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Abstract
In view of the fact that the 2019-nCoV has spread to most countries in the world, it is necessary to make
scienti�c and well-founded predictions of the current pandemic situation caused by the virus worldwide,
which are conducive to public, social and government responses that mitigate and appropriately address
the pandemic. We collected data from provinces with more than 200 cases in China and from eight other
countries. Our analyses showed that the disease duration has no correlation with the number of patients,
with r = 0.184. The number of deaths was not correlated to the disease duration, with r = 0.242. However,
a positive correlation between the days of disease duration and infection rate, with a r = 0.626.
Furthermore, there is a strong positive correlation between the disease duration and total death rate, with
a r = 0.707. Using death rate of �rst 25 days, we obtained a positive relationship with a r value of 0.597.
Based on the data from �rst 25 days, the minimum and maximum days of COVID-19 pandemic duration
of eight countries was estimated between days of 37 and 114 days.

Background
At present, a new round of disease caused by the new coronavirus has spread throughout the world [1].
When new cases and new deaths are announced each day, people in many countries are asking if this
wave of the disease will occur in their country [2, 3]. If it does occur in their country, they are asking on
what scale it will occur and they are worried about how to deal with the disease. Even leaders of many
countries have spoken in succession on the occurrence and development of the disease and the response
strategies adopted. How to evaluate the trend of the outbreak and development of this round of disease
in a certain region and country, how to evaluate whether a certain area or a country has been effective in
preventing and controlling this round of disease, and whether it can suppress the large-scale infection of
the disease crowd are critical areas to address. The publicly reported data on this period of the disease
may give us some hints.

Currently, there are two major categories of publicly reported data. The �rst is China's data, including
national and provincial data. This batch of data is reported on a daily basis and includes the number of
people affected and the number of deaths [4, 5]. The other is reporting from other countries in the world
and includes daily reports of new outbreaks and deaths [6]. Comparing the two types of data, China's
data now seems to be more comprehensive and complete. The China's data also covers a longer period
of time. So, the question is, what information, insights, and inspiration can be gain from the data reported
in China? What valuable hints and references can these data provide to other countries in the world in
response to this pandemic? Our study attempts to assess the situation of other countries in the world in
response to the disease and to predict the future development (consider using the word, developmental
instead of development) trend based on the data that China has published up to this point.

We begin with the data of morbidity and mortality, to explain what different morbidity and mortality rates
mean [7]. At present, data both from the reports of different provinces and cities in China and the reports
from different countries in the world indicated that infection and lethal rates vary considerably in different
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places. Does this mean that changes in the virus itself have caused different infectivity and mortality
rates or something else? Our research team believes that the differences in infection rates and lethality in
different places are not due to changes in the virus, but to differences in the detection and follow-up of
patient groups, statistics, and surveys of infected persons. This information can be used as a scoring
standard for the work of a certain region or a country on the prevention and control of this disease.

Methods
Data collection from different regions and countries

We collected data on COVID-19 patients in China from o�cial and publicly available  websites.  Table 1
listed the web pages of data collection from a variety of regions and cities of China (Supplemental Table
1). 

Data from Japan is from  https://newsdigest.jp/pages/coronavirus/  The data from other countries are
collected from the website of Worldometer at https://www.worldometers.info/coronavirus/.

Calculation of initial infection rate

Since many provinces and cities in China provide information about the number of people who have been
in close contact with the carrier and the cumulative number of con�rmed cases, we are able to calculate
the infection rate of the of 2019-nCOV in a variety of places. In order to give a reasonable estimation of
the initial infection rate, we divided the average number of cases in the �rst 14 days by the number of
persons known to be close contacts to the infected persons. The reason for this is because currently the
14-day period is generally recognized as the incubation period from 2019-nCOV infection to disease
onset. In addition, the average number of days from hospitalization to death for the �rst 41 patients
reported in Wuhan was 13 days [7].  Altogether, the 14-day average infection incidence is representative of
the initial incidence generally.

The formula is:  Ir = ∑(i1~i14)/∑(t1~i14), where Ir is the initial infection rate, i1~i14 = infected person
from day 1 to day 14, and t1~t14 = total persons in close contact with the carrier or infected person.

Initial death rate estimation

Using the data collected, we have calculated the mortality rate based on the number of con�rmed
patients and the number of deaths.  Based on the previous data that the average number of days from
inpatient to death is 13 days and that the maximum days of μ + 2σ is 25 days [7], we used the average
death rate of the �rst 25 days.  The method is the direct calculation of death rate by the total number of
deaths divided by the total number of patients on the same day. Thus, Drr = ∑(d1~d25)/∑(t1~t25),
where Drr is the initial death rate, d1~d25 = number of deaths from day 1 to day 25.  T1~t25 = total
number of inpatients from day 1 to day 25. However, mortality in the other countries are calculated only
based on the number of diagnoses and deaths.

https://newsdigest.jp/pages/coronavirus/
https://www.worldometers.info/coronavirus/
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Disease patterns and ending data estimation

For the development patterns and the peak period of the COVID-19  in various provinces and cities, we
made a case distribution graph according to the number of new cases, and determined the peak date of
the pandemic in a certain area according to the peak segment of the graph.

The criteria for the end of an pandemic in a region are based on the absence of any new cases in a region
for a consecutive 14 days. Thus, if there are no new cases in a certain area for 14 consecutive days after
a certain day, then that day will be the end date of the pandemic in that area. Regions in which new cases
have not been found in more than 10 days but less than 14 days are categorized as the regions of
potential ending of COVID-19 pandemics.  In the calculation of new cases, in this regard, we exclude
special cases or outliers. These excluded cases are imported cases and outbreaks of infectious cases in
special situations, such as infections of prison populations. In our statistical method, these are not
included as new cases in the regions, such as Beijing, Guangdong, and Shanghai.

Statistical analyses

Using the data from different regions of China, we calculated the correlation between the death rate and
the infection rate. We compared the total number of close contact persons and the death rate. We then
compared the current death rate of different countries other than China. We used the standard criteria to
categorize the strength of the correlation [8]. In general, we consider the R value equal or more than 0.7 or
-0.7 as signi�cant, meaning strong positive or negative correlation. When the R value is between 0.35 and
0.69 or -0.35 and -0.69, we regard the existence of a correlation but the correlation is not strong. When R
values fell between 0 and 0.35 or 0 and -0.35, we regarded these data as no correlation. The data sets of
death rate and infection rate were analyzed by one-way ANOVA. P < 0.05 was considered statistically
signi�cant.

Results
Basic patterns and information of different regions

We collected disease information from the total country of China and 18 provincial regions up to the
March 11, 2020 (Supplemental able Table 2).  The infection rate, death rate based on PIBA, and daily
numbers of patients and deaths are calculated from 15 of these regions (Supplemental Table 3).  The
data from three regions, Guangdong, Shanghai and Sichuan were not usable for the analyses because of
missing data on the total number of persons who were in close contact with  the disease careers. In
addition, these calculations did not include the patients who came to China after they were infected
outside of China.  Based on this information, we divided these regions into four groups (Figure 1A):

1). Hubei, a single province as a group because of its large patient population and disease pandemic
situation.  The initial date of disease has been estimated at early December 2019 or earlier.  From the
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December 1, 2019 through March 11, 2020, the COVID-19 has been an pandemic in Hubei for 95 days
(Fig. 1C). More importantly, currently new patients are still identi�ed every day.

2). The three regions in which the pandemic of COVID-19 has not been ended  include Heilongjiang,
Beijing and Shandong (Fig. 1D).  

3). The four regions that the disease is potentially ending because no new patients were last found in
more than 10 days, but not yet to 14 days (Fig. 1D). 

4). There are 7 regions that in which the COVID-19 has stopped its status as an pandemic (Fig. 1F). The
peak period of disease pandemics of these four groups are similar, with a period of 3 to 4 weeks,
approximately from January 20, 2020 to the middle of February 2020 (Fig. 1C-1F). The total number of
patients from each region were logicized to its 10th [9] so that Hubei’s data can be listed together with
others.  However, because of its extreme large number of patients, its number in the analysis is over-
weighted and was not used in the correlation analysis. The correlation analysis indicated that the disease
duration has no correlation with the number of patients, with r = 0.184 and P = 1.7987E-09.  In addition,
the number of deaths was not correlated to the disease duration, with r = 0.242 and P = 7.43019E-09.

Infection rate in different groups of pandemic duration of COVID-19.

Based on the collected data, we �rst analyzed the infection rate. Due to the difference in the availability of
data in these provinces, we are counting from February 7, 2020. From this date, every province and city
posted available data that we can use to calculate the daily infection rate and mortality. Our results show
that the infection rates of these four groups are very different from each other (Fig. 2A). Hubei Province
has the highest infection rate (Fig. 2B), followed by provinces where the pandemic is continuing (Fig. 2C).
The lowest infection rates are in the groups that the pandemic has potentially ended or ended (Figure 2D-
2E). T-test showed that the infection rate of Hubei is signi�cantly different from other three groups, with P
values of 1.126E-27, 7.51E-32, 7.43E-23, to not ending, potentially ending and ended groups, respectively. 
The infection rate of the not ending group is also signi�cantly different from the potentially and ended
groups, with P values of 1.69E-31, and 8.62E-26, respectively.

Daily death rate in different disease development groups

In view of the differences in the daily infection rates among these four groups, we further observed
whether the cumulative daily mortality rate was different among these four groups. Daily mortality is
simply the number of deaths per day divided by the total number of patients. Similarly, the calculation
was started on Feb 7, 2020.

As we predicted, these four groups also have different mortality rates (Fig. 3A). Hubei has the highest
mortality rate (Fig. 3B), followed by the group that the COVID-19 pandemic has not ended yet (Fig. 3C).
The next group is likely to end in the near future (Fig. 3D). Finally, it is the group whose pandemic has
ended (Fig. 3E). The current average mortality rates for these four groups are 0.0392, 0.0178, 0.0075 and
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0.0069, respectively. The P values between Hubei and not ending, potentially ending and ended groups
are 1.733E-23, 1.61E-24, 7.77E-22, respectively.  The not ending group was also different from the
potential and ending groups, with P values of 6.73E-25 and 3.48E-25, respectively.

We noticed that the death rate in Hubei province has been dropped from 4% at the beginning to 2% at the
end of pandemic. However, the death rate of rest of the country is much lower and stable, mostly lower
than 2% (Fig. 3A). Death rate in regions with shortest pandemic period were below 1%.

Initial infection and death rate in different groups

We next compared the infection and death rate of different groups at the beginning of the COVID-19
pandemic.  Based on the PIBA method, the maximum days of a patient from inpatients to the death μ +
2σ is 25 days.  We therefore used the data from 25 days at the beginning to calculate the initial infection
and death rate in different groups. We used the average death rate of the �rst 25 days.  Thus, Dir =
∑(d1~d25)/∑(t1~t25), where Dir is the initial death rate, d1~d25 = number of deaths from day 1 to day
25.  T1~t25, total number of inpatients from day 1 to day 25.

Our analysis indicated that the initial infection and death rate in Wuhan and the group of not ending of
disease are higher than that of other two groups (Figure 4).  These data con�rm the analysis on the
infection and death rate of different groups in which the Wuhan and not ended groups have higher
infection and death rates when the potentially ended and ended groups.

Prediction of disease development in different countries.

Based on the differences in infection rate and death rate of different groups, we further investigated the
relationship between the days of disease durations and the infection and death rates (Figure 5). Our
analysis showed that there is a positive correlation between the days of disease duration and infection
rate, with a R = 0.626 (Fig. 5A). Furthermore, there is a strong positive correlation between the disease
duration and total death rate, with a R = 0.707 (Fig. 5B).  These data together with the data above clearly
demonstrate that the high infection rate and death rate predict a long pandemic period of COVID-19.
 However, we realize that, due to the differences in sizes of tested populations and availability and
variations in the testing technologies, the mathematic equation for the relationship between infection rate
and pandemic duration from China may not be equivalent to other countries.

As to the relation between the death rate and pandemic duration, it may be possible to apply this
approach to other countries or regions, not only because of their strong correlation, but also because of
the similar criteria and credibility of the death rate among different countries. Accordingly, we attempted
to predict the pandemic durations of some countries using their death rates. As the pandemic of disease
of COVID-19 is still ongoing in many countries, we question whether the initial data of death rate can be a
predictor for the pandemic duration. As mentioned above, based on PIBA method we collected the death
rate of (μ + 2σ) 25 days of these regions in China and examined the relationship between the death rate
and pandemic duration. We obtained a positive relationship with a R value of 0.597. A line regress(?)
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formula is obtained from their data (Fig. 5C).  We then obtained the death rate of �rst 25 days of 8
countries.  We calculated the pandemic days of these countries using the regression formula (Fig. 5D).
Because China took an extreme measure on the social isolation, while many other countries used the soft
measure of social distance, we assume there could be a longer time of pandemic period in other
countries. Therefore, we also provide secondary days which are derived by using calculated days to
multiple 1.5, as the potential maximum days of pandemic duration.  Our calculation suggested that the
pandemic days of these countries ranges from 37 to 76 days (Fig. 5D) based on direct calculation and
from 56 to 114 days based on the multiplication of 1.5.   

Discussion
First, our results show that the high early mortality rate is directly related to the long duration of the
CONID-19 pandemic, that is, the higher the mortality rate, the longer the pandemic time. The number of
days of appearances of new cases are more in places with high mortality than in areas with low
mortality. In places where mortality rates are low at the beginning of the pandemic, the outbreak develops
slowly and ends early. New cases start out less frequently in places with lower mortality rates. This result
seems to suggest that where the early mortality rate is high, because the actual total number of cases is
not completely counted. In other words, some patients are not counted into the total number of patients in
places with high mortality rate. This study indicates that as the number of transmissions of 2019nCOV
increases among the human population, its lethality will gradually decrease. Certainly, the reasons are not
necessarily all because of their reduced toxicity. There may also be improvements in treatments and
implementation of early detection methods. Therefore, a real time estimation of death rate using patient
information such as the PIBA method would contribute to awareness on the part of the public and society
[7]. That is to say, a relatively large number of patients have not been found in places with a relatively
high initial mortality rate, and this group of people has not been diagnosed and observed early. These
people continue to be out of sight of the government and the public. As a result, the disease continues to
spread.

Secondly, the positive correlation between mortality and disease development has also been
accompanied by a positive correlation between high transmission rates and disease development. In
areas with a high initial transmission rate, the number of patients with disease onset increases rapidly
and on a larger scale. However, in areas with low infection rates, the number of patients with late onset
increases slowly and is relatively small. Similar to the case of mortality, the so-called high initial infection
rate may be due to the fact that these monitored populations are basically those who are clearly at risk of
becoming ill. Those who did not have a clear initial infection, and who did not have a clear possibility of
developing the disease, were not included in the initial test population. However, in the place where the
initial infection rate is relatively low, the development of the pandemic disease is slower, and the end is
faster. This result basically explains the same situation as the result of mortality. That is, the level of
infection, in fact, is about the same in different places. In the initial statistics, it was shown that infectious
places did not actually include all infected people. That is to say, there is a large number of people who
have had close contact with the source of the disease, but they have not been included in the surveillance
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population. This has also caused individual cases to continue to spread and cause the disease in these
areas to continue to develop. The situation is more serious, and the pandemic end date is very late.

From the above-mentioned mortality and situation in different parts of China, we have evaluated the
development of COVID-19 pandemics in different countries. According to the reported situation of the
virus in different regions of China, there is currently no reason to believe that mutations in viruses in
countries with relatively high lethality have caused increased toxicity. In other words, at present, in
countries that report relatively high mortality rates, the real situation is that these countries have not
counted the number of all patients with COVID-19, or they have not detected all infected people. Because
there are a signi�cant number of patients in these countries with minor infections are asymptomatic, or
are not isolated and monitored or under controlled, development of disease in these countries will
continue. While the disease currently reported in countries that have a relatively low rate of death, we
believe that the development of the disease in these countries has been basically under controlled,
because most of infected people or infection source, if not all, have been identi�ed and have been
stopped from continue infecting other people.

Due to the back and forth revision and correction of the data as announced by the o�cial sources, we are
not certain that all the data are error-free; however, we feel that these data as a whole are reliable. The
estimation of the days of disease duration is based on the fact that countries have taken measures of
social distancing and wearing personal protection equipment. If these measures are stopped early when
the disease is still spreading, the COVID may continue its pandemic for a very long period of time.

Conclusions
In summary, places beginning with a high mortality of COVID-19 pandemic means a long painful period
of the disease pandemic will come. In places where the mortality rate is relatively high, health
professionals should be prepared for a longer period of �ghting with this pandemic. Any carelessness or
loosing of control measures may cause inestimable losses of lives in these places of high mortality.

Abbreviations
2019nCOV
2019 novel coronavirus
ANOVA
Analysis of Variance.
COVID-19
Coronavirus disease 2019
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Figure 1

Disease patterns of four categories of regions of COVID-19 pandemics. 1A-B. estimated days of disease
durations and log10 of patient numbers for Hubei, three provincial regions where the disease has not
ended (in purple color), four regions of potential ending of pandemics (in blue color), and 6 regions of
ended pandemics. 1C. Disease pattern in Hubei province. 1D. Disease patterns of regions that the disease
has not yet come to the end. 1E. The disease patterns of regions that are potentially ending the disease
pandemic. 1F. Patterns of regions that the disease pandemic has come to the end.
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Figure 2

Patterns of infection rates of four categories of regions of COVID-19 pandemics. 2A. Overall comparison
among four groups. 2B. Daily disease infection rates in Hubei province. 2C. Daily disease infection rates
of regions that the disease has not yet come to the end. 2D. Daily disease infection rates of regions that
are potentially ending the disease pandemic. 2E. Daily disease infection rates of regions that the disease
pandemic has come to the end. Consider adding a statement about what the vertical axis represents.
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Figure 3

Patterns of death rates of four categories of regions of COVID-19 pandemics. 3A. Overall comparison
among four groups. 3B. Daily death rates in Hubei province. 3C. Daily death rates of regions that the
disease has not yet come to the end. 3D. Daily death rates of regions that are potentially ending the
disease pandemic. 3E. Daily death rates of regions that the disease pandemic has ended.
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Figure 4

The average infection and death rates by different disease duration groups. 4A. The infection rate (left)
and death rate (right) of four groups. 4B. The infection rate and death rate of Hubei province. 4C. The
infection rate and death rate of regions in group of not ended. 4D. The infection rate and death rate of
regions in group of potentially ended. 4E. The infection rate and death rate of regions in group of
pandemic ended.
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Figure 5

Pandemic days and disease infection and death rate of COVID-19. 5A. The relationship between death
rate and the pandemic duration in different regions in China. The numbers on the vertical axis represent
the days of disease duration; the numbers on the horizontal axis show death rate. 5B. The relationship
between patient numbers and the pandemic duration in China. The numbers on the vertical axis represent
the Log10 of patient numbers; the numbers on the horizontal axis show days of disease duration. 5C. The
relationship between death rate of the �rst 25 days and the pandemic duration. The number on the
vertical bar represent the days of disease duration; the number on the horizontal bar shows death rate.
5D. Estimated COVID-19 duration in different countries. Each country has two estimated numbers. The
blue bar represents the minimum days while the green bar represents the potential maximum days.
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