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Abstract

The coronavirus pandemic is the biggest in the past 100 years, affected over 200 countries and killed over 300 thousand people. To better
understand the epidemics in different areas, the progress percentage was generated in this study by dividing everyday total confirmed case
number by the up-to-date total case number, so data obtained from different countries and territories can be put together and compared directly
regardless of the large difference in the magnitude of numbers. The global outbreak data were analyzed and categorized into 4 groups based
on different epidemic curve stages. The grouping pattern suggests that the geographical position may not play a critical role in the progress of
COVID-19 epidemic. In this report, we also used a mathematic model to predict the progress of COVID-19 outbreak in UK, USA and Canada
in Group 3, providing valuable information for assessing the risk in these countries and the timing of reopening business.
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Global glance of pandemic
The coronavirus pandemic has infected and killed
more people than any epidemic disease globally in the
past 100 years. The World Health Organization (WHO)
declared the COVID-19 outbreak a global public health
emergency in late January and defined it a pandemic in
March 2020. The disease has spread to 215 countries,
territories and international conveyances around the
world, infected 5.73 million people, and caused 361
thousand death by 26 May 2020. Centers for Disease
Control and Prevention (CDCs), emergency agencies,
and research scientists have swarmed to studies on
epidemic data analysis[1,2], virus property
characterization [3], disease pathology [4], trend
projection [5], comparisons with previous pandemics
[6] and the current pandemic in different coutries [7] as
well as necessary policies that help to stop the current
pandemic and to prevent future outbreaks [6,8,9].
This study collected total confirmed case number
by 26 May 2020 from countries that currently rank Top
20 or ever ranked Top 10 in the past and plotted against
time. First, the total confirmed cases in individual
countries were plotted (Figure 1A). USA has the largest
total confirmed case number and accounts for almost

one third of the global number. Since its total case
number is much bigger than the other countries’ and
dwarfs their curves overwhelmingly, it is difficult to
make a direct comparison between all selected
countries. Thus, the selected countries excluding USA
were plotted (Figure 1B) for better comparison.
Different stages of epidemic
To better compare the global epidemic curves, the
progress percentage of each country or territory was
generated in this study by dividing everyday total
confirmed case number by the up-to-date total case
number (shown in Figure S1-S4), so data from different
countries can be compared directly regardless of the
large difference in the magnitude of numbers (shown in
Figure 2).
If we look at an epidemic curve, an epidemic in an
area can be divided into 4 stages based on the increase
of total confirmed cases: Stage 1, sporadic cases or
limited local transmission, creating undulating curve;
Stage 2, substantial local transmission, featuring a
takeoff of the curve; Stage 3, emerging of large number
of new cases, causing an exponential increase; Stage 4,
fewer new cases reported than peak, leading to
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flattening of the curve till the end of the epidemic. By
using the progress in percentage plot, it is easy to
compare the stages of different countries and
categorized them into 4 groups based on different
stages. Group1, including China, S. Korea, Italy,
France, Germany, Switzerland, Austria, and Norway,
are in the latter half of Stage 4 (Figure 3A). Group 2,
including Spain, Turkey, Belgium, Netherlands, Japan,
and Denmark, have successfully passed the peak and
entered Stage 4 (Figure 3B). Group 3, including USA,
UK, Iran, Canada, Ecuador, Sweden, and Singapore,
are developing new cases steadily. Although some of
them have primitive evidence showing that the peak has
been reached, further observation is needed to confirm
the transition (Figure 3C). It is worth noticing that Iran
was in Group 2 before 23 April 2020, but recently
moved to Group 3 due to the second outbreak, about 2
weeks after gradual reopening of business since 11
April 2020. The timing of the second outbreak strongly
suggests a causal relation rather than simply a
coincidence. Group 4, including Brazil, Russia, India,
Peru, Chile, Saudi Arabia, Mexico, Pakistan, Qatar, and
South Africa, are still in Stage 3 and haven’t shown any
evidence of approaching the peak yet. (Figure 3D).
Figure 1. Total confirmed cases in selected countries.
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Figure 2. The progress percentage in selected countries.

The grouping has revealed some interesting facts.
In east Asia, Japan (in Group 2) has shown totally
different epidemic progression despite the close
geographic distance to China and S. Korea in Group 1.
European countries are mostly included in Group 2,
however, UK and Sweden are in Group 3. In Group 3,
UK, USA, and Canada have shown almost identical
trends despite that UK is geographically separated from
the other two by Atlantic Ocean. All BRIC (Brazil,
Russia, India and China) countries except China are in
Group 4 and show similar epidemic trends. These facts
suggest that the geographical position may not play a
critical role in the epidemic progression in an area. The
curves of UK, USA and Canada are almost identical at
the beginning, possibly due to frequent travels. But after
these countries have tightened their borders, their
curves still resemble each other (Figure 3C), suggesting
that similar cultural background, including the public
response to social distance policy, as well as the
position in global economy, or even the form of
government may also contribute a lot to the progression
of the epidemic in an area.
It is safe to say that the outbreak is under well
control in Group 1 countries, and wouldn’t post a big
threat to Group 2 countries provided that protective
measures are taken. For countries in Group 4, it is too
early to make any predictions at this moment. But some
Group 3 countries, such as USA, UK and Canada, are
approaching the intersection of accelerating again or
slowing down and passing the peak. Naturally, many
people would be eager to know the projections in these
countries, due to their critical importance in the global
economy and personal attachment.

(A) with USA and (B) without USA.
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Projections of the disease in USA, UK and
Canada
This study used a mathematical model to simulate
the epidemic progression in USA, UK and Canada. We
took China’s curve as a reference (Figure 4). On 12
February 2020, China CDC published a new version of
diagnostic standard, which caused a dramatic increase
in the daily new case number, and affected the numbers
of the following few days. It is obvious that except for
this sharp peak, the decline of daily new cases after the
peak which had been reached around 4 Feburary 2020
corresponds to a nearly straight line with relatively big
negative slope, y = 3874.6 – 164.56x (R2 = 0.9239)
where x is the number of days after 3 February 2020.
The decline of daily new cases would oscillate along
this line until a bottom is reached, which indicates the
end of the epidemic. After the bottom was reached in
March, there were occasional oscillation mainly caused
by imported new cases with sporadic domestic new
cases.
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Figure 4. The trend of pandemic in China.

Figure 3. The progress percentage in selected countries in groups.

Group selected countries based on stages: (A) Group 1, Close to the end, (B) Group 2, Over the peak, (C) Group 3, Steady growth, (D)
Group 4, Accelerating.
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Due to its simplicity and accuracy, we applied this
linear fit model to the data obtained from USA, UK and
Canada, and we found that after 15 April 2020, the
trends of these countries started to show that the peak
has been reached. We proposed that without further
outbreak the decline of daily new cases in these
countries would oscillate along a straight line and
eventurally reaches the bottom like the trend observed
months ago in China. The linear trends are y = 31877 –
271.94x (R2 = 0.4326) for USA, y = 5349.5 – 69.212x
(R2 = 0.571) for UK, and y = 1867.2 – 21.241x (R2 =
0.7287) for Canada, where x is the number of days after
15 April 2020 (red lines in Figure 5).
Without further outbreak, these trends predict that
the epidemic will end on 10 August 2020 in USA, on 1
July 2020 in UK and on 12 July 2020 in Canada, which
are 117, 77, and 88 days after 15 April 2020,
respectively. The total cases will be 2.50 million for
USA, 303 thousand for UK and 110 thousand for
Canada, which suggest 780, 37, and 23 thousand more
confirmed cases from the total cases on 26 May 2020,
respectively. As mentioned earlier, Iran provides a bad
example, showing that premature reopening may
trigger a second outbreak. Hence, policy makers need
to take extra caution when assessing the risk of outbreak
again in the country and the timing of reopening
business. If reopening business is inevitable, protective
measurements such as mask wearing, hand washing,
frequent ventilation and disinfection, as well as
universal test are essential to prevent any further
outbreak.

also used a simple but accurate mathematical model to
project the epidemic progression in USA, UK and
Canada, providing valuable information for assessing
the risk of outbreak and the timing of reopening
business.
After the original manuscipt was submitted, due to
the unexpected incidents and the premature reoponing
business, there was a second outbreak starting from
mid-June in USA. Detailed discussion of this outbreak
is included in the supporting information.(Figure S5)
Some other countries developed second outbreak as
well but the same model can be applied.

Summary
This study is the first to use progress percentage to
plot epidemic curve and enables direct comparison of
data regardless of the large difference in the magnitude
of numbers. Side-by-side comparison of global
epidemic curves make it possible to group the countries
at similar stage and compare the impact of control
measurements on the epidemic progression. This study
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