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COVID-19 confirmed fatalities in the United States (US) now lead the
world [1]. One reason for the pandemics rapid spread is the virus has the
ability to spread infection from asymptomatic individuals [2]. To

COVID-19 response and containment strategies
in the US, South Korea, and Iceland: Lessons
learned and future directions

counter this, we must have a better understanding of who is currently
infected and needs isolating. Mass testing, with or without symptoms,
offers a method of controlling the spread of infection and provides epi-
demiologists with valuable information about viral hot spots.

In Iceland, the focus centered on testing [3]. Iceland tested 14.8%
of their population and reports a 0.4% fatality rate [4]. The low fatal-
ity rate observed is presumably due to random screening before their
first confirmed case [3]. (Figs. 1 & 2B) Random sampling is effective
for building an infection rate picture, allowing, healthcare officials
to take action. However, major differences exist between the US,
South Korea and Iceland that makes mass testing an impracticable
solution for countries with large population densities [5-7]. Rapid
testing of ~15% of the US population is less feasible and comes at an
exponentially higher cost. Still, actions are being taken to expand
the diagnostic supplies needed to improve overall testing in the US
[8].
COVID-19 arrived to the US and South Korea on January 20th
[1,9], Korea reports a fatality rate of 2% (April 10th, 2020), compared
to 3.6% in the US [1]. The differences may be due to early testing,
starting before their first outbreak [10]. The US did not start testing
until a month after the first reported case [11,12]. The delay may
play a role in the even higher fatality rate observed in Washington
state (4.7%), as the outbreak in late February could have been de-
tected via testing [12] (Figs. 1 & 2B).

A delay in testing could be compounded by increased spread and
skyrocketing healthcare demand. New York increased their testing ca-
pacity [13]. But as the percentage of individuals testing positive con-
tinues to increase (Fig. 2A), the case-fatality rate is increasing,
suggesting that additional fatalities are persisting. This could be due in

a. The testing rate in South Korea is 992.8 tests per 100,000 population
and the Case-Fatality Rate is 2.04% as of April 11, 2020

b. The testing rate in Iceland is 9289.7 tests per 100,000 population
and the Case-Fatality Rate is 0.47% as of April 11, 2020.

¢. Comparison of the Case-Fatality Rate (left) by state and the Testing Rate per 100,000 population (right) in the United States as of April
11, 2020.

Fig. 1. Comparison of the testing rate and case-fatality rate in South Korea, Iceland, and the United States.
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A. Percentage of Patients Testing Positive for
COVID-19 and Case-Fatality Rate Across 6 States

$ $ $ $ $
$ o 8
PR ARV ARSI

m WA % Testing Positive m WA Case:Fatality Ratio mC Testing Positive

m CA Case:Fatality Ratio = MI % Tested Positive
Positive LAC

lity Ratio ~ FL

Comparison of the Percentage of Patients
Testing Positive for DVID-19 and Case-Fatality Rate in
the United States, South Kore d Iceland

United States

Iceland
United States
——— ]

Iceland

28-Feb 6-Mar 13-Mar ~ 20-Mar  27-Mar 3-Apr 10-Apr

Iceland % Testing Positive Tceland Case:Fatality Ratio

e South Korea % Testing Positive sss=South Korea Case :Fatality Ratio

US % Testing Positive UsS ality Ratio

Fig. 2. The percentage of patients testing positive for COVID-19 and case-fatality rates across all US 4 regions (A) and comparison of the percentage of patients testing positive for COVID-19

and the case-fatality rate for the US, South Korea, and Iceland.

part to the lack of hospital resources experienced by New York and
other states (Fig. 3).

The importance of testing of the asymptomatic is implicated by anal-
ysis of infections in China, the report estimated that 86% of all infections
were undocumented prior to travel restrictions on January 23rd, and re-
sponsible for half of all documented infections [14]. Additionally, the

analysis found that undocumented cases were responsible for 79% of
all cases [14].

Furthermore, it is important to retest those who tested negative
while in quarantine. In a report from the Civil Protection Department
in Iceland, 54% of patients were diagnosed with COVID-19 while they
were in quarantine, meaning they did not test positive prior to this

Comparison of Hospital Resources on April 4th, 2020 vs. April
11th, 2020
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Fig. 3. Comparison of Hospital Resources among six States. Comparison of the number of available hospital beds, hospital beds needed, number of ICU beds, amount of ICU beds needed and
number of ventilators needed on April 4™, 2020 vs. April 11", 2020 in the United States*, Washington state, California, New York, Michigan*, and Louisiana*. “Data for Hospital Resources

on April 4™, 2020 not available for United States, Michigan, and Louisiana.
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time [4]. Thus, it is important to follow up on these patients in order to
ensure they are remaining in quarantine and not venturing out and po-
tentiate the infection, re-exposure cycle.

If the immunity induced by COVID-19 infection is seasonal, rather
than permanent, it likely will enter the circulation [15]. The virus can
proliferate at any time and is likely to reemerge once social distancing
measures have ceased [15]. Attempts to control the spread come with
significant impacts on the economy. Invoking widespread testing for
surveillance has the potential to determine changes in prevalence that
warrant the start or end of distancing measures and success.

Now that the genomes of COVID-19 have been released, a molecular
assay can be manufactured for the US that can determine who is in-
fected [16]. Moreover, a potential drawback of the current Coronavirus
tests is the time it takes to receive results. If this diagnostic device
could bypass remote laboratories, many people could be tested and pro-
vide it more cost-effectively. Applying tele-medicine and GPS-enabled
functionality to this device could track the infected patient who leaves
isolation, alert people who may have been exposed. Improved early sur-
veillance testing will be significant for those who are asymptomatic and
at high risk for infection, particularly high risks groups [17-19]. In this
way, a method of continuous targeted surveillance testing and identi-
fied hot spots is obtained, to track the spread of infection, apply inter-
ventions, and offer points of interception.

Prevalence of disease can be mitigated by hospital management of
critical patients, however, it is evident the US is insufficiently resourced
to withstand this burden. If we wait until case clusters arise to mandate
distancing, the lag between these interventions and peak hospital re-
source use can lead to the regular overrunning of hospital resources,
and unnecessary preventable deaths. It is crucial that we make active ef-
forts of contact tracing, active ongoing surveillance and quarantine if we
are to prevent further mass outbreaks. Let us learn from our current ex-
periences of waiting until the pandemic is knocking at our front door to
intervene and work together to build a new future that is more than a
life spent in social distancing.
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