeks post-baseline infection as
evidenced from various countries.23

CONTACT TRACING

Contact tracing in public health involves locating persons
with possible exposure to an infection and gathering in-
formation about other possible exposures stemming from
the index case. In an extremely contagious disease like
COVID-19, this mostly involves an extensive and resource-
intensive search of all exposures irrespective of the pres-
ence or absence of symptomatology.24

For instance, Thailand carried out an extensive tracing of
contacts. This was feasible due to a robust grassroots volun-
teer system of about 1 million individuals in strength that
was mobilized to investigate, track, and notify contacts of
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Figure 1: Total confirmed COVID-19 cases, Jan 21 - May 30, 2020

Source: Routley.18

their potential exposure and the need to go into quarantine.
This process often involved a “knock on the door” approach
to actively find cases, a system that was highly effective and
lauded by the World Health Organization (WHO).25

On the other hand, South Korea took a different route
from Thailand in contact tracing. They employed the use of
digital technology to control the spread by using global po-
sitioning system (GPS), tracking the use of credit cards, and
checking closed-circuit television (CCTV) footage. The use
of these sophisticated technologies enabled effective con-
tact tracing to restrict the propagation of the virus. They
also used a special application to access information about
the total number of infected persons, areas involved, specif-
ic places positive patients had visited, and the contact his-
tory of such patients. This application gave an alert if one
was within 10 KM of an infected COVID-19 patient, thus en-
suring adequate social distancing and preventing potential
exposure.”

It is noteworthy that contact tracing, though an effective
measure in controlling infection rate of the COVID-19 pan-
demic, may be a difficult feat in low and middle-income
countries. As stated earlier, contact tracing requires the use
of sophisticated technologies and it is usually effectively
done by health workers. Countries with poor resources lack
an efficient healthcare system, lack enough health person-
nel, are unable to deploy technological tools to trace con-
tacts of a known case, and are closely-knitted. Thus, infec-
tion rates may go uncontrolled rapidly. The Indian govern-
ment, for instance, launched and mandated the use of ‘Aar-
ogya Setu’, a contact tracing app in early April to combat
the spread of the infection. However, uptake of the app by
residents was barely more than 10% since its launch and
the country continues to experience a steady surge in the

number of case.26 With an increasing number of cases, con-
tact tracing becomes more difficult in India’s densely popu-
lated cities. Like many other low and middle-income coun-
tries, India is yet to achieve a decline in the number of new
cases.2” When contact tracing is done effectively, the attack
rate of COVID-19 is expected to decline drastically. For ex-
ample, a UK study found transmissibility of the virus to be
reduced by 64% with manual tracing and 66% with the addi-
tion of app-based tracing.28 Reduction in attack rate helps
to quickly flatten the curve of infectious diseases.

TECHNOLOGY

Technological innovations and advancement have proven to
be important in public health and invariably in the fight in
the ongoing COVID-19 pandemic. A key component to its
success is the fact that less manpower is needed, therefore,
overcoming the limitations of recruiting an infinite number
of persons for tasks like contact tracing.2? Recent innova-
tions like artificial intelligence (AI) which have been gain-
ing a lot of momentum in recent years has helped to fast
track the development of vaccines. It is also used to pre-
dict the best public health approach to diseases and helps
in passing scientific information to the general public.30 For
instance, on December 31, 2019, a Canadian Al driven al-
gorithm platform called blue dot beat the American Cen-
ters for Disease Control and Prevention (CDC) and the WHO
in announcing the outbreak of a strange pneumonia-like
illness originating in Wuhan to its users. It took another
one week for the CDC and WHO to inform the World.3!
Another innovation is The Surveillance Outbreak Response
Management and Analysis System (SORMAS), which was
developed by German and Nigerian public health research

Journal of Global Health Reports 3


https://www.joghr.org/article/14151-covid-19-flattening-the-curve-recommendations-towards-control-and-managing-a-second-wave/attachment/38763.png

COVID-19, flattening the curve: recommendations towards control and managing a second wave

institutions in conjunction with an international software
company called Helmholtz Centre for Infection Research
(HZI). They created an epidemiological tool that was ini-
tially developed for the Ebola outbreak but is now being
used for COVID-19 across multiple countries. It provides re-
al-time surveillance data that enables contact tracing, con-
tainment, and public health management of COVID-19 cas-
es.32 Likewise, Singapore officially adopted a contact trac-
ing app called “TraceTogether”, which was made compulso-
ry for its residents. The app uses Bluetooth technology to
identify close contacts of patients who have been diagnosed
with COVID-19.33

South Korea, which has been relatively successful so far
in its battle against COVID-19, employed the use of Al to
curb the transmission of the disease. As many as 9 in 10
South Koreans get alerts when they are close to a confirmed
case.3! This was done using the “COVID-19 Smart Manage-
ment System”, an upgrade of a similar app used to fight
the dreadful Middle Eastern Respiratory Syndrome(MERS)
in 2015.33 In China, an Al algorithm claimed it could detect
suspected cases in 20secs, about 45times faster than human
detection, with 96 percent accuracy. Robots were used in
Guangdong and Hubei provinces to deliver medications and
necessities to in-patients or quarantined communities, ef-
fectively limiting direct contact and spread of the virus.3!

Furthermore, teams of about 100 Spanish scientists are
currently designing a software application that will utilize
Al and Blockchain technology to make pandemic related
projections and assist country-wide restriction measures.
Blockchain technology would be used for the storage of dig-
ital identities and to assign certifications that would grant
certain freedoms such as the clearance to go to work or a
grocery store. Similarly, Al would use data from multiple
sources including the news, journals, and healthcare collab-
orators to device predictive algorithms that can provide in-
sights on the spread of the virus. This information would
then be shared with healthcare professionals and the gov-
ernment. Many companies are already using Blockchain
technology in the fight against COVID-19. A prime example
is PricewaterhouseCoopers (PwC) which has launched a
masterpiece that allows real-time access to COVID-19 test
results. A Canadian startup, Emerge, is launching a soft-
ware called Civitas, to help local authorities around the
world manage stay-at-home orders.34

PUBLIC HEALTH EDUCATION AND TRAINING

Health education is a key strategy to limit the spread of dis-
eases and South Korea has been very aggressive and open in
educating its masses about the COVID-19 pandemic. To ed-
ucate and inform the people the government put up posters
containing information on preventing transmission of the
virus in public places. It released press statements period-
ically on television and the website of the Korean Center
for Disease Control.” Education also involves regular train-
ing of high-risk groups such as healthcare workers (HCWs).
Optimal PPE preparedness is key to preventing infections
among HCWs, it involves following strict PPE guidelines,
regular training of HCWs, and appropriate response on
transportation and admission of suspected cases. Although
training on PPE usage, donning/doffing has been carried

out in intensive care units (ICUs) worldwide, coaching for
other aerosol-generating activities, such as tracheostomy
procedures, non-invasive ventilation, sputum suctioning,
etcetera, has been inconsistent. New Zealand was unrivaled
in regular training for aerosol-generating activities. This
reduced the spread of COVID-19 infections among HCWs
compared to that seen in other countries and hence con-
tributed to overall safety in the country.35

HEALTHCARE

The COVID-19 pandemic has revealed that most developed
countries are struggling with their health care system. Res-
piratory failure is the leading cause of death from
COVID-19, therefore, poor capacity to ventilate patients in-
creases the case fatality rates.3¢ Countries like Germany
have a robust healthcare system that contributed to its suc-
cess in controlling the COVID-19 pandemic. Germany in-
vests more on healthcare per capita than most other Eu-
ropean countries.3” According to World Bank reports, it
spends $4714.26 per person each year.38 It is said to have
the second most critical-care beds per capita in Europe.
Germany has 621 beds per 100,000 people compared to Italy
and Spain with 275 and 293 beds per 100,000 people respec-
tively.3? Germany’s success in flattening its COVID-19 curve
is mainly credited to carrying out large numbers of testing
and its investment in its health care system. South Korea,
another country with an extensive healthcare system, is al-
so one of the frontline countries to have successfully flat-
tened its curve earlier on. South Korea’s success is attrib-
uted to its experience with MERS in 2015. As a result, the
country already had a sophisticated health system in place.6
New Zealand also had an already existing strategy for res-
piratory infectious diseases as a result of influenza, there-
fore it was relatively easy to improve on this already exist-
ing strategy and implement it for COVID-19 elimination.40

Despite a high ranking in the healthcare system among
European nations, Sweden suffered a huge blow to its
health outcomes from the COVID19 pandemic. It was para-
doxical to record the highest death rate per capita (36 per
100, 000 people) in Europe in a country that boasts of strong
public healthcare systems and low levels of health inequal-
ity.41 However, the country also approached the predicted
health outcome of an increase in ICU bed requirement by 40
folds differently. Firstly, the public health department man-
dated voluntary self-isolation for symptomatic individuals
and hospital admission limited to those with severe symp-
toms which reduced the ICU beds by five-folds. Second-
ly, the country doubled the number of available ICU beds.
Thirdly, elderly patients with poor prognosis were not ad-
mitted to the ICU thereby reducing ICU load but potentially
increasing death rates.42 Overall, the outcome measure of
the effectiveness of a country’s healthcare system in han-
dling the pandemic is the mortality and morbidity rates re-
ported.

GOVERNMENT POLICIES

Government policies are also helpful in controlling the pan-
demic. The New Zealand Government, to support its cit-
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izens and permanent residents during the unprecedented
strict restriction, established a wage subsidy scheme that
was made available for 3 months. Through this plan, resi-
dents who worked more than 20 hours in a week received
585.80 New Zealand dollars (US $376.41) in compensation
while those who typically worked for less than 20 hours
got 350 dollars(US$224.89) per week.#3 This aided compli-
ance to the lockdown and its overall success, as more res-
idents had some degree of financial stability and under-
stood the solemnity of the pandemic response. Also, the
transparency of New Zealand’s government imbued a level
of “togetherness” against the virus not seen in most coun-
tries such that the ruling party engaged opposition party
leaders, charging them with leading an epidemic response
committee in which the meetings were streamed live. Deci-
sions were made in collaboration with several stakeholders
including business groups, scientific organizations, lead-
ers, and health experts thus resulting in a sense of cama-
raderie.#4 The Thai government from a policy standpoint is-
sued price controls and actively monitored essential protec-
tive equipment like face masks and hand sanitizer gels en-
suring their availability to the general public and regular
usage.!3

Furthermore, the Chinese government extended the lu-
nar New Year holiday to enable people to remain on lock-
down. Residents of Hubei province who had already traveled
elsewhere to celebrate the New Year before the ban on Janu-
ary 23, were traced and kept under compulsory quarantine.
Family members and contacts were all tested and moni-
tored for symptoms.4>

Finally, while most countries had put their residents in
fear, likening the pandemic to war and battle, New Zealand
has preached unity and calmness. Language was an impor-
tant part of their strategy. They carefully explained what
elimination meant in epidemiological terms. That it meant
bringing the cases to zero or near zero and not necessarily
the total absence of the disease.6

RECOMMENDATIONS

Countries are advised to invest widely and be creative in
their testing strategies like South Korea did with its walk-
through and drive through testing booths. The importance
of testing cannot be overemphasized in the management of
a pandemic. Through extensive testing, especially if done
early enough, more cases of the disease would be detected
thereby limiting the spread of the virus. Testing should be
carried out for both symptomatic and asymptomatic people
as early as possible.

The use of technology is a promising area in public
health as it seems to yield good results even though we have
only just scratched the surface. If big technology and IT
companies would pull resources to devise means to battle
public health emergencies in the future, the world would
be more prepared. We also encourage countries to invest
in technology as it relates to public health. Al has shown
its relevance in gathering much more data than we humans
can, with the advantage of overcoming observer bias and re-
mote operation. Digital health is invaluable in disease sur-
veillance, screening, and monitoring of patients. Over 3 bil-
lion people, about 50 percent of the world’s population,

have smart phones. A highly untapped means of contact
tracing, effecting social distancing, and health education,
among other public health measures to curb a pandemic.
However, there needs to be harmonization of all these inter-
ventions to enable a standard and effective means of fight-
ing the pandemic.

Investing in the healthcare system clearly shows an ad-
vantage in battling the COVID-19 pandemic. Countries that
invested more in their healthcare system experienced better
outcomes compared to countries that were not as prepared.
Specific emphasis should be placed on critical care beds,
ICU training, and specific details on tackling aerosol-gen-
erating activities. A healthy healthcare workforce would in-
crease the chances of successfully fighting the pandemic.

Well-targeted government policies are key to fighting the
pandemic. Controlling the price of PPEs, ensuring the avail-
ability of ventilators in an organized manner to areas with
the hardest hit, transparency by the government on the dis-
ease burden and progress with interventions, and above all
preaching togetherness, not fear could foster a collective
approach to fighting the pandemic and its overall success.

CONCLUSIONS

Although we cannot categorically say any measure is supe-
rior to the other, countries who have successfully combined
multiple measures promptly, have recorded a relatively mild
outbreak than countries who did not. All through history,
pandemics have been recorded, for example, the bubonic
plague and Spanish flu which killed millions of people in the
14th and early 20th century respectively.#” With the sec-
ond wave of COVID-19 pandemic speculated for later this
year, it is therefore imperative to be prepared to combat this
worldwide nightmare which has caused thousands of lives
and crippled the economy.
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