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Abstract—In the current scenario, the pandemic COVID-19
spread globally starting from the end of 2019, in Wuhan, a city
of China. As per the current data taken up to 26th of May 2020,
globally there are a huge number of people are affected (Ap-
proximately 3 billions) by the pandemic. Though the entire data
varies depending upon the several parameters like, population
size, congestion of area, climate condition, awareness of peoples
etc. we have only analyzes on the data of the country USA. The
entire data is partitioned into various categories such as: infected
rate, mortality rate. A statistical analysis is prepared to analyze
or predict the future strategies of the infected rate as well as
the removal (Death/cured) rate. The growth of both the infected
and the removed can be predicted with the same observed data
taken on daily basis from 15th February 2020. We retrieved these
data from an authenticate source provided by ’Worldometer”
(http://www.worldometers.info). However, Prophet Forecasting
Model (PMF) is used to simulate and discussed for the prediction
of the mortality rate, active rate due to pandemic COVID-19. The
proposed method is also tested for accuracy of model via cross
validation method.

Index Terms—Coronavirus, infected and removed data, statis-
tical analysis, Prophet Forecasting Model, Mortality Rate, Active
Rate.

I. INTRODUCTION

The global influenza pandemic is one of the severe pandemic
in the history of last ten decades. Starting from the observation
made in the 1918 influenza pandemic which was caused by
HIN1 virus along with the genes of avian origin. During
1918-1919 the spreading was globally and initially located
in the United States and identified in military personnel. The
spreading of the influenza generally more active in the spring
and the same also happens in the spring season in US. In
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estimation it is viewed that more than one third of the world’s
population (nearly 500 millions) was infected by the influenza
virus. In US only the number of deaths was at least 6.75 lakhs
and globally that was 50 millions. Statistically it was observed
that the people younger than 5 years, between 20-40 years and
more than 65 years old, the mortality rate is high. However,
the HIN1 virus has been synthesized and evaluated evaluated
properties are not so clear to understand. To protect the virus
neither any vaccine nor antibiotics were developed. The control
efforts globally were limited to non-pharmaceutical interven-
tions such as isolation, quarantine, good personal hygiene, use
of disinfectants, and limitations of public gatherings” [1]-[3].

Asian Flu, is an another pandemic caused by influenza
A virus known as H2N2 in the starting of 1957, month of
February. Initially it is emerged in East Asia and the virus
was comprised of three types of genes originated from an
avian influenza A virus along with H2 hemagglutinin and the
N2 neuraminidase genes. In February 1957, the first infected
people were reported from Singapore then in April 1957 at
Hong Kong and in summer the peoples are infected in US.
However, from the global death toll of 1.1 million only in US
the number is nearly 1.16 lakhs. Another pandemic caused
by influenza A, named as H3N2 virus was occurred in the
year 1968. It was first originated in US in September 1968.
From the statistical point of view the people from 65 years
and older were infected more and a total of one million deaths
are reported out of which from Us only the number is one
lakh. From the above report it is concluded that every time
the people from US are always affected with more numbers

[41-[7].
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The ongoing coronavirus disease 2019, named COVID-19
pandemic occurred in the end of 2019 i.e. in December 2019
originated in Wuhan a city of China. The current outbreak is
something different in symptoms in comparison to earlier in-
fluenza pandemics. The investigations on the novel coronavirus
is going on. Scientists are racing on to find out more about
COVID-109. Initially, the patients of Wuhan presenting with
pneumonia of unknown origin. With a great damage in China
the virus is spread globally and nearly eight lakhs people were
infected globally till the date of 28th of March 2019 [7], [8].
It is noted that, US is one of the countries in which the rate
is again more as compared to the pandemics reported earlier
[9]. As per our collected report till 28th of March 2020 [10]—
[12], the total number of infected people in US is 1, 23,578
and active cases are 1, 18,127. The number of people removed
(death and cured) is 5,451 out of which 2,220 peoples are died.

In the current investigation it is aimed that, statistical
analysis is made using the proposed model with the daily data
provided for the United States. Starting from 15th February
2020 (earlier data not traced) data for the total infected cases,
cured/deaths cases are present up to 28th March 2020 in daily
basis. The simulation is carried out for the fitting of the data
both for infected and mortality rate and further, Prophet Fore-
casting Model is used to predict the Mortality rate and active
rate (infection rate-Cured rate- Mortality rate) and accuracy of
Prophet Model is also checked by “Cross Validation Method”
on the basis of 50 days horizon. The experimental results
clearly show that the USA will face serious disaster due to
COVID-109. It is also shows by simulated prediction and trend
of COVID-19 data set the pandemic may continue till the end
of this year. A good sign in this prediction model is that the
active rate is decreasing [13], [14].

II. EARLIER STATISTICAL DATA FOR MORTALITY RATE,
AGE-SEX AND PRE-EXISTING CASE

In a report conducted by WHO-China joint Mission on
Novel coronavirus 2019 it is observed that the mortality rate
(number of deaths/number of cases) i.e. the probability of
dying if infected by the virus (%) is nearly 27% from the
people of age between 50-80 years (80+ it is 14.8%, 70-79 it
8%, 60-69 it is 3.6%, 50-59 it is 1.3%) however, no fatalities
are tolled for the people of 0-9 years till dated presented in
Table I. If we compared the sex ratio, it is observed that the
confirmed and all cases of death ratio for male is 4.7% and
2.8% respectively whereas for female people it is 2.8% and
1.7% respectively displayed in Table II. The statistics of pre-
existing conditions for the mortality rates like by coronavirus
disease, diabetes, chronic respiratory diseases, Hypertension
and cancer are also reported with both confirmed and all cases.
These rates are 13.2% and 10.5% respectively for the diseases
by coronavirus, 9.2%, and 7.3% respectively by the diabetes,
8.0%and 6.3% from chronic respiratory diseases, 8.4% and
6.0% by Hypertension, 7.6% and 5.6% by cancer. However,
the mortality rate for all cases with no pre-existing conditions
is only 0.9% which is presented in Table III.

TABLE I: Mortality rate both for confirmed and all cases.

Age Mortality rate

(Confirmed Cases)

Mortality rate
(Al Cases)

80+ Year Old 21.9% 14.8%
70-79 Years Old 8.0%
60-69 Years Old 3.6%
50-59 Years Old 1.3%
40-49 Years Old 0.4%
30-39 Years Old 0.2%
20-29 Years Old 0.2%
10-19 Years Old 0.2%
0-9 Years Old No fatalities

TABLE II: The sex ratio for both confirmed and all cases.

SEX Mortality rate Mortality rate
(Confirmed Cases) (All Cases)

Male 4.7% 2.8%

Female 2.8% 1.7%

TABLE III: Pre-existing conditions for both confirmed and all
cases.

PRE-EXISTING CONDITION Mortality rate

(Confirmed Cases)

Mortality rate
(All Cases)

Cardiovascular Disease 13.2% 10.5%
Diabetes 9.2% 7.3%
Chronic respiratory dieses 8.0% 6.3%
Hypertension 8.4% 6.0%
Cancer 7.6% 5.6%
No-Preexisting Conditions - 0.9%

ITI. STATISTICAL ANALYSIS FOR DAILY INFECTED CASES,
MORTALITY RATE, TRENDS FOR PANDEMIC COVID-19

We have performed the Statistical analysis for daily infected
cases, mortality rate, trends due to pandemic COVID-19. The
Polynomial curve fitting method has been use to analysis of
daily infected from 15th February to 28th March 2020 data set
[11], [12]. The data has been fitted in to 5th order polynomial
fitting which is shown in Figure 1. The Type of trend in
changing the daily infected people of US is also analyzed
which is shown in figure 2. The trends is calculated for the
identification of nature of increasing or decreasing the infection
rate which is require to correct prediction of data. The figure
3 showed the increments in infection rate on daily basis which
shows on which rate the infection rate is increasing. The figure
2 shows from 15th February to 28th March 2020 with 6th order
polynomial fitting [15]-[17].

Form the above statistical analysis it is found that the
number of infected people and death cases is increasing with
the higher percentages. The prediction Model for mortality
rate and active rate in US due to pandemic Novel COVID-19
is discussed in the section 4.

IV. PREDICTION OF MORTALITY RATE AND ACTIVE RATE
IN US DUE TO PANDEMIC NOVEL COVID-19
In this study we have adopted the Prophet Model for
forecasting the mortality rate and active rate in US due to
Novel COVID-19. The below section briefly describe the
prophet Model.
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Fig. 1: Daily infected cases from 15th February to 28th March
2020 with 5th order polynomial fitting.
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Fig. 2: Daily death cases from 15th February to 28th March
2020 with 6th order polynomial fitting.

A. Prophet Forecasting Model

The Prophet model [18], [19] has been designed by the
Facebook for forecasting the time series data. The prophet
model used the approach of additive model in which the trends
(Non-Linear) are fitted with seasonality (yearly, weekly, and
daily) and the effects of holidays. The prophet model has
combined trend, seasonality and holidays in the form of linear
Eq. 1.

y(t) = g(t) +s(t) + h(t) + & ey

Here ¢(t) represents the trends which observed the aperiodic
changes in time series values, s(t) represents the seasonality
observed the periodic changes in time series values (weekly,
daily and yearly), h(t) represents the holiday changes in time
series values which may irregularly arise for few days and ¢,
represents the error.

B. Trends g(t)

The trends g(t) can be described by two models; first is
saturating growth model, and a piecewise linear model.

1) Saturating Growth Model: In saturating growth model,
on the basis of data nature it identifies that how the data
has grown and how it is expected to continue growing. This
growth model is similar to natural ecosystem, which defines
that nonlinear growth is saturated at the carrying capacity. The

saturating growth model define the trends g(t) in the form of

Eq. 2.
C

g(t) - 1+ e—k(t—m)

where C' represents the carrying capacity, and & represents the
growth rate and m is offset.

2) Piecewise Linear Model: In piecewise linear model, in
saturating growth model the carrying capacity and growth rate
is kept constant but in the data it may be changed or variable in
nature. In this model the changing in growth rates are measured
at points that are called change points and carrying capacity is
changed from constant to variable with respect to time denoted
by C(t). The final equation for trends g(t) in piecewise linear
model given by Eq. 3.

2

B C(t)
9 =1 + e~k +a®T(t — (m + a(t)T)

where k represents the base growth rate, m is offset, §
represents the vector of rate adjustment, a(t)” represents the
vector of changing in the rate for all change points and -y
represents the rate of adjustment.

3)

C. seasonality s(t)

b. The seasonality s(t) is calculated on the basis of Fourier
transformation which provide the better result on periodic
effects. The prophet model has measured the seasonality on
the basis of Eq. 4.

N 2rxn Xt . 2r Xxn Xt
S(t)zz a,cos T + anpsin T

n=1
“4)
where the P represents the regular period.

D. Holiday h(t)

The holiday h(t) are assumed independent events that are
added in prophet model which has effect the time series. The
prophet model automatically adds the effect of holiday if it
comes under the date range in particular data set.

Considering these advantages of Prophet Model we have
used the prophet Model for predicting the mortality rate in US
due to novel COVID-19.

V. EXPERIMENTAL SETUP AND RESULTS

We retrieved these data from an authenticate source provided
by ”Worldometer” (hitp : //www.worldometers.in fo) from
date January 22, 2020 to May 25, 2020. We have applied
the prophet method to predict the mortality rate in US and
also predicted the mortality rate for coming two months. The
actual mortality rate on date May 25, 2020 was approximately
6% while our model has predicted the approximately 7%. The
trends of mortality rate and active rate in US due to COVID-
19 as shown by Fig.5 and Fig.6 respectively. The horizontal
shows the dates and vertical shows the predicted trends.

The model is also cross validated on the basis of 50 days
horizon for performance measurements of the predicted data.
The results are shown in Table IV. The table had shown all
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Fig. 3: Showing the trends of mortality rate in US (COVID-
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Fig. 4: Showing the trends of active rate in US (COVID-19).

the performance parameter for the predicted model in terms of
Mean Square Error (MSE), Root Mean Square Error (RMSE),
Mean Absolute Error (MAE), Mean Absolute Percentage Error
(MAPE) and Median Absolute Percentage Error (MAPE). It
is very clear from the table that the proposed model predict
the most accurate results. The performance matrix parameter
is also shown by Fig.5-14 for active rate and mortality rate of
proposed method.

0 ) 2 ) 50

EY
Horizon (days)

Fig. 5: MAPE for mortality rate prediction (On the basis of
50 days horizon)

We have predicted the mortality rate in US due to COVID-19
and the proposed model has predicted the data for commence
two months. The prediction has given that the mortality rate
becomes nearly 10.40% and active rate becomes nearly 66.90%
on the date July 24, 2020. This prediction shows that the
mortality rate due to COVID-19 in US will be one of height
mortality rate than other disease i.e. shown in Table IV.
The figure 17 shows the actual mortality rate and predicted
mortality rate in US due to COVID-19 using our proposed
model. The figure 18 shows the actual active rate and predicted
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Fig. 6: PMADPE for mortality rate prediction (On the basis
of 50 days horizon)
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Fig. 7: MAE for mortality rate prediction (On the basis of 50
days horizon)
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Fig. 8: MSE for mortality rate prediction (On the basis of 50
days horizon)
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Fig. 9: RMSE for mortality rate prediction (On the basis of 50
days horizon)

active rate in US due to COVID-19 using our proposed model
[20]-[22].
VI. CONCLUSION

The present paper provides a statistical analysis on the
current pandemic novel COVID-19 for the United State of
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Fig. 13: MSE error for active rate prediction (On the basis of
50 days horizon)

America using the daily data of both active and mortality
retrieved from the useful sourced cited earlier. Nonlinear
polynomial fitting is used to predict the future situation and
then the error analysis is obtained considering the Prophet
Forecasting Model, the time series data. The proposed method
predicted that the mortality rate becomes nearly 10.40% and

&
B

Horizon (days)

\

&
8

Horizon (days)

Horizon (days)

Fig. 14: RMSE error for active rate prediction (On the basis
of 50 days horizon)

TABLE IV: Showing the performance matrix of proposed
Method.
Horizon ~MSE RMSE  MAE MAPE  MDAPE
5days 2787647  1.669625  1.665824  0.876204  0.889901
6days 295452 1718872 1718299  0.930822  0.930466
7days 3387509  1.840519  1.827141  1.020113  0.977394
8days  3.816131 1953492 1937297 1078926  1.041522
9days 4390813  2.095427 2.078324 1131757  1.183962
10 days 4588444  2.142065  2.129617  1.123058  1.183962
11 days 4668811 2160743  2.152221  1.092227  1.183962
12 days 4325564  2.079799  2.068588  1.003911  0.998026
13days  3.865071 1965978 1948751  0.900755  0.823237
14 days  3.546925  1.883328  1.876776  0.818578  0.819707
15days 3358615  1.832652  1.828065  0.745975  0.783742
16 days  3.41432  1.847788  1.842948  0.706541  0.668178
17 days  3.143236  1.772917  1.760092  0.630485  0.635011
18 days 2940423 1714766  1.689986  0.572568  0.626065
19days 2376507 1541592  1.512163  0.480709  0.439429
20 days 1897597 1377533 1338161 0404936  0.378593
21 days  1.557777 1248109 1235275 0353241 0367589
22days 1415324 1189674  1.180094 0321907 0324447
23 days 1410514 1187651  1.178195 0305393  0.296024
24 days 1301444 1140808  1.123956  0.280252  0.282759
25days 1221652 1.105284 1075269  0.260048  0.282759
26 days 0904952 095129 0916484 0212493  0.198743
27 days  0.68609  0.828305  0.782812  0.176568  0.155126
28 days 0549597 0741348 0.7212 0.157098  0.155126
29 days 0531603 0729111 0710529  0.150141  0.155126
30 days  0.613393 0783194 0760275  0.155914  0.163957
31days  0.612472 0782606 0759505  0.152817  0.163957
32days  0.60004 0774623 074569  0.147729  0.163957
33 days 0444343 066659 0627337  0.121325  0.114332
34 days 0335876  0.579548 0534562  0.101604  0.077693
35days 0312077 0558638  0.521541  0.097215  0.077693
36 days  0.372054  0.609962 0564194  0.103509  0.077693
37 days  0.54364 073732 0.68414 0123956  0.145805
38 days  0.6043 0.777367  0.743561  0.133663  0.145805
39 days 0661626  0.813404 0801249  0.143136  0.145805
40 days  0.585116 0764929 0750554  0.132643  0.115189
41 days 0534038 0730779 0715141  0.125748  0.112715
42days 0612959 0782917 075087  0.131701  0.112715
43 days 0798343 0.8935 0852412 0.149152  0.112715
44 days  1.086567  1.042385 0996381  0.173035  0.202446
45days 1230656  1.109349 1081962  0.186965  0.202446
46 days 1354569  1.163859  1.157404  0.199016  0.202446
47 days 1296025  1.138431 1131475  0.193396  0.181586
48 days 1238959  1.113085  1.105583  0.188401  0.17923
49 days 1389837  1.178913 1156291  0.197274  0.17923
50 days 1676132 1294655  1.264268  0.215513  0.181586

active rate becomes nearly 66.90% on the date July 24, 2020.
A negative sign from whole prediction is that the mortality
rate is continuous increasing and the positive sign that active
rate is continuously decreasing. From the aforesaid prediction,
it is clearly shown that the pandemic COVID-19 will create a
serious disaster and from the trend of the current situation the
pandemic may continue till the end of this year. Therefore, to
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avoid the same situation proper care should to take care that
provided by the government. There are the proper sanitizations,
social distancing, and wearing of mask may be suggested to
break the chain.
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