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Abstract

The novel coronavirus SARS-Cov-2 is a pandemic condition and poses a massive menace to health. The governments of dif-
ferent countries and their various prohibitory steps to restrict the virus’s expanse have changed individuals’ communication
processes. Due to physical and financial factors, the population’s density is more likely to interact and spread the virus. We
establish a mathematical model to present the spread of the COVID-19 in India and worldwide. By the simulation process,
we find the infected cases, infected fatality rate, and recovery rate of the COVID-19. We validate the model by the rough set
method. In the method, we obtain the accuracy for the infected case is 90.19%, an infection-fatality of COVID-19 is 94%,
and the recovery is 85.57%, approximately the same as the actual situation reported WHO. This paper uses the generalized
simulation process to predict the outbreak of COVID-19 for different continents. It gives the way of future trends of the
COVID-19 outbreak till December 2021 and casts enlightenment about learning the drifts of the outbreak worldwide.
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1 Introduction

A novel coronavirus outbreak has started on 29 December
2019 in Wuhan (China). Later, it has progressively expanded
to the various countries of the world. Based on its dangerous
expansion in the world, the WHO declared a Public Health
Emergency of International Concern [WHO India Report 1]
and pandemic [WHO India Report 7] (Corona virus disease
COVID-19 2020). The most common symptoms of COVID-
19 are fever, dry cough, breathing difficulty, sore throat, or
diarrhoea [MoHFW, Government of India 25 March 2020
Awareness materials] (Corona virus disease (COVID-19
INDIA) 2020).

The first coronavirus confirmed case in India was
reported on 30 January 2020 in Kerala (India). The patient
was a student of Wuhan (China) (Corona virus disease
(COVID-19) 2020). Up to 4 March 2020, six confirmed
infected cases were reported in India as the classification
transmission—imported from abroad. On 5 March 2020, a
total of 29 confirmed coronavirus cases by local transmis-
sion mode (Corona virus disease (COVID-19) 2020). On
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13 March 2020, the first death has been reported by coro-
navirus diseases in India (Corona virus disease (COVID-
19) 2020; Corona virus disease (COVID-19 INDIA) 2020).
The COVID-19 is considered zoonotic starting from bats
to intermediate animals to people (Zhou et al. 2020) and
is geographically connected with Wuhan’s seafood busi-
ness (Cohen 2020). However, in the Indian scenario, the
zoonotic transmission is zero as the cases are only imported
from foreign countries. So, only human-to-human transfer
of COVID-19 has been established through respiratory drop-
lets (Chan et al. 2020) and asymptomatic infection (Kupfer-
schmidt 2020). India’s administration has directed the dis-
solution of essential functions to prevent coronavirus disease
from restraining diseases.

The Janta Curfew has been imposed on 22 March 2020.
India’s government issued orders for State/UT’s prescribing
total lockdown for containment of coronavirus disease, epi-
demic in the nation for 21 days with effect from 25 March
2020. Every incoming foreign flight has ceased from 25 March
2020 to 14 April 2020. Indian Railways issued an order from
22 March 2020 to 14 April 2020 will be treated under “Force
Measure.” Passenger movement has been restricted, including
inter-state travel [WHO India Report 9] (Corona virus disease
(COVID-19 INDIA) 2020). The government has released so
many advisories as a measure to protect from the coronavi-
rus; among these travel advisories, social distancing, home
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quarantine, and immunity-boosting for self-care are neces-
sary measures for coronavirus crisis (Corona virus disease
(COVID-19 INDIA) 2020).

In the model, we follow the pattern of two-sided efforts
for analyzing the COVID-19 problem (one side as people of
the country and another side as government efforts) (He et al.
2013). Liu et al. 2020 on the transmission of coronavirus in
India and worldwide. We assume that if some actions change
from both sides, then the model will update. The parameter
values may be changed when the situation changes. These are
some limitations of the model.

Since the disease transmission rate is uncertain, we develop
a mathematical model to present the spread of the COVID-
19 in India and worldwide. This model is helpful for further
modeling studies, and we can compare our model with pre-
vious mathematical models (Wu et al. 2020a, b; Modelling
study 2020; Mahase 2020; Bekiros and Kouloumpou 2020;
Barmparis and Tsironis 2020; Yousefpour et al. 2020; Con-
treras et al. 2020; Ivorra et al. 2020; Liang 2020; Li et al.
2020; Wu and McGoogan 2020) and with actual data values
(MoHFW India) (Corona virus disease (COVID-19) 2020) for
the authentication of the model.

2 Mathematical model
2.1 Assumptions
We take the following assumptions:

1. If people get infected once, they can get infected once
again.

2. We consider the situation of complete lockdown and
unlocking, with Governmental action and individual
reactions.

We propose the following mathematical model of the
Covid-19:

Sy stands for sensitive people, I, stands for infected peo-
ple, R stands for improved individuals, i, stands for epidemic
rate, d, stands for loss rate, r, stands for improvement rate, s,
stands for improved individuals have lost their immunization
and became sensitive to the virus, and Sg stands for increase
in sensitive individuals. The population has been classified
into the categories sensitive, exposed, infected, improved, and
asymptomatic (Wu and McGoogan 2020).

We propose the following system of equations:
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The differential equation for the population Py is
obtained by the system (1), and given by

dPy .
7 = (Sg — erE) - dr(SU +IN + RE)

which is equal to,

dPy

= (s, ~ i.Ry) —d,Py

Given an original population density Py ,we obtain

(s, = i,Rp)

_ ~d,t
Py(1) = Py e + p

(1—e™ @

r

. —i,R
Therefore, if t —» oo then M.

The system (1) is known as sernsitive—infected—improved
model. The system has an equilibrium point (Sy , Iy, Rg, ),

(s, — i,RE)
(SUO’INO’REO) = d—,O’O (3)
The Jacobian matrix (J,,) at an equilibrium is
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Hence, the model is stable if
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lr<sgd$> < (rr+dr) (6)

r

We infer that to stop the spread of the virus, we must
lower the epidemic rate by minimizing communication
within sound and infected persons or improving the recov-
ery rate r, by medicines. If Eq. (6) exists, each new infection
will go out over time. Otherwise,

l<sng> > (r, +d,) @)

r

the system is unstable.

2.2 The nonnegativity of the solution of the system

There is an epidemic that will not die in the population.

Moreover, there is an equilibrium point (S;},I;:,,RE) with
15,>0

LSy, =r+d,

i
I = - ®)
d, N r.+d, — =

Here,
r,+d, — % > 0, and, therefore, (7) provides that I is

positive.

2.3 The system stability

We have the system of equations as follows:

-

dsy . .
o T i.Syly + s,Rp —d.Sy — i,.Ry = h|(say)
dly _ . .
x v i.Syly — iy —d.Iy = h,(say)
dRg
— = rdy — s,Rp —d.Rp = h3(say)

L

To analyze the stability of equilibria in the model, we
adopted the Jacobian matrix J-

oh, oh, o,

s, oly OR;
ok ohy oh:

S, dly oR, |
ohy ohy oh:

oS, oly ORy

Jo=

where
M g e
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Therefore,
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Hence, the characteristic polynomial is

—i I —d,— A —(r,+d,) s, —i,
det(Jo — Al) = il —A 0 =0
0 roo —(d +s)— 4
That gives
G0y +d, + D>+ Ad, +s)] + i,
[(r,+d)d.+s,+1)—r(s,—i)]=0 )

We obtain the characteristic equation

2B+ /12[(1',1;; +d,)+d, +s)l+ AlG Iy, +d,)d, +5,)
+i, I (ry + d)] + 0L, + d,)(d, +5,) = 1,05, = )] = 0

where

6= (@l +d)+d, +s,)
6, = (i, Iy +d)d, +s,) +iIy(r, +d,)

63 = i, Iy[(r, +d)(d, +5,) —r.(s, —i,)]

If at least one root is positive, then the system will be
unstable. Otherwise, if all the roots of the equation are nega-
tive, then the system will be stable.

2.4 The Routh-Hurwitz criterion

The Routh-Hurwitz test was employed as follows in the
equation to assure that all roots in the equation were nega-
tive while the resulting stipulation was met:

(G 1y +d,)+ (@, +s)IG Iy +d)d, +5,)+ i1, +d,)]
> i I [(r, +d)d, +s,) = 1.(s, — i,)]

Therefore, by the Routh-Hurwitz test, the model is stable.
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3 Simulation of the model

We consider the impact of regulatory effort commences
on 23 March 2020. The emigration from Delhi (Capital of
India) commences on 31 March 2020 and finishes on 10
April 2020. In this COVID-19, it looks children are saved.
Just 0.9% of the problems are from age fifteen or less (Chou
and Friedman 2016), while in India, zero to fourteen years
are 5%. To know this impact, we believe ten percentage of
the population is ‘protected’. New investigations explained
that the interval of COVID-19 could be 5 days (Guan et al.
2020) (Nishiura et al. 2020a), and the median incubation
period could be 4 days (Chou and Friedman 2016). These
properties suggest a small inactive period and a contagious
period.

Therefore, assume a comparatively more modest stand-
ard inactive time (3 days) and the typical contagious time
(4 days). We utilize critical problems and death in the

standard response role instead of losses alone. We also
enhance the regulatory action’s strength so that the model
outcomes regularly meet the observation reporting ratio.
Specifically, a proportion of the model generated cases
will be summarized in facts. Many evidence and studies
(Nishiura et al. 2020b; Tuite and Fisman 2020; Zhao et al.
2020a; January 2020) propose that the reporting propor-
tion is time-varying. We summarize the parameters in
Table 1. We highlighted this situation as we understand
that the individual response and regulatory action were
performed in the early epidemic and pandemic (He et al.
2013).

In India’s context, we have taken 145 days scenario
from 30 January 2020 to 25 June 2020. We have shown
the actual daily and cumulative infected, death, and
cured cases in Figs. 1, 2, 3 of 30 January 2020 to 25
June 2020. We have compared the actual daily infected,
death, and cured cases with the simulation data of
daily infected, death, and cured cases in Figs. 4, 5, 6,

Table 1 Parameters values used

in th del S. No Parameters Notation Value or range Remark
in the mode
1 Infected rate i {1000, 10,000}(day)" Stepwise function
2 Total initial population P 1.30 billion Constant
Nl)
3 Initial Susceptible population S, 0.9 Py, Constant
4 Proportion of severe cases d 3 per 100 Constant
r
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Fig.1 a The total number of actual cumulative and daily infected
cases per day in India until 25 June 2020. b The total number of
actual cumulative and daily death cases per day in India till 25 June
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2020. ¢ The total number of actual cumulative and daily cured cases
per day in India till 25 June 2020
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Infected cases

Fig.2 a The comparison between actual infected cases and the num-
bers of infected cases found by simulation for India from 26 June
2020 to 05 July 2020. b The comparison between actual death cases
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26 June 2020 to 05 July 2020

and the number of death cases found by simulation for India from 26

. <10*
0 10
\
VA (T
{
= / | \
?‘ ' l’ 7 { l‘l
/ | l
6 ( | ﬁ
3 —— 6
il \ 7 T 1R
2 " 5
1 f’ B E E '!
i P. at /\_//—-\
3 [ / o/
§ (] 3 4
2, ;
II 2H
I ‘
1 \ \/
0
Aug 2020 Oct 2020 Dec 2020 Feb 2021 Apr 2021 0 K
May 2021 Jul 2021 Sep 2021 Nov 2021  Jam 2022
T (DAYS) s
ays.

(a) (b)

Fig.3 a, b The number of infected cases per day predicted by simulation for India from 6 July 2020 to Jan 2022

respectively, from 26 June 2020 to 05 July 2020. We 4 Results and analysis of the model

have also predicted the daily infected, death, and cured
cases in Figs. 7, 8, 9, respectively, from 06 July 2020 4.1 Training
to 31 December 2021. Table 2 compares of infected,
death, and cured cases found by the simulation process

with actual data.
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For training, we have taken data from 30 January 2020 to
25 June 2020 (Corona virus disease (COVID-19 INDIA)
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Fig.4 a, b The number of death cases per day predicted by simulation for India from 6 July 2020 to Jan 2022
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Fig.5 The number of cured cases per day predicted by simulation for
India from 6 July 2020 to Jan 2022

2020), and we found the actual daily and cumulative data
for the infected, dead, and cured cases. The total number
of actual daily and cumulative infected cases until 25 June
2020 is shown in Fig. la, the total actual daily and cumu-
lative death rates till 25 June 2020 are in Fig. 1b, and the
total actual daily and cumulative cured/recovered cases
until 25 June 2020 are in Fig. 1c. In India’s context, for
training, we have shown simulated data in Table 2 from 26
June 2020 to 05 July 2020 with the comparison with actual
data (Corona virus disease (COVID-19 INDIA) 2020), and
we have shown simulated curves for infected, death, and
cured cases in Fig. 2a—c.
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4.2 Testing

By testing, we found that the number of cumulative
infected cases in India was 562 by 25 March 2020, and
the number of daily real infected cases in India was 24,850
by 05 July 2020, which is approximately in line with the
simulation process (i.e., 22,414) (Table 2). Likewise, the
number of cumulative death cases in India was nine by 25
March 2020, and the number of daily death cases in India
was 613 by 05 July 2020, which is approximately in line
with the simulation process (i.e., 624) (Table 2). In the
same way, we have also found that the number of cumula-
tive cured cases in India was 45 by 25 March 2020, and the
number of daily cured cases in India was 14,856 by 05 July
2020, which is approximately in line with the simulation
process (i.e., 15,369) (Table 2).

We also found the cumulative infected cases were
687,959 by the simulation process close to the cases (i.e.,
648,315 actual cases) reported by the Government of
India (Corona virus disease (COVID-19) 2020; Corona
virus disease (COVID-19 INDIA) 2020) to WHO till 05
July 2020. By simulation data, we found that the rate of
infected cases against the total population to be 0.05%
(0.04% reported by the Government of India (Corona virus
disease (COVID-19 INDIA) 2020)) in India’s context.
The death cases were 19,976 by the simulation close to
cases (i.e., 18,655 actual cases) reported (Corona virus
disease (COVID-19) 2020; Corona virus disease (COVID-
19 INDIA) 2020) to WHO till 05 July 2020. With this
simulation data of infected and death cases, we found an
infection-fatality rate of COVID-19 to be 2.90% (2.82%
reported by the Government of India (Corona virus disease
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Fig.6 a The total number of cumulative infected cases in India until 25 June 2020. b The total number of cumulative death cases in India until
25 June 2020. ¢ The total number of cumulative cured cases in India until 25 June 2020

(COVID-19 INDIA) 2020)) in India’s context. Similarly,
the cured cases were 406,284 till 05 July 2020 by the
simulation process. The recovery rate is 59.05% (60.77%
reported by the Government of India Corona virus disease
(COVID-19 INDIA) 2020 in India’s context by simulation
data of infected and cured cases. So, the infected, death,
and recovery rates found by the simulation are approxi-
mately the same as the data provided by the WHO India
report and MoHFW India (Corona virus disease (COVID-
19) 2020; Corona virus disease (COVID-19 INDIA) 2020).

Therefore, the infected case’s accuracy is 90.19%, an
infection-fatality of COVID-19 is approximately 94%, and
the recovery is 85.57%.

4.3 Prediction for infected, death, and cured cases
in Indian Scenario

We review the regularly published data from India
(Corona virus disease (COVID-19 INDIA) 2020). There
is an advancing inclination of everyday new evidence
and losses. We show that those data obtained massively
affected via the availability of medicinal stocks and well-
ness concern operators. We see a lag of fourteen days in
sign start and lab certification of COVID-19. We consider
a proportion of everyday occurrences would be informed
subsequent fourteen days after infectiousness start. Based

@ Springer
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Fig.7 a The number of infected cases per day in India from 6 July 2020 to 31 December 2021. b The number of death cases per day in India
from 6 July 2020 to 31 December 2021. ¢ The number of cured cases per day in India from 6 July 2020 to 31 December 2021

on the mathematical model of Government actions and
individual reactions, we have predicted the number of
infected, death, and cured cases from 6 July 2020 to Janu-
ary 2022. By the simulation process, we found that the
number of infected cases will increase by approximately
40,000 per day Fig. 3a, b; death cases will also reach
approximately 600 per day Fig. 4a, b, and cured cases
will touch approximately 30,000 (Fig. 5) and above per
day up to January 2022. So, by this simulation, we can
predict that India may shift to a more critical hit, record 1
lakh COVID-19 cases daily, and 1000 death cases by May
2021 (2.87 lakh cases daily predicted by MIT study (Zhao
et al. 2020b)).
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This task’s primary objective is to introduce a math-
ematical model to discuss the personal response, govern-
mental action, and time-varying reporting rate. We offer a
fair study of individual responses and administrative steps
to catch the recognized pattern.

5 Rough sets

The rough set applications utilized today are considerably
more extensive than before, basically in the drug zones,
investigation of database traits, and process control. The
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Fig.8 a Attribute value intervals for attribute “infected”. b Attribute value intervals for attribute “death”. ¢ Attribute value intervals for attribute
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rough set has a few covers with different strategies for
information examination, e.g., cluster investigation, fuzzy
sets, statistics, proof hypothesis, and others, yet very well
may be seen in its rights as a free control (Zhao et al.
2020c; The Week et al. 2020; Polkowski 2002).

5.1 Validation by the Rough set

The dataset (Corona virus disease (COVID-19 INDIA)
2020) describes the model as further relevant because we
only require the infected, dead, and cured cases of COVID-
19, seeking the expected number of infected, dead, and cured

cases by the model. We noticed these preliminary data in
the precise form. The data are sound and very proper for
working in the model.

The dataset (Corona virus disease (COVID-19 INDIA)
2020) of the infected, dead, and cured cases of COVID-
19 with time (days) was taken from 30 January 2020 to
25 June 2020 as a lower approximation, 30 January 2020
to 30 November 2020 as an upper approximation, 26 June
2020 to 05 July 2020 as a boundary region. By using
Rough Set Exploration System (RSES 2.2.2) (Peters et al.
2012), it is observed that the number of infected cases
is increasing with time (days) (Fig. 6a), the number of
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Fig.9 (a) The number of infected cases of Asia per day predicted by
simulation from 6 July 2020 to 31 December 2021. b The number of
death cases of Asia per day predicted by simulation from 6 July 2020

death cases increasing with time Fig. 6b, and the number
of cured cases also increasing with time (days) Fig. 6c.

5.2 The mechanism used for the rough set

A data frame comprising information S =(p, 6), where p
is the collection of objects and 9 is the collection of char-
acteristics, 9 C p and A C o. The two sets 4,(9) and A*(9)
represent the lower and upper estimate of J, respectively,
and described as follows (Zhao et al. 2020c; The Week
et al. 2020; Polkowski 2002):

@ Springer

to 31 December 2021. ¢ The number of cured cases of Asia per day
predicted by simulation from 6 July 2020 to 31 December 2021

A(9) = U [A() : Ax) € 9)
XEp
F®)= V(40 1 AN I # ¢

The set
AN;(8) = A*(9) — A,(9)

is described as the boundary area of 9Zhao et al. 2020c;
The Week et al. 2020; Polkowski 2002) (Lin and Cercone
1997; Skowron 2005; Sinha et al. 2018, 2020; Sinha and
Namdev 2020a, b, ¢, 2021a, b; Namdev and Sinha 2020,
2021).
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Table 2 The comparison of infected, death and cured cases found by the simulation process and real data

Date Actual infected Infected cases found  Actual death cases Death cases found Actual cured cases Cured cases
cases (reported)* by simulation (reported)* by simulation (reported)* found by simu-
lation
26-Jun-20 17,296 17,258 407 324 13,940 10,668
27-Jun-20 18,552 19,603 384 380 9944 11,081
28-Jun-20 19,906 21,426 410 415 14,131 12,410
29-Jun-20 19,459 22,068 380 418 12,011 12,516
30-Jun-20 18,522 22,291 418 460 13,099 13,686
01-Jul-20 18,653 22,371 507 598 13,157 14,221
02-Jul-20 19,148 22,400 434 618 11,881 14,442
03-Jul-20 20,903 22,410 379 622 20,032 14,827
04-Jul-20 22,771 22,413 442 623 14,335 15,367
05-Jul-20 24,850 22,414 613 624 14,856 15,369

*Actual infected and actual death cases = World Health Organisation (WHO)

**Acual cured cases =Ministry of Helath and Family Welfare (MoHFW)

If AN,;(9) = ¢, then v is crisp or exact with respect to 4;
and if AN,(9) # ¢, then v is rough or inexact with respect
to AZhao et al. 2020c; The Week et al. 2020; Polkowski
2002) (Lin and Cercone 1997; Skowron 2005; Sinha et al.
2018, 2020; Sinha and Namdev 2020a, b, ¢, 2021a, b;
Namdev and Sinha 2020, 2021).

5.3 Therough set result
5.3.1 Training by the rough set

For training, we have taken data from 30 January 2020 to
25 June 2020, and we found the actual daily and cumulative
data for the infected, death, and cured cases. Utilizing the
estimated values of infected, death, and cured cases and the
RSES, the cumulative infected cases Fig. 6a, the cumulative
death cases Fig. 6b, and the cumulative cured cases Fig. 6¢
that exhibit the number of infected, death, and cured cases
are growing with time.

5.3.2 Testing by the rough set

In India’s context, for testing, we have shown simulated
data in Table from 26 June 2020 to 05 July 2020 with the
comparison with actual data, and we have also shown our
simulations for infected, death, and cured cases in Fig. 7a—c,
respectively.

The accuracy also found by the rough set method for the
infected case is 90.19%, an infection-fatality rate of COVID-
19 is approximately 94%, and the recovery rate is 85.57%,
which is approximately the same as the data provided by the
WHO India report and MoHFW India. We also found that
the rate of the infected case is 0.05%, an infection-fatality
rate of COVID-19 is approximately 2.90%, and the recovery

rate is 59.05%, approximately the same as the data provided
by the WHO India report and MoHFW India.

5.4 Statistics of the “infected cases”

The “infected cases” are observed by applying the rough
set. The mean value of the infected cases is 76191.547, the
standard deviation is 121453.195, the below value is 1, and
the above is 473105 in Table 3. Figure 8a shows the attribute
value intervals for attribute “infected”.

From Fig. 8a, we found that 47,310 (width of each inter-
val) infected cases were reported in the first 97 days, but the
same number of cases were reported in the next 12 days,
after that the next 8 days, then 6 days, 5 days, 4 days, and
3 days, which shows the increasing trend of the infected
cases.

Table 3 Statistics of the “number of infected cases” attribute

Stats of the “infected cases”

Number of objects: 148 Attributes: Number of infected cases
Status: condition

Number of attributes: 3 Type: numeric

Mean: 76,191.547

Standard deviation: 121,453.195
Minimum: 1

Maximum: 473,105

Attributes Attribute range

Lower limit of values: 0

Upper limit of values: 473,105

Cured cases
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Table 4 Stats of the “death cases” attribute

Stats of the “death cases”

Number of objects: 148 Attributes: Number of death cases
Status: condition

Number of attributes: 3 Type: numeric

Mean: 2312.811

Standard deviation: 3731.951
Minimum: 0

Maximum: 14,894
Attributes Attribute range
Death cases Lower limit of values: 0

Upper limit of values: 14,894

Table 5 Stats of the “cured cases”

Stats of the “cured cases”

Number of objects: 148 Attributes: Number of cured cases
Status: condition

Number of attributes: 3 Type: numeric

Mean: 36,042.108

Standard deviation: 64,913.058
Minimum: 0

Maximum: 271,697

Attributes Attribute range

Lower limit of values: 0

Upper limit of values: 271,697

Cured cases

5.5 Statistics of the “death cases”

The “death cases” are observed by applying the rough set.
The mean value of the death cases is 2312.811, the stand-
ard deviation is 3731.951, the below value is 0, and the
above value is 14,894 in Table 4. Figure 8b shows the
attribute value intervals for attribute “death”.

From Fig. 8b, we found that 1489 (width of each inter-
val) death cases were reported in the first 96 days, but the
same number of cases was reported in the next 13 days,
after that the next 10 days, then 7 days, 5 days, 3 days,
1 day, and 4 days, which shows the increasing trend of the
death cases.

5.6 Statistics of the “cured cases”

The “cured cases” are observed by applying the rough set.
The cured cases’ mean value is 36042.108, the standard
deviation is 64913.058, the below value is 0, and the above
value is 271697 in Table 5. Figure 8c shows the attribute
value intervals for attribute “cured”.

@ Springer

From Fig. 8c, we found that 27,170 (width of each
interval) cured cases were reported in the first 106 days,
but the same number of cases were reported in the next
9 days, after that the next 6 days, then 4 days, and 2 days,
which shows the increasing trend of the cued cases.

6 The worldwide impact of COVID-19

The coronavirus COVID-19 is affecting 213 countries and
territories around the world (Naik and Pardasani 2018).
The major coronavirus impact can be seen in South Amer-
ica, Asia, North America, Europe, and Africa. Developing
a vaccine against COVID-19 is one of the most pressing
challenges of our time (Corona virus disease (COVID-19)
2020). By this assumption, we have predicted the global
impact of the COVID-19.

6.1 Infected, deaths, and cured cases of Asia
by the simulation

We found that the number of new infected, deat,h and
total cured cases per day in Asia were 107,145, 1401, and
14,340,801, respectively, by 24 November 2020 (Naik and
Pardasani 2018), which were approximately in line with
the simulation process (i.e., approximately 105,000, 1700,
and 13,000,000 respectively) Fig. 9a—c. The number of
new infected, death, and total cured cases per day in Asia
were 108,260, 1768, and 14,427,723, respectively, by 25
November 2020 (Naik and Pardasani 2018), which were
approximately in line with the simulation process (i.e.,
approximately 105,000, 1700, and 13,000,000, respec-
tively) Fig. 9a—c. The number of new infected, death, and
total cured cases per day in Asia were 109,964, 1766, and
14,513,781, respectively, by 26 November 2020 (Naik and
Pardasani 2018), which were approximately in line with
the simulation process (i.e., approximately 105,000, 1700,
and 13,000,000, respectively) Fig. 9a—c.

6.2 Infected, deaths, and cured cases of North
America by the simulation

The number of new infected, death and total cured
cases per day in North America were 194,218, 2636,
and 9,268,835, respectively, by 24 November 2020 (Naik
and Pardasani 2018), which were approximately in line
with the simulation process (i.e., approximately 180,000,
3000, and 8,000,000 respectively) Fig. 10a—c. The num-
ber of new infected, death and total cured cases per day
in North America were 201,600, 3265, and 9,451,101,
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Fig. 10 a The number of infected cases of North America per day

predicted by simulation from 6 July 2020 to 31 December 2021. b
The number of death cases of North America per day predicted by

respectively, by 25 November 2020 (Naik and Pardasani
2018), which were approximately in line with the simu-
lation process (i.e., approximately 180,000, 3000, and
8,000,000 respectively) Fig. 10a—c. The number of new
infected, death and total cured cases per day in North
America were 130,194, 2324, and 9,506,276, respec-
tively, by 26 November 2020 (Naik and Pardasani
2018), which were approximately in line with the simu-
lation process (i.e., approximately 180,000, 3000, and

8,000,000 respectively) Fig. 10a—c.

simulation from 6 July 2020 to 31 December 2021. ¢ The number of
cured cases of North America per day predicted by simulation from 6

July 2020 to 31 December 2021

6.3 Infected, deaths, and cured cases of South
America by the simulation

The number of new infected, death and total cured cases per
day in South America were 52,197, 1281, and 9,713,591,
respectively, by 24 November 2020 (Naik and Pardasani
2018), which were approximately in line with the simulation
process (i.e., approximately 52,000, 1000, and 8,000,000
respectively) (Fig. 11a—c). The number of new infected,
death and total cured cases per day in South America were
67,984, 1189, and 9,768,912, respectively, by 25 November
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Fig. 11 a The number of infected cases of South America per day
predicted by simulation from 6 July 2020 to 31 December 2021. b
The number of death cases of South America per day predicted by

2020 (Naik and Pardasani 2018), which were approximately
in line with the simulation process (i.e., approximately
52,000, 1000, and 8,000,000 respectively) Fig. 11(a—c).
The number of new infected, death and total cured cases per
day in South America were 61,936, 1292, and 9,805,546,
respectively, by 26 November 2020 (Naik and Pardasani
2018), which were approximately in line with the simulation
process (i.e., approximately 52,000, 1000, and 8,000,000

respectively) (Fig. 11a—c).
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(c)
simulation from 6 July 2020 to 31 December 2021. ¢ The number of
cured cases of South America per day predicted by simulation from 6

July 2020 to 31 December 2021

6.4 Infected, deaths, and cured cases of Europe
by the simulation

The number of new infected, death and total cured cases
per day in Europe was 182,762, 5764, and 6,404,265,
respectively, by 24 November 2020 (Naik and Par-
dasani 2018), which were approximately in line with
the simulation process (i.e., approximately 170,000,
4000, and 7,000,000 respectively) (Fig. 12a—c). The
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Fig. 12 a The number of infected cases of Europe per day predicted
by simulation from 6 July 2020 to 31 December 2021. b The number
of death cases of Europe per day predicted by simulation from 6 July

number of new infected, death and total cured cases
per day in Europe was 216,449, 5469, and 6,548,780,
respectively, by 25 November 2020 (Naik and Par-
dasani 2018), which were approximately in line with
the simulation process (i.e., approximately 170,000,
4000, and 7,000,000 respectively) (Fig. 12a—c). The
number of new infected, death and total cured cases
per day in Europe was 225,067, 5276, and 6,726,325,
respectively, by 26 November 2020 (Naik and Par-
dasani 2018), which were approximately in line with
the simulation process (i.e., approximately 170,000,
4000, and 7,000,000 respectively) (Fig. 12a—c).

(c)

2020 to 31 December 2021. ¢ The number of cured cases of Europe
per day predicted by simulation from 6 July 2020 to 31 December

2021

6.5 Infected, deaths, and cured cases of Africa
by the simulation

The number of new infected, death and total cured cases per day
in Africa were 14,270, 431, and 693,620, respectively, by 24
November 2020 (Naik and Pardasani 2018), which were approx-
imately in line with the simulation process (i.e., approximately
13,000, 320, and 1,800,000 respectively) (Fig. 13a—c). The num-
ber of new infected, death and total cured cases per day in Africa
were 13,563, 439, and 707,877, respectively, by 25 November
2020 (Naik and Pardasani 2018), which were approximately in
line with the simulation process (i.e., approximately 13,000,
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Fig. 13 a The number of infected cases of Africa per day predicted
by simulation from 6 July 2020 to 31 December 2021. b The number
of death cases of Africa per day predicted by simulation from 6 July

320, and 1,800,000 respectively) (Fig. 13a—c). The number of
new infected, death and total cured cases per day in Africa were
13,927,297, and 1,800,753, respectively, by 26 November 2020
(Naik and Pardasani 2018), which were approximately in line
with the simulation process (i.e., approximately 13,000, 320, and

1,800,000 respectively) (Fig. 13a—c).

7 Discussion

The coronavirus is a dangerous condition for human beings
and creates an enormous hazard to health. A global multi-
level interaction with plenty of circumstances varying from
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2020 to 31 December 2021. ¢ The number of cured cases of Africa
per day predicted by simulation from 6 July 2020 to 31 December

2021

physical and financial factors forces the advancement of
highly modern mathematical models for the sound presen-
tation of infectious dynamics of diseases (i.e., COVID-19).
To control the outbreak of diseases, India’s government has
ordered the ending of vital functions through lockdown to
restrict the coronavirus disease.

So, we observe that when the Government of India has
taken strict action enforcing control measures like lock-
down 1.0, 2.0, 3.0 up to 31 May 2020 (Corona virus disease
(COVID-19 INDIA) 2020), the involvement of people of
India is less, the rate of infection and death by COVID -19
is less in Fig. 1a, b, respectively. After 1 June 2020, from
unlock 1.0 and unlock 2.0 (Corona virus disease (COVID-19
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INDIA) 2020), we observe the spread of COVID -19 in
terms of infection, death, and cure, increasing in nature
(Fig. 1a). The facts and control measures implemented in
India for COVID — 19 are given in Table 1. However, the
death rate and recovery rate have also increased (Fig. 1b, c).
We have simulated the whole scenario using parameters like
governmental actions, transmission rate, total initial popu-
lation, initial susceptible population, mean latent period,
mean infectious period, the proportion of severe cases, and
mean duration of public reactions. We apply the rough set to
validate the model, and we obtain that the model is near the
actual situation. Using the simulation and rough set model,
we try to predict the trend of the corona pandemic in India in
the future for infected, death, and cured cases, respectively,
in Figs. 3, 4, 5, when no proper medicine is available as a
drug target on COVID -19 and no vaccination of COVID
-19 is available as a precautionary measure in the society.

The number of daily real infected cases in India was
24,850 by 05 July 2020, approximately in line with the simu-
lation process (i.e., 22,414) (Table 2). Likewise, the num-
ber of daily death cases in India was 613 by 05 July 2020,
approximately in line with the simulation process (i.e., 624)
(Table 3). In the same way, we have also found that the num-
ber of daily cured cases in India was 14,856 by 05 July 2020,
which is approximately in line with the simulation process
(i.e., 15,369) (Table). So, the mathematical model’s interpre-
tation is near the actual situation of the COVID-19 pandemic
in India. The accuracy for the infected case is 90.19%, an
infection—fatality of COVID-19 is approximately 94%, and
the recovery is 85.57%, which are approximately the same
as the WHO India report’s data and Ministry of Health and
Family Welfare (MoHFW) India.

In the assumption part, we have assumed that “If people
get infected once, they can get infected once again”. In the
present scenario, we have seen that those who are vaccinated
are also getting infected. Therefore, no need to incorporate
the vaccination to study the system.

We found the rate of infected cases against the total popula-
tion is 0.05% (0.04% reported by the Government of India),
and the infection-fatality rate of COVID-19 is 2.90% (2.82%
reported by the Government of India) till 05 July 2020. The
recovery rate is 59.05% (60.77% reported by the Government of
India) till 05 July 2020 in India’s context, and we also observed
that the rates of infection, infection-fatality rate, and recovery
rate are increasing in nature. We have also validated our model
by the rough set and found the same level of accuracy.

8 Conclusion

Due to physical and financial factors, the population density
is more likely to interact and spread the virus. Various scien-
tific models have been explained to represent the progression

of casualties resulting from coronavirus COVID-19 globally.
In this mathematical model, we support conceptual criteria
to prevent the spread of the COVID-19 in India and world-
wide by the idea of different people’s reactions and admin-
istrative healthcare policy. By using the rough set, we also
found that 47,310 infected cases were reported in the first
97 days, but the same number of cases were reported in the
next 12 days, after that the next 9 days, then 6 days, 5 days,
4 days, and 3 days, and that shows the increasing trend of
the infected cases. The 1489 death cases were reported in
the first 96 days, but the same number of cases were reported
in the next 13 days, after that the next 10 days, then 7 days,
5 days, 3 days, 1 day, and 4 days and that shows the increas-
ing trend of the death cases. Similarly, the 27,170 cured
cases were reported in the first 106 days, but the same num-
ber of cases were reported in the next 9 days, after that the
next six 6 days, then 4 days, and 2 days, which shows the
increasing trend of the cured cases.

The holistic, sound solutions to health crises are the
policymakers’ primary concern (Singh and Adlakha 2019;
COVID-19 Coronavirus Pandemic. xxxx). The global level’s
active health actions are only possible due to the health func-
tion’s decentralization (Higginson et al. 2020). Our model’s
merit is that we analyzed some vital components, including
individual reaction, regulatory actions, and movement of a
high proportion of the population quickly. Meantime, our
model is comparatively modest, and estimations are in order
with earlier investigations (Wu et al. 2020a, b; modelling
study. 2020; Mahase 2020; Bekiros and Kouloumpou 2020;
Barmparis and Tsironis 2020; Yousefpour et al. 2020; Con-
treras et al. 2020; Ivorra et al. 2020; Liang 2020; Li et al.
2020; Wu and McGoogan 2020; Chou and Friedman 2016;
Guan et al. 2020; Nishiura et al. 2020a, 2020b; Tuite and
Fisman 2020; Zhao et al. 2020a; January 2020) (Xu et al.
2020; Tiirinki et al. 2020) and close to the actual situation
(Corona virus disease (COVID-19) 2020; Corona virus dis-
ease (COVID-19 INDIA) 2020).

With the mathematical model of Government actions
and individual reactions, we have predicted the number
of infected, death, and cured cases from 6 July 2020 to 31
December 2021. By the simulation process, we found that
the number of infected cases will increase by approximately
40,000 per day; death cases will also reach approximately
600 per day, and cured cases will touch approximately
30,000 and above per day up to 31 December 2021 (2.87
lakh cases daily predicted by MIT study (Zhao et al. 2020b)).
As the pandemic is uncertain due to different variants of the
coronavirus, it would be impossible to find the equilibrium
point during the study period. However, it would be found
in an equilibrium state after December 2021, when the situ-
ation will be approaching to the certainty of the variants of
the coronavirus.
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In this paper, we use the generalized simulation process
of the outbreak of COVID-19 for different continents. By
changing continents’ initial population size, we have pre-
dicted the future trend of the COVID-19 on different con-
tinents. Using these parameters, the simulation process
predicted the infected, death, and cured cases worldwide.
We have seen that the impact of the pandemic will still
rise in continents like Asia (Fig. 9a—c), and then North
America (Fig. 10a—c), South America (Fig. 11a—c), Europe
(Fig. 12a—c), and Africa (Fig. 13a—c).

In work, we concentrated on the transmission of COVID-
19 in India and successively for the global scenario with
public involvement and Government efforts. Our model can
be suited to everyday data and can make a pillar for future
research work. The model helps to impose new control
measures to break the spread of corona worldwide.
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