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An outbreak of the novel coronavirus disease was first reported in Wuhan, China in De-
cember 2019. In India, the first case was reported on January 30, 2020 on a person with
a travel history to an affected country. Considering the fact of a heavily populated and
diversified country like India, we have proposed a novel fractional-order mathematical
model to elicit the transmission dynamics of the coronavirus disease (COVID-19) and the
control strategy for India. The classical SEIR model is employed in three compartments,
namely: quarantined immigrated population, non-quarantined asymptomatic immigrated
population, and local population subjected to lockdown in the containment areas by the
government of India to prevent the spread of disease in India. We have also taken into
account the physical interactions between them to evaluate the coronavirus transmission
dynamics. The basic reproduction number (Ry) has been derived to determine the com-
municability of the disease. Numerical simulation is done by using the generalised Euler
method. To check the feasibility of our analysis, we have investigated some numerical
simulations for various fractional orders by varying values of the parameters with help of
MATLAB to fit the realistic pandemic scenario.

Keywords: COVID-19, epidemic, fractional-order mathematical model (FOMM), repro-
duction number, generalised Euler method (GEM).
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1. Introduction

Throughout history, diseases swept the globe, bringing down empires, weakening economies, and chang-
ing the course of history. When these infectious diseases exist as epidemics having widespread occur-
rence, the impact is such appalling that it continues afflicting not only the present but also the future.
For instance, the recent coronavirus disease (COVID-19) pandemic has chained the world in shackles
with 4307287 positive cases and 295101 deaths reported by May 15, 2020 [1,2]. The first outbreak
was reported in Wuhan, China in December 2019 [3,4]. Despite attempted containment measures, the
virus spread to other parts of the world, soon resulting in a disastrous pandemic with many countries
affected.

The causative agent, the SARS-CoV?2 virus is transmitted by coughing, sneezing and close personal
contacts such as touching mouth, nose or eyes or shaking hands. The Centers for Disease Control and
Prevention(CDCP) reported a wide range of symptoms ranging from mild to severe illness. Cough,
shortness of breath, fever, chills, muscle pain, sore throat and new loss of taste or smell are commonly
reported symptoms which may appear 2-14 days after exposure to the virus. Other less common
symptoms have been reported including gastrointestinal symptoms like nausea, vomiting or diarrhoea.
Older adults and people with underlying medical conditions are seen to be at higher risk for developing
more serious complications [5].
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In India, COVID-19 was transmitted through the immigrated population from infected countries.
The immigrated population act as a host in this epidemic. As on June 6, 2020, more than 2 lack cases
have been confirmed all over India. The variation in rate of infection has been observed due to diverse
factors like immigration rate, nature of lock down, population density and awareness, etc. [6].

Scientists and researchers are proposing mathematical models and analyse it using numerical sim-
ulation to understand the various aspects of disease transmission. It leads to the roadmap for future
strategy of either controlling the spread or recovery of the infected. Victor et al. [7] have framed
mathematical model for COVID-19 as a global pandemic and it is predictions. As COVID-19 emerged
from China in the end of 2019, IvorraB., et al. [8]. Tuite AshleighR., et al. [9], have demonstrated
the pandemic situation of transmission of COVID-19 at Ontario, Canada by defining the appropriate
mathematical model. Tian-Mu Chen, et al. [10] have focused on transmissible of COVID-19 by using
simulation of mathematical model.

Integer order mathematical models has limitations to analyse complicated real life phenomenons. It
is observed that it gives the ideal results and local dynamics. On the contrary, on account of property
of memory effect and non-local dynamics, fractional-order model is more efficient than integer order
model [11,12]. Most of the scientists and researchers have diverted their attention towards fractional
calculus to define mathematical models for various diseases and natural phenomenons. Pawar D.D. et
al. [13| have proposed fractional-order mathematical model for tuberculosis with two line treatment
and analysed it thoroughly by applying generalised Euler method successfully. Kumar Devendra,
et al. [14] have proposed fractional-order mathematical model of malaria with anti malarial drug
and control strategy for mosquitoes by spraying. PawarD.D. et al. [15] analise the dynamics of
malaria by fractional-order mathematical model. Shaikh, Amjad S. [16] have designed fractional-order
mathematical model of COVID-19 transmission taking into account dynamics of transmission and
control in India.

Recently, researchers and scientists have formulated fractional-order mathematical models using
Atangana—Baleanu derivative which satisfies Lipschitz condition. Khan M. A., et al. [17] have proposed
a fractional-order mathematical model for tuberculosis with relapse via Atangana-Baleanu derivative
in Caputo sense. Khanet al. [18] have proposed mathematical model of novel coronavirus (2019-nCov)
with Atangana-Baleanu fractional derivative by considering bats as a source of infection.

In the current scenario, with no specific drugs or vaccine available, we resorted to control measures
as part of our strategy. One such strategy adopted around the world with sketching of many guidelines
is quarantine. Quarantine is the separation and restriction of movement or activities of persons who
are not ill but are believed to have been exposed to infection, to prevent transmission of disease. The
recommended duration of quarantine for COVID-19 based on available information is upto 14 days
from the time of exposure.

In the present work, the authors inspect the efficacy of quarantine and asymptomatic nature of
the disease as a containment measure in India by formulation of a novel fractional-order mathematical
model in the form of a time dependent system of fractional-order differential equations by applying
Atangana—Baleanu derivative. The population has been divided into three compartments as local
population subject to lockdown by Government of India, immigrated quarantine population and non
quarantine immigrated population. The model is imperative for prompt analysis of effectiveness of
these measures with consideration of efficacy of quarantine as a containment measure and asymptomatic
nature in some individuals.

2. Preliminaries

2.1. Fractional calculus: brief summary

In this section, we have presented the definitions of fractional derivative and integration, demonstrated
by Atangana—Baleanu.
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Definition 1 (Refs. [11], [12]). The Mittag—Leffler function of one parameter is denoted by E,(z)
and defined as

& k
z
Ea(Z) = kE:(] m, (VRS C, Rea > O (1)

Definition 2. Atangana—Baleanu fractional-order derivative in Caputo sense [17,18]. Let g: [a,b] —
‘R be a bounded and continuous function then Atangana—Baleanu fractional derivative in Caputo sense
of order 0 < o < 1 is defined as

2epeg() = 32 [ B (200 ) @)

where T'(+) is the gamma function and M(a) =1 — o + % is normalisation function.

—~
DO
SN—

Definition 3. Atangana—Baleanu fractional-order integral [17,18]. Let g: [a,b] — R be a bounded
and continuous function. The corresponding fractional integral concerning to Atangana—Baleanu
fractional-order derivative of order 0 < o < 1 is defined as

ABCTRg(t) = %g(ﬂ + m/a (t—q)* " g(q)dg, (3)

where M(a) =1 — o+ % is normalisation function.

Theorem 1. For a function g(t) € Cla, b], the following results holds as in [17,19]

M@)ol where Jlg(t) = max g0l

ABC
127 DEg(®)]] < 1-a) a<t<b

Further, the Atangana—Baleanu derivative fulfils the Lipschitz condition
122D g1(t) — 2PC D ga(t)|| < Lllga(t) — ga (1),
where 0 < o« < 1 is the order of fractional derivative.

Theorem 2. Atangana—Baleanu type fractional-order differential equation defined as follows

2P Dg(t) = F(t) (4)
has the unique solution [17] as
9(t) = (]1\4_(;;)1’ (t) + M(a(;él“(a) /a (t—q)* ' F(q) dg. (5)

2.2. Analysis of generalised Euler method [GEM]

In this section, we are presenting extension of generalised Euler method as explained in [13] for the
system of fractional order ‘n’, the number of linear and non-linear differential equations as

aDfyi(t) = fi(t,y1(t),y2(t),y3(t),. .., yn(t)), O0<a <1, >0, (6)

with the initial conditions y;(0) = y;, for i =1,2,3,...,n.

We have to find the solution in the finite interval [0, a]. Assume that y;(t), DSy;(t),... are continu-
ouson [0,a] forall = 1,2,3,...,n. The formula for generalised Euler method (GEM) For t;,1 =t;+h
forall j =0,1,2,3,...,k such that h is sufficiently small is
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yilten) = wity) + fi (6 91(85), 92(85), ys(t); - yn(t)) I'( = v

a+1)

foralli=1,2,...,n.

3. Fractional-order model formulation

In this section, the authors have analyzed the efficacy of quarantine as a containment measure with

infection by using the proposed novel fractional-order mathematical model of transmission control of

COVID-19. The biological characteristics of the disease have been considered in detail to effectively

design this model such that optimum possible vectors are formulated for the designated classes. The

construction of the model is explained in the current section.

The proposed model is a simulation of the SEIR (Susceptible-Exposed-Infected-Recovered) model
in epidemiology. We have considered the immigrated population as the source of disease. It is further
divided into two compartments — one is quarantined and the other is non-quarantined. A separate
compartment with the local population subjected to lockdown by the government of India is also taken
into consideration. By extrapolating the SEIR model to the three formulated compartments, the total
population is taken as A of the containment region, and further this population is divided into ten
classes as follows:

i) Susceptible class, S;(t), denotes susceptible local population with no travel history with the prob-
ability of recruitment ’¢’. Those from the immigrated compartment are classified into the quaran-
tined immigrated susceptible population and the non-quarantined immigrated susceptible popula-
tion denoted by Sy, (t) and Spgm(t), respectively. The rates of recruitment to Sg,(t) and Sygm (t)
are o1 and o9 respectively.

ii) Exposed class. On assumption of exposure to the virus, the individuals from the susceptible class
move to the exposed classes. Ej(t) indicates the exposed local population with the probability of
recruitment ’e;’. For those from the compartments of quarantined immigrated exposed popula-
tion and non-quarantined immigrated exposed population are indicated by Egy,(t) and Eygn(t)
respectively. The rates of recruitment to Eyp,(t) and Epgm(t) are f1 and S, respectively. These
individuals are asymptomatic and will be in the incubation period and can be moved to the infected
class.

iii) Infected class. This class includes the symptomatic individuals that are presenting clinical signs.
I;(t) denotes the exposed local population with the probability of recruitment ’i;’. For those from
the immigrated compartments: quarantined immigrated exposed population and non-quarantined
immigrated exposed population are denoted by Iy, (t) and Ipgm(t) respectively. The rates of
recruitment to gy, (t) and I,gm(t) are y; and vz, respectively.

iv) Recovered class. R(t) includes individuals who have recovered from the disease from all the com-
partments. The rate of recruitment to the recovered class from g, (t), Ingm(t) and I;(t) are 61, 62
and 7, respectively.

The following conditions are also contemplated in the construction of this model:

1. The recruitment rates of individuals including births are assumed to be constant.

2. Individuals in all classes have a natural rate of mortality d. Those in the infected class with
disease-induced deaths owing to age or other comorbidities are denoted by d;4.

3. We have assumed that not all individuals exposed to the virus will develop the symptomatic disease.
Such individuals as in Eg, () and Ejgn(t) will directly shift to the recovered class with the rates
r1 and ro, respectively.

4. Existence of physical contacts and interactions between immigrated non-quarantined and local
populations contributes dramatically to the transfer of the disease to the local population.

5. The exposed local population gets transferred to the compartment of the non-quarantined immi-
grated exposed population with the rate e, .
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6. Those who are quarantined, strictly and diligently follow it hereby eliminating the possibility of
transmission to others.

7. The non-quarantined immigrated and local populations are asymptomatic as per the observations,
they do not show any symptoms but facilitate spread of disease.

Thus, N(t) denotes the total number of individuals in population such that N(t) = Sgm(t) +
Eqm(t) + Igm(t) + Sngm(t) + Engm(t) + Ingm(t) + Si(t) + Ei(t) + L;(t) + R(t). Let cpgme be the
probability that non-quarantined individuals in incubation period come in contact with local susceptible
individuals. The rate of infection to local susceptible individuals from non-quarantined in incubation
period individuals denoted by ‘kygmer” is

E,
qm
knqmel = Cngmel ™ Tb N

Let Cpgmir be the probability that non-quarantined infected individuals come in contact with local
susceptible individuals. The rate of infection to local susceptible individuals from non-quarantined
infected individuals denoted by ‘K gma’ is

Igm(t)
kn mil — Yngmi T; x ;
qmil = Crgmir " T N @)

where 'nj is the average number of local individuals being in contact with non-quarantine immigrated
for the period ‘T}’.

Let Cje; be the probability that local susceptible individuals come in contact with local exposed
individuals. The rate of infection to local susceptible individual from local exposed individual denoted
by ‘kier’ is
210]

N(t)
Let Cy;; be the probability that local infected individuals come in contact with local susceptible indi-

viduals. The rate of infection to local susceptible individuals from local infected individuals denoted
by ki’ is

klel = C'lel Ng Ta

I(t)

ki = Crigng Tama

where ‘n,’ is the average number of local susceptible individuals coming in contact with local infected
individuals for the period ‘T’. The total rate of coronavirus transfer from local susceptible to local
exposed population is ‘e;” and it is given by

€ = klel + klil + knqmil + knqmel-

The fractional-order system of differential equations that defines the proposed model of COVID-19
is given as follows

ABCDe S (t) = oA — (e + d) Si(t),
ABCDYE(t) = eSi(t) — (i1 + emmg + d) Ey(t),

ABC Do (1) = iy Ey(t) — (ry + dig) I (2), (8)
ABCpag (1) = 1A B1SqmIgm(t) — d Sgm (1),
ABC DY Egm(t) = B1Sqm(t)Igm — (11 + 11 + d) B (t),

fBCDf‘Iq (t) = M Egm(t) — (01 + dia) Igm(t),
é‘BcD?anm(t) = J2A B2 anm( ) nqm(t) - danm(t)a
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fBCDtaEnqm(t) = B2 Sngm(t) Lgm (t) + €ing Ei(t) — (v2 + 12 + d)Engm(t),
ﬁBcDgInqm(t) = /72Enqm(t) - (52 + dzd) Inqm(t)a
ABCDAR(t) = 11 g (t) + 72 Engm + 01 1gm + 02 lngm + 1) — dR(),

where 0 < o < 1 is the order of fractional derivative and we obtain integer order model at @ = 1. The
classes of the model have respective initial conditions as mentioned in numerical analysis.

T1
0-1 . S ﬁ]_ | E 71 o I 61
' qm qm e qm
l dig—
) .
d d " R
F W'Y
0, 6 ¥ 1)
| % 2
2 z
anm Enqm = Inqm d
l A
e
d Ing dz d
A cnqmel
qumil
g
A A 4 e y
L 4! n
Sl El P> Il
l A 4 !
Clel [
d d ¢y |dyg

Fig.1. A schematic flow chart of dynamics of transmission of coronavirus disease
(COVID19) along with the direction of infection represented by dash line.

3.1. Mathematical analysis of the model

In this section, we have performed some mathematical analysis of the model to study some of the
biological and mathematical properties of the model. Here, we define a set of vectors [17] of all the
classes of the model as

A= { (SlyEbIl’R, Sqma Eqma Iqm, anma Enqmylnqm) S R}g.O: Sl + El + Il + R+ Sqm + Eqm

0+01+02)A}

+ [qm + anm + Enqm + Inqm < ( d (9)

The above set ‘A’ proves that the dynamics of COVID-19 transmission is biologically well defined.

3.1.1. Non-negative solution

The positivity of the proposed model has been derived as follows:
Lemma 1. The closed set such that A = {(S;,E;, 11, R, Sgms Eqm: Igm, Sngms Engms Ingm) €

RY: S+ B+ I+ R+ Sym + Egm + Lym + Sngm + Engm + Ingm < 29208 6 positively in-
variant with respect to (8).

Proof. The Atangana—Baleanu Caputo—sense derivative of the total population N (¢) is

ABCDAN (1) = (0 + 01 + 02) A — d(Si(t) + Sqm(t) + Sngm(t) + Ful)
+ Egm(t) + Engm(t) + R(t)) = dig(1i(t) + Igm(t) + Ingm (t)) (10)
< (0401 +09)A —dN(1).
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Performing the Laplace transform of (10)

B(a) (1= a)(o + 01 +09)A
s <5<a> Ta-—wd Ot B (1 —a)d
alo 4+ o1+ 02)A i
B(a) T (0 —aya Dot (28,

where [ = Wﬁl_a)d and E, ,(x) is the Mittag-LefHler function of x with two parameters of ‘a’
and ‘b’ as defined above. As Mittag—Leffler function has asymptomatic behaviour [17]. Therefore, it
obviously proves that N(t) < % by taking limit ¢t — oo.

Thus the solution of the model exists in A and it proves the positivity for all the solutions in the

region A defined in R}ro for the model. ]

) Eai(—B1°) (1)

3.1.2. Equilibrium points

In order to obtain the equilibrium points of the model which is the system of differential equations, we
have to equate all the equations to ‘0’. So,

2PCDRS () =3P DRE(t) =3P DRL(t) =4PC DRR(t) =37 DfSym(t) = 0,
o PO DY Eqn (1) =37 DIy (t) =3C D} Sngm(t) =37 D Engm(t) =47 D Ingm (t) = 0

by solving all these equations, we get the disease free equilibrium as

XO = (Slv Elv Ilv Ra Sqm7 Eqm7 Iqma anrm Enqma Inqm)
oA o1 A o9 A

= <7707070777070777070> .

3.1.3. Basic reproduction number

To determine the growth of infection among population, we need to compute the basic reproduction
number by using next generation matrix method [17]. The special matrix ‘F” gives us the newly infected
cases generated by a single infected individual present in the model in the susceptible population and
the remaining terms present in the model are carried out as the terms of another matrix ‘V’. The
spectral radius of FV ! gives the basic reproduction number of the model,

[ Crandle CrnaTa 0 0 ChgmeamsTy CrgmimTh |
0 0 0 O 0 0
o 0 0 0 [ 0 0
0 0 0 O 0 0
0 0 0 0 0 55
0 0O 0 0 0 0 |
and
[ (il + €lng + d) 0 0 0 0 0 i
—i (1 + diq) 0 0 0 0
v 0 0 (y1 471 +d) 0 0 0
- 0 0 N (61 + did) 0 0
—€lng 0 0 0 (v2 +r2+d) 0
i 0 0 0 0 =2 (62 + did) |

The spectral radius of A = F.V ! gives the reproduction number (Rp). Numerical values of reproduc-
tion number has been calculated with the help of MATLAB for every set of values of parameters.
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3.1.4. Existence and uniqueness of solution of the model

In view of crucial role of existence and uniqueness of solution in the analysis of mathematical model
of natural phenomenon, we have examined existence and uniqueness of solution of fractional-order
mathematical model with exponential law by using fixed point theory.

Now we apply fractional integral operator (2) to the mathematical model. For further understand-
ing, the mathematical model can be written as

ABCDRY (t) = F(t,Y (1)), (12)
Y(0)=Yy, 0<t<T < 0.
Where, Y (t) = (Sl(t),El(t),Il(t),R(t),Sqm(t),Eqm(t),lqm(t),anm(t),Enqm(t),lnqm(t))T. The func-
tion F': Ry x RI® — RI% is C°(R1?).
Let us take initial condition for all classes as

YO(t) = (51(0)7 El(0)7 Il(0)7 R(0)7 Sqm(0)7 Eqm(0)7 Iqm(0)7 anm(0)7 Enqm(()), Inqm(O))T.

As Atangana—Baleanu derivative satisfies Lipschitz condition, as

(8, Ya(t)) — F(t, Ya(8))| < N[[Y2(t) = Ya(®)]- (13)

Theorem 3 (Ref. [17]). Fractional order model involving Atangana—Baleanu fractional-order deriva-
tive of Caputo sense (2) has a unique solution such that
(1-a) 1

o) T Tayai(a) (Fmae)® <1

Proof. Applying Atangana—Baleanu fractional integral (3) to both sides of (12), gives rise to Voltera
integral equation as

(1-a) a
(o) F(t, Y(t)) +

Y(t) = Yo+ PRI /0 Fp, Y)(t — )* dy. (14)

Let J = (0,7) and take a operator Q: C(J, R1®) — C(J, R'?) defined as

D (Y () + —2

QY (1) = Yo+ -

' o a—1
V(o) [ Py - v

I'a)M

By taking spectrum norm on J, as || - || ; = sup [|[Y(¢)|, Y (t) € C. As C(J, R¥®) and | - ||; construct a
teJ

Banach space.

We have
o] - el = |75 (Fe ) - Fevio) (15)
o _ et
@A J, 0 1) P ) =0 |
Applying Lipschitz condition
I903(0] - QAN < (G758 + ey T ) 1720 - HiO

Hence it deduce that
[2[Y2(t)] — Q@] < 0[Y2(t) — Ya(®)]];-

We conclude that we obtain the uniqueness of the solution of the model. ]
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4. Numerical analysis and description

In this section, numerical analysis of results are represented in the form of graphs using MATLAB.
The authors believe, it is of great importance that numerical analysis is based on real-time situations
in the world for estimation to be feasible and accurate. The main purpose of such analysis for an
epidemic model is to investigate the dominant features associated with certain interventions which
greatly affects the disease dynamics. As the data is not available to define the values of parameters,
we have done various possible combinations of parameters by using least square fitting technique to
estimate close to real-world situations and a variety of results.

18 30 :
a=1 a=1
a=0.95|1 a=0.95

a=0.9
a=0.85|]

16

14

12

10}

! ! !

0 1 1 )
0 10 20 30 40 50 60 0 10 20 30 40 50 60

t (days) t (days)

a Numerical analysis of infected local population. b Numerical analysis of infected non quarantine mi-
grated and asymptomatic local population.

3000 :
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2500 F a=0.9
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2000
R 15001
1000
500 |
0 T 1 1 1 0 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
t (days) t (days)
¢ Numerical analysis of infected quarantine migrated d Numerical analysis of recovered population.

population.

Fig.2. Analysis of infected and recovery type of classes with values of parameters o = 0.25, A = 500000,

d = 2/695, il = 009, r = 4/122, did = 4/122, r = 009, o = 006, 51 = 009, 52 = 08, g1 = 00002,

oz = 0.00008, 81 = 0.00567, B2 = 0.00764, v, = 0.006, v2 = 0.056, Crgme = 0.00021, Crgms = 0.00012,

Clel = 0.41, Cm = 0.032, Ng = 1.5, ny = 1.65, Ta = 0.7, Tb = 0.56, €ing = 0.008 and S[(O) = 4, Il(O) = 2,

Ei(0) = 3, Sgm(0) = 2, Egn(0) = 1, Ijy(0) = 1, Spgm(0) = 3, Engm(0) = 2, Igm(0) = 1, R(0) = 2,
Ry = 4.0128.

Mathematical Modeling and Computing, Vol. 8, No.2, pp.253-266 (2021)



262 Pawar D. D., Patil W. D., Raut D. K.
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a Numerical analysis of infected local population. b Numerical analysis of infected non quarantine mi-
grated and asymptomatic local population.
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population.
Fig.3. Analysis of infected and recovery type of classes with values of parameters o = 0.25, A = 500000,
d=1/69.5,4 = 0.8, r; = 1/122, d;g = 2/122, r1 = 0.09, o = 0.009, 6; = 0.009, d2 = 0.009, o1 = 0.0006,
o2 = 0.0006, 81 = 0.0567, B2 = 0.00964, v; = 0.0018, v2 = 0.009, Chgmer = 0.21, Crgmi = 0.21, Ciep = 0.31,
Ciy = 032, n, = 0.85, np, = 0.9, T, = 0.7, T, = 0.6, ey = 0.3 and initial values S;(0) = 4, Sy (0) = 3,
Sngm(0) = 2, Ei(0) = 3, Egn(0) = 2, Epgm(0) = 1, I1(0) = 2, I (0) = 1, Ingm(0) = 1, R(0) = 2 and
Ry = 3.8247.

The authors have graphically represented 3 sets of numerical simulations obtained based on inte-
gration of realistic information and certain estimations of initial conditions and parameters. We have
come across a good agreement between the reported data from various locations in India and some
estimations of the other components. While estimating the parameters used in the enumerated figures,
we observed the simulation results with the help of MATLAB for multiple set of parameters. After
that we have selected from these which are parallel between case formulation and available real life
field data in the containment area in India. For each set of values of parameters and initial values of
classes, the reproduction number is also calculated.

We have estimated the total population as 5,00,000 considering the average population of contain-
ment areas and the average mortality rate in India to be d = 1/69.50 per year [16]. We have the time
level up to 60 days for the numerical simulation.
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Fig. 4. Analysis of infected and recovery type of classes with values of parameters o = 0.0025, A = 500000,

d=1/69.5, 4 = 0.4, r; = 1/122, d;q = 2/122, r; = 0.09, ro = 0.06, 51 = 0.09, §5 = 0.6, o1 = 0.0002, o2 =

0.00008, 81 = 0.000567, B2 = 0.00764, v1 = 0.006, v1 = 0.6, Crgmer = 0.0021, Cpgma = 0.0012, Cje; = 0.0041,

Cliy = 0.0032, ng = 2.5, np, = 1.6, T, = 1.8, Ty, = 1.5, epnq = 0.09 and initial values S;(0) = 400, Sq.n, (0) = 230,

I;(0) = 280, E;(0) = 380, Egn(0) = 210, I4n(0) = 150, R(0) = 140, Sngm(0) = 200, Enqn(0) = 160,
Igm(0) = 80, Ry = 0.6124.

We have calculated the reproduction number (Ry) for each set to study the global stability of dis-
ease free equilibrium and endemic equilibrium of the system. If Ry < 1, then disease free equilibrium
is globally asymptomatically stable; if Ry > 1, then endemic equilibrium is globally asymptomati-
cally stable and disease free equilibrium is globally asymptomatically unstable [17]. With help of the
reproduction number, we are able to predict the nature of the disease in the compartment.

The variation in infection rate with respect to time (Figure 2) indicates the volatile scenario of the
dynamics of infection as we observed in India. As the reproduction number Ry = 4.0128 > 1, hence
the disease free equilibrium is globally asymptomatically unstable and endemic equilibrium is globally
asymptomatically stable. In this case, there is a growth in the coronavirusly affected individuals in
non-quarantined compartment; while after a peak, the rate of infection in the local population slows
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down and it results in a decrease in the quantity of the local infected population. The nature of
graphical results 2 of this set of parameters and initial guesses match the results given by Kankan
Sarkar et al. [20] who has taken integer-order model as the base of their study.

In Fig. 3, the steady growth in all infected classes has place which results in the constant rate of
infection. The continuous growth in the set of recovered individuals is also observed. The reproduction
number of the data of Fig.3 is Ry = 3.8247 > 1, so the endemic equilibrium is globally asymptomat-
ically stable as shown. Hence behaviour of the disease will stabilise at a certain level and the flow of
infection will increase. This scenario will not be some what suitable to avoid the pandemic situation.
Biswas Sudhanshu Kumar, et al. [21] and Kaustuv chatterjee et al. [22] have analysed different math-
ematical models for COVID-19 impact and prediction. The graphical results given by them coincide
with the presented results of Fig. 3 of this work. The present results focus broadly on the real scenario
of the pandemic in the containment zones of India.

The estimated data of Fig.4 gives reproduction number as Ry = 0.6124 < 1. The disease free
equilibrium is globally asymptomatically stable. The figures also demonstrate that there is considerable
downfall in the number of infected population over the period of time. In this case, we have proposed
the set of parameters to decide the control strategy. Since, the reproduction number is less than a unit,
here, the disease will be under control after some period. The scenario will be some what suitable to
avoid the pandemic situation.

5. Conclusions

We have proposed a novel fractional-order mathematical model to investigate the efficacy of quarantine
as a containment measure. With the posed assumptions,the model successfully attempts to analyse the
current scenario as a wider picture and to decide the control strategy. The existence and uniqueness
of the proposed model has been confirmed by applying fixed point theorem.

The following distinctive features of our model are:

1. We have considered the immigrated population as a source of infection. This has also been observed
in the real world scenario during early stages of the pandemic.

2. We have also considered the asymptomatic state of the disease of some individuals. Interactions
between asymptomatic (non-quarantined and local) persons can further provoke the coronavirus
transmission.

3. We have taken into account the fact that nobody in the exposed class will be infected owing to
differential viral load. Hence, they directly move to the recovered class.

These features have been observed all over India in this pandemic situation of COVID-19.

While computing the reproduction number, not only the infected but also the exposed individuals
contribute to secondary infection. This assumes special importance in transmission dynamics of the
disease. The authors have kept this into account while making certain conclusions.

For numerical simulation of the model, RK4 and generalised Euler method (GEM) are applied for
integer order with the help of MATLAB and the results obtained by applying both methods matching
those for integer order. Further, we extended the numerical simulation for fractional order by applying
generalised Euler method (GEM).

If we take following precautions then the disease will be controlled and eliminated from the pop-
ulation. First of all, we should restrict the involvement of immigrated population directly with local
population by restricting them to compulsory quarantine. Numerical simulations in graphical form
predict that a significant cause of spread of infection is due to the non-quarantined asymptomatic
population. So the rate of transfer of infection to the local exposed individuals should be minimised.
Further, to identify the infected individuals from non-quarantined asymptomatic individuals, the ran-
dom testing has to be conducted in the containment areas. To increase the direct recovery rate from
the local exposed population and the non-quarantined immigrated population, the immunity power
should be enhanced by some appropriate medical guidelines, so that the recovery rate at these stages
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will increase and the chances of spread of disease will minimise. To bring more accuracy in the model
and to decide the strategy to control the disease, we can vary fractional-order components. Fractional-
order model carries memory effects. It has found to be more effective than integer-order model. In
the numerical analysis, if the reproduction number is greater than a unit, then it is observed that the
fractional-order component is directly proportional to the infection rate and inversely with the recovery
rate. It is reverse when the reproduction number is less than a unit. As the fractional-order model
possess non-local dynamics and has long memory, it gives real behaviour of the nature of COVID-19
rather than ideal behaviour. In such complex study of the disease, we get a wide platform through the
fractional-order model than integer-order one. So fractional-order model may help better than integer-
order model to choose from the various patterns in disease progression in a certain containment area.
Finally, we may conclude that the present fractional-order model has given wide platform to decide
the future strategy for the control of COVID-19 in India.
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MaTtemaTnyHa mogenb ApoboBOro nopsigky Anasi aHanisy BNJjauBy
KapaHTuHy Ha nowmnpeHHss COVID-19 B Ingii

[Masap . J.', Harux B. J1.2, Payr 1. K.3

IIkora mamemamuanux nayx,
Vnisepcumem Ceami Pamarnarnda Tipma Mapameadu, Handed-431606, Indis
2 Kagpedpa npukaadnoi mamemamuri,
Inorceneprnuti konedore A. C. Ilamun, Hasi Mymbai-410210, Indis
3 Kagedpa mamemamuru,
HTusadoci Mazxasioarasn, Penanyp, Jlamyp-413527, Indis

Breprie nmpo cniastax HoBOT KOpoHaBipycHOI iHdekil moBimomuan y micti ¥Yxanb, Kurait, y
rpyzni 2019 poky. B Iuaii npo mepmuit Bunamok Oysro mosigomiteno 30 cians 2020 poky,
e Oysa ocoba 3 icTopiero mepemimiens 10 indikoBaHol kpaluu. Bepyun no yBaru daxr ry-
cTOHAce eHo1 Ta aAuBepcudiKoBaHOl KpalHuu, Takol K [His, 3amporroHoBaHO HOBY MaTeMa-
TUYHY MOJEJIb APOOOBOI0O HOPSAIKY, 00 BUSHAYNUTH IUHAMIKY IIONIUPEHHS KOPOHABIPYCHOT
xBopo6u (COVID-19) ra crpareriio 11 kourposto B [uaii. Knacuana mogess SEIR zacroco-
BaHA JI0 TPHOX CEKIIiil HACEJICHHS, & caMe: MIrPAHTH Ha KAPAHTUHI, 0€3CMMITOMHI MirpaHTn
He TepeMileH] Ha KapaHTUH Ta MICIeBe HaceJIeHHsI, ke ypsy [Hail migmas 6/I0KyBaHHIO B
30HI CTPUMYBAHHS JJTsI 3aIT00ITaHHS PO3MOBCIOKEHHIO XBopoou B Hmil. Takox BpaxoBano
GbizuvuHy B3a€MOJIII0 MiK HUMHU JIJTsT OIIIHKY JIMHAMIKY TTOITUPEHHsT KOPOHaBipycy. Beramnos-
JieHO 6a30Be penpoayKTusHe uncio (Ry) s BusHauenns 3apaxkysanocri COVID-19. Yu-
ceJIbHE MOJIETIOBAHHS ITPOBEICHO 3a JOMOMOro0 y3arajabaenoro merony Eitgepa. 1106 me-
PEBIpUTHU aKTyaJbHICTD HAIIOTO aHAJII3Y, MU JOCTIIUIN IedK]l YUCETbHI MOAESTIOBAHHS M1
pisHOro ApOoOOBOro HOPIIKY, 3MIHIOIOYHN 3HaYeHHs napaMerpis 3a gomomorown MATLAB,
o6 JTOCTiIPKEHHsT BiJIIIOBIIAI0 PeaicTUIHOMY CIIEHAPIo TaH eMil.

Kntouosi cnosa: COVID-19, enidemisn, mamemamuuna modesv 0pobo6ozo nopadky
(MMJIB), wucao sidmeopenns, ysazaavrenut memod Eisepa (YME).
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