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Abstract

In this paper, a fractional order nonlinear model for Omicron, known as B.1.1.529 SARS-Cov-2 variant, is proposed. The
COVID-19 vaccine and quarantine are inserted to ensure the safety of host population in the model. The fundamentals of
positivity and boundedness of the model solution are simulated. The reproduction number is estimated to determine whether
or not the epidemic will spread further in Tamilnadu, India. Real Omicron variant pandemic data from Tamilnadu, India, are
validated. The fractional-order generalization of the proposed model, along with real data-based numerical simulations, is the

novelty of this study.

Keywords Omicron - Stability - Reproduction number - Steady states - Fractional derivative

Mathematics Subject Classification 26A33 - 34A08 - 65P40

1 Introduction

As of November 24, 2021, Omicron has been found in sev-
eral nations and was still the dominant variety everywhere.
Omicron infection results in a less serious illness than infec-
tion with the earlier forms. Omicron may cause a milder form
of disease, according to preliminary research, but some peo-
ple who acquire this variant’s infection still run the risk of
developing serious illness, needing hospitalization, and even
passing away. One should take precautions even if only a
tiny portion of those with Omicron infection require hospi-
talization because the high incidence of cases could collapse
the healthcare system. The Omicron variation, also known as
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B.1.1.529 SARS-Cov-2 Variant, was less contagious than the
original COVID-19 virus and the Delta variant. People who
have the Omicron variant infection may exhibit symptoms
that are similar to those of earlier forms. For an individual,
experienced a prior infection, received a COVID-19 vacci-
nation, and the existence of other health issues can all affect
the presence and intensity of symptoms. The most effective
public health measure for preventing COVID-19 and reduc-
ing the possibility of new variations arising is still COVID-19
vaccination. This covers the initial course, booster shots, and
any necessary subsequent doses. It is anticipated that the cur-
rent vaccines will guard against the serious sickness, hospital
stays, and fatalities brought on by Omicron variant infection.
Breakthrough infections in vaccinated people are also likely.

Several mathematical models have been developed in a
wide range of manners to describe how diseases spread in
sub-population compartments. In [1], the authors proposed
a nonlinear model for the co-dynamics of tuberculosis and
COVID-19. In [2], the authors modeled the spatial distri-
bution of a COVID-19 with vaccination using a diffusion
equation. In [3], the researchers proposed a novel delay-
type model of COVID-19 with a convex incidence rate. The
authors in [4] simulated the impact of quarantine and hos-
pitalization on the transmission of COVID-19. In Peter et
al. [5], proposed a novel model of COVID-19 using real
data from Pakistan. In [6], the authors proposed a non-
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linear model of COVID-19 for studying the outbreaks in
Nigeria with optimal controls. The Omicron variant is chal-
lenging mathematicians to rethink models that have aided
India’s comprehension of COVID-19 and response to the out-
break. With the next wave of the pandemic, everyone from
those who get tested to whom most likely to get the virus
has altered, providing new hurdles for those who model its
impact. The vaccine class has been considered in the mod-
els, which allows appropriate antibodies to be supplied to
the recovered and powerless persons in the host population
when a wiped out individual recovers from an illness [7-9].
Asymptotic strong characteristics move from the infection
free consistent state to the endemic consistent state. Because
there are no known numerical approaches for developing
Lyapunov capabilities for epidemic models, investigating the
global aspects of a pestilence model framework is difficult
[10,11].

Many mathematical models have been constructed for
COVID-19 without the vaccination and Quarantine compart-
ment [12—15]. In this study, we combined the results of papers
[16-20] to create an Omicron variant model with a variable
population size.

The fractional derivatives have been utilized in the mathe-
matical modeling of biological phenomena throughout the
last few decades. This is due to the fact that fractional
calculus can more precisely explain and process the reten-
tion and heritage characteristics of different materials than
integer order models. As a result, many approaches have
been used to examine the aforementioned field, including
qualitative theory and numerical analysis. Therefore, using
various mathematical methodologies, researchers enlarged
the classical calculus to the fractional order. Considering
mathematical models with fractional derivatives are effective
instruments for researching infectious diseases [21-23]. The
researchers looked at COVID-19 mathematical models using
fractional order derivatives, and the findings were excellent
[24-30].

We have constructed a fractional Omicron mathemati-
cal model in this research. The existence, uniqueness, and
positivity of the solution are also deduced for the pro-
posed Caputo-type fractional Omicron mathematical model
by referring [31-35]. The paper is formulated as follows:
In Sect.2, we propose the fractional-order model by using
Caputo fractional derivatives. In Sect.3, we perform the
qualitative analyses of the model containing the proofs of
positivity and boundedness of the solution, existence of
steady-state solutions, and the existence and uniqueness of
the model solution. Computational simulations are done in
Sect.4 to validate and reinforce our theoretical findings for
Omicron B.1.1.529 SARS-Cov-2. We conclude our findings
in Sect. 5.
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2 Model formulation

Firstly, we establish an integer-order model based on non-
linear ordinary differential equations. The total population
denoted by N () is divided into state equations repre-
senting susceptible individuals S(¢), exposed individuals
E(t),infected individuals / (¢), quarantined individuals Q (¢),
confirmed individuals /.(¢), recovered individuals R(t), vac-
cinated individuals V (¢), and the reservoir compartment
W(t).

In the model development, there are associated concerns
that (i) the birth and death rates are specific. (ii) People who
are susceptible get contaminated if they come into contact
with an infectious person who is not vaccinated. (iii) Vaccines
lose their effectiveness over time, causing people to lose their
immunity. (iv) A person who has been infected recovers after
therapy. (v) No long-term recovery is possible. (vi) The pop-
ulation has a homogeneous combination. (vii) For Omicron,
the COVID-19 vaccinations are indicated. (viii) Vaccine can
be given to isolated people. (ix) Individuals who have been
separated may pass out as a result of their isolation.

In the model, we are going to use the following notations
given in Table 1.

Considering the given aspects, the integer-order mathe-
matical model is derived as follows:

ds

E = A —SnS - ,U»SSI +er+IOUV’

dE

E =usSI — 6 +k+vyi+6)E,

dl

EZViE_(8n+8€+Vr+f+wc)Iv

do

E =kE+ 1l +§qlc —(r + 1m0 +68,)0,
dil.

E =6.FE — (é'q + Ve + Cw + Sn)le,

dR

E =01 +y0+ vyl — (8 + pr +ay)R,
dv

E = T]UQ + oy R — ((Sn +,OU)V,

dw
? = ol + é‘wlc — 6, W, @

with the initial conditions S(0) = Sp, E(0) = Eg, I1(0) = Iy,
0(0) = Qo, 1.(0) = I¢y, R(0) = Ry, V(0) = Vo, W(0) =
Wo.

2.1 Fractional-order model formulation

In the integer-order systems, the fading memory crossover
effects and some others, like a random walk, cannot be cap-
tured. It means the classical systems do not contain memory
because classical derivative operators are local and can-
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Table 1 Parameters and their

descriptions Parameters Descriptions
A The rate of human recruitment into the community
s High seductive contact rate between the susceptible and sick people
ay The rate at which a given part of the recovering population is vaccinated
Sn The average death rate across all classes
Or The rate of losing medication immunity by recovered class
Ov The value at which the immune system of the vaccinated compartment deteriorates
Se The death rate caused by infected people’s contamination
8¢ The rate at which exposed people progress from unconfirmed to confirmed class
vy Because of several components, the regular recovery rates
T The diseased class’s treatment rate
g Between confirmed and isolated people, there is a high rate of effective contact
Ny Rate of getting vaccination of a specific part of isolated individuals
Ve The rate at which a particular subsection of confirmed people transitions to the
recovered class
Vi The rate at which a particular subsection of exposed people becomes infected
Vr Contact rate between infected and recovered classes
Cw Contact rate between the Confirmed people and reservoir
W Contact rate between the infected people and reservoir
k Rate at which exposed people move to isolated class

not express the physical nature of the model efficiently.
To overcome these drawbacks in our case, we consider a
fractional-order model in this section.

Firstly, we recall the following definitions from fractional
calculus.

Definition 1 Let W be a continuous function on [0, 7T']. The
Caputo fractional derivative is given by [36]

Cnd 1 ! n—5—1 da"
D°W(r) = m[) (t—a) w\lj(t)(()l)da, 2)

wheren = [§]+ 1 and [§] represents the integer part function.

Definition 2 The Riemann-Liouville fractional integral is
given by [36]

W) = L/Z(t — o) "W (@)da. 3)
') Jo

We have mentioned that the classical models do not con-
tain memory because memory effects can only be better
captured by using fractional-order derivatives. Therefore, the
corresponding model of fractional-order differential equa-
tions in the Caputo sense is written as follows:

CD’S = A =858 — ST+ p°R + 02V,
“D°E = ulSI — (¢)E,

‘DI =y E - &I,

‘DO =KE+1+)1.— (&)0,

DI, = 8°E — (&a) 1,

D’R=v1+y0+vl.— ()R,

DV =ndQ +aiR — (5)V,

DW=l +251.—8W, 4

where &) = 83 +k°+y) +6),8 = 8)+80+v) +70+0l, &5 =
ye+md 460,60 = 0+ S+l 460,65 = 8} + p +of and
£6 = 82+ pJ. The notation © D® denotes the Caputo derivative
operator with order §. The model is defined subject to the ini-
tial conditions S(0) = Sy, E(0) = Eg, 1(0) = Iy, Q(0) =
Qo, 1c(0) = Iy, R(0) = Ro, V(0) = Vo, W(0) = Wy
(Fig. 1).

3 Qualitative analyses

Here we derive some important analyses to explore the
characteristics of the proposed Caputo-type fractional order
model.

3.1 Positivity and boundedness of the model

To check the non-negativity of the solution, we define RS =
{UeR¥|U=0} and U@) = (SO), EQ), 1), Q(1),
1(t), R(), V (1), W()"

We recall the generalized mean values theorem.
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Fig. 1 Network of the model

Lemma1 Let U(t) € Cla,b] and CDU(t) € (a, b), then
U = U@ + 55 (CDIU) () — @)’ witha < ¢ <
t,Vt € (a, b].

Corollary 2 LetU(t) € Cla, bland? DEU(t) € (a, b] where
6 € (0, 1]. Then, it is clear from Lemma 1 that if‘sDtCZ/{(t) >
0,Vt € (a, b], then the function U(t) is non-decreasing, and
if*DEU(t) < 0,Vt € (a, b], then the function U(t) is non-
increasing for all t € [a, b].

To justify the non-negativity of the solution, it is necessary
to show that the solution on every hyperplane bounding the
positive orthant, the vector field points to Ri.

Theorem 3 [fS(0), E(0), 1(0), Q(0), 1.(0), R(0), V(0), and
W (0) are positive and bounded in R+3, then S(t), E(t),
1(1), Q(1t), I.(t), R(t), V(t), and W (¢t) are also positive and
bounded in R+ for all t > 0.

Proof From model (4), we get

“D}S(t)s=0 = )R+ PV =0,
CDYE(t)=0 = pndSI > 0,

“DI(t)1—0 =y E > 0,

D} Q1) g0 = KE +1°1 + 1. > 0,
“D}I1.(t),—0 = 8JE = 0,

CDIR(Mg=0 = v+ 7} Q0+ Vil >0,
“D)V(t)y=0 =n,Q + )R > 0,
CDYW () w=o = &1 + ¢} 1 >0,

@ Springer

Therefore, applying Corollary 2, we get that our solution is
nonnegative and will lie in the defined feasible region.
By adding the equations of the model (4), we get

CDIN = A°—(SHE+I+Q+I4R+V+W)S -81, (5)

which gives CDfN <A*—N 82. Thus, by taking Laplace
transform we get

) (-1

N <—+NO)——.
() = s(s® 4 83) ( )s‘3+8;§

(6)

By taking inverse Laplace transform and solving, we get
B

lim N(t) < —.

1—>0o0 n

(N

Then it follows the positivity and boundedness of (4) for all
t>0. O

3.2 Existence of steady state solutions
The model (4) is static, i.e., the time independent solutions

exist. The steady state solution in the infection-free state,
when I = 0, is derived by

E)= (" E® 1% 0° 17, R°, VO, ")
Ab‘
= (8_‘3 0,0,0,0,0,0, O) . 8)
n
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In the presence of infection, i.e., I # 0, the steady state
solution is derived by

Ey=(s"E. 1. 0" 1}, R". V!, W), )

s Lo

where

y_%<aA%%hﬁmz )

vi \ud (€16 — pdy? T — v G)

g &b ( Audy) - 8h6i16 )
wy? \ e —pdy’y —yiG) )’

Audy) — 83615

1
r= w(E1& — pdvi 1 —v)G)
o' — £k + T84y + £)806 < Nly) - 8616 )
E3&4y? wd(E1&2 — Py T —vPG) )’
o= 5‘3% ( Ny — 81616 ) ’
g4y \ 1l (8162 — P2y T — v2G)
ol riaE v (06 T8 + G86) + 66
V2 E3EaEs
Ay} — 5616
(/L?(Elég -0V — V,-SG)) ’
. my Es(E28a + T0&y) + L0826)
E3E4y&s
+ai[vé V2636 + 1 (5260 + T5ay) + ()8262) + 18062531
£3£47 &5
Ay — 5816
(Mf(éléz —pbyP - V,-BG)> ’
Wl — YewlEs + ¢5856, ( Auly) — 8015 )
8yie, 1 (€& — pdy’ T —v'G) )’
with
VIVPEE + v (8280 + T8y + £0008) + v 82825
B Vi &38485 ’
G- &5 (E26a + T84y + ¢80E)
58470 s
+aﬁ[vf VO + v (E2ka + T08ay) + ¢08082) + v 526283 .
£35ay08s

The fundamental reproduction number R is calculated by
next generation matrix method [37,38]. Hence, Ry is given
by

Ro(GV™H

- Ay} (10)
8385 + kD + yP + 82) (88 + 82 + v8 + 78 + o?)

When Ry < 1, contaminations are disappearing from the host
population. However, if Ry > 1, the contaminations harm
and become endemic, likely to require appropriate clinical
treatments to halt the disease’s spread.

Theorem 4 The disease-free equilibrium Eq of the proposed
model (4) is stable if Ry < 1 and unstable if Ry > 1.

Proof To derive the stability analysis of the disease-free equi-
librium points, we consider the linearization of the given
model at any equilibrium point (S°, E°, 10, 00, 10, RO, VO,
W9 as follows:

Cpis =A% =858 — 1SS T — 1SI + PR + SV,
“D°E = pdS*I + udSI* — (6))E,

DI =y'E - &I,
‘DQ=KE+I+¢)1.— (8)0,

Dl = 82E — (&),

D’R=v1+y'Q+ vl — )R,

D’V =n)0+a)R — &)V,

DW =141 —8W. (11)

Using the Laplace transformation on both sides of above
system provides

SEIS©1-27180) = A = BCIS©)1 — S IF G IS$)] — pdS*C [ (5)]
+oXC R+ pdE TV (5)1.
SEIES] =T EO) = S C1S6)] + piS* € U ()] - ENEIEG)),
LU= 5710) = PEIES] - E)EUG).
S0 - s57100) = BCIES]+ PP C 1)) + L C ()] - E)E 1G],
SEUg =57 g (0) = FIE®] - EDE [Ue(9)],
SERE] - TIRO) = VECUGI+ P 1O + ¥EC e ()] — E)E[R()].
SEWVE1-27V0) = 101+ e E RG] - E)E V)],

SEWE] = P7IW©0) = BT+ C U] = 836 W ()], (12)

where  C[S(s)], CLE(s)], €1 ()], C1Q ()], €1Ls)],
CIR(s)], €[V (s)], and €[W(s)] are the Laplace trans-
formations of S(z), E(¢), I(t), Q(¢t), I.(t), R(t), V(¢), and
W (¢t). The proposed system (12) can be rewritten by

A(s) - [LISG)ILIE(S)ILII(s)ILIO(s)]
[LII:()ILIR(S)ILLV ($)IL[W (s)]]
= [vi(s)v2(s)v3(s)va(s)vs(s)ve(s)v7(s)vg(s)],

where
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vi(s) = s°715(0), To find the existence of solution, a Banach space is defined
va(s) 256_1E(0)a as B = B; x By X B3 X B4 X Bs x Bg x B7 x Bg,
v3(s) = s°711(0), where B; = C([0,T]), i = 1,2,....8) under the norm
va(s) = 5~ 0(0), Il =11 (S, E. 1. Q. Ie. R. V. W) || =max,eio.1[IS()]. |E(®)],
vs(s) = 5" 1c(0), LD, 10D, (D], IR@)], [V @), [W(@)I].

vs(s) = s°~'R(0), Let Z: A — A be an operator defined as follows:

v7(s) = s°~'V(0),

vg(s) = s°~1W(0),

Cs8 480+l 0 wist 0 0 —p —pb 0 7
—ubrs S g —ulst 0 0 0 0 0
0 -y} $$+& 0 0 0 0 0
_ ) _#8
As) = 0 ks ° P+ & b 0 0 0 ’
0 —57 0 0 s°4+& O 0 0
0 VA VL N L N S 0
0 0 0 —nd 0 —al $04+& O
i 0 0 - 0 =5 0 0 s°+8 ]
which is a characteristic matrix of system (12). Now, the
characteristic matrix of the given system at disease-free equi-
librium (DFE) Eg = ({;\_; 0,0,0,0,0,0, O) is given by
Fs8+80 0 wist 0 0 —p0 —p5 0 7
0 s%4+& —uls* 0 0 0 0 0
0 -y s°+& 0 0 0 0 0
% I B )
As) = 0 ks 0 5%+ & ; g 0 0 0
0 -8 0 0 s°4+& O 0 0
0 0 = -y S e 0 0
0 0 0 —n’ 0 —ad s°+& 0
L 0 0 - 0 =z 0 0 s+8 |
The eigenvalues are —85, —85, 1( — & — &— L
_ L o Ne—1
\/%—12 +4M§S*Vi8 — 26186 + %-22), %( — & - &+ ZU)(@) =Zoy + To) /0 (t — ) H(o, U(x))da.
2 8 Qa8 AV _ — —
\/.él + 4’uStS Vi 42&?2 +t$2b)1’ 53 il §4, —&s, —&6. The Using the Riemann Liouville type integral, Eq. (13) solved
given system (4) is stable when —& — & + o © U@ = Uy + ﬁfé(f — ) "H (o, U(a))de
JE sty - 2606 + 8 < 0 o where
2 8 g8 2 2 8 g, 8
\/El + 4I'LyS y[ 2%‘1“::2 + Sz < (El+§2) OrE] +‘S4I;LY5S Vl‘ S(I) — SO + ﬁ f(;(t _ Ol)a_lH(Ol, S)dO(,
2616, +E7 < (E1+E)2 orudS*y) < f16, e, "SEIS&V" <1 E(1) = Eo + w5 Jo (t — )’ " H(e, E)da,
That is Rp < 1. Clearly, infection free steady state EO I(t) =1y + ﬁ fot(t — o) "H(x, Dde,
is locally asymptotically stable if Ry < 1 and unstable if 0(t) = Qo + ﬁ f()t(t — ) "H(a, 0)da, "
Ro > 1. O L0 =1~ oty o~ 0P M, Lode, Y
. , R(®) = Ro + 57 Jy (t = )*~ " H(e. R)der,
3.3 Existence and uniqueness V) = Vo + ﬁ /0; (t — @) " H(a. V)da.
— ot NS—1
The system (4) can be written in the form: Wi(t) = Wo + @) fO (t —e)* M, W)da,
C s with
D°U(t) = H, U@®), 0<d§<1,
U(0) = Uyp. (13)

@ Springer
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H(t,S) = A® — 838 — ubSI1+ pd R+ plV,
H(t, E) = ndSI — (§DE,

H(t, 1) =y E — (&)1,

H(t, Q) =k E+7°1 + 1. — ()0,
H(t, 1) = 8JE — (&) L.,

H(E, R) =vil + 20 +y2l. — (&)R,
HE, V) =150 +adR — (£6)V,

H(t, W) = 1 + 31 — 85W.

(15)

The following theorems show the existence of a solution.

Theorem 5 Let S(t), E(¢), 1(t), Q(t), I.(t), R(¢), V(t) and
W(t) be nonnegative bounded functions. Then the system
(15) satisfies Lipschitz condition are contraction mappings,
if the following condition holds, 0 < N = max{Fy,, Fx,,
Frs Fry Frse FHe FHy Frg) < L, the functions are
contractions.

Proof Assume that S(¢), E(t), I(t), Q(t), I.(t), R(t), V()
and W (¢) are nonnegative bounded functions. That is, there
are some positive constants i, B2, B3, B4, Bs, Bs, B7, Bs»
suchthat |S(®)Il < B1, [EO| < B2, (DI < B3, 1O <
Ba eI < Bs, RO < Bo, IV < B7, IWDI <
Bs-

Considering the function H(e, S), for any S and S;, we
can get

IH (e, §) — Hlo, SO = |85 (S — S») + ul1 (S = S|
< |8 s =S|+ [l s -5
< B+ 12O 1S = Sul

< (8 +u2p3) IS — Sull
< Fp, IS = Sill- (16)
where Fy, = 8,‘2 + Mf,Bg. Hence, H(a, S) satisfies the
Lipschitz condition. Similarly, we can find Fp,, for i =
2,3,4,5,6,7,8 so that H(x, S), H(a, E), H(e, I), H(x, Q),
H(e, 1), H(a, R), H(a, V), and H (o, W) satisfy the Lips-
chitz’s conditions.

Also, when the condition 0 < N = max{F;,, Fr,, Fr;»
Frys Frs» FHg» FHy» FHg} < 1 holds, the functions are
contractions. m]

Equation (14) can be formulated as follows:

Su(t) = So + 55 Jo (t — @)* " H(@, S, 1)da,
En(t) = Eo + w55 Jot =)’ "' H(e, E,—1)de,
Li(t) = Io + 55 Jo (t — )’ "' H(, I -1)da,
0u() = Qo + 15y Jo (¢ — )* " H(er, Qp—1)der,
Ie, () =1 = co + w55 Jo 0 =)’ ' H(@, I, ))der,
Ru(1) = Ro + 57 Jo (t =)’ " H(ar, Ry—1)da,
Va(t) = Vo + 5 Jo (t = @)’ H(@, Vpm1)der,

Wa (1) = Wo + 157 Jo ¢ = @)~ H(e, W, 1)dar.

Un(t) =

The provided initial conditions establish the first elements
of the given equations. The contrast between two terms is
expressed by

W, (1) = Su(0) — Sa1(0)
1 t
-5 /0 [H(@. Su_1) — H(c, Su_2)] da.
W, (1) = En(t) — En-1(0)
1 t
-5 /0 [H(e. En1) — Hia, En_y)] der
"113,, (t) = In(t) - Infl(t)
1 t
~ 7 | P10 =@ 5,)] de
Wy, (1) = Qu() — Oni (1)
l t
-5 /0 [H@. Qu_1) — Hi@. On_2)] da.
s, (1) = Lo, (1) — Io,_, (1)
1 t
= m /0 [’H(a, I, ) — H(a, Icnfz)] da,
W, (1) = Ro(1) — Ryt (1)
1 t
- /0 [H(e. Ru_1) — H(a. Ry_)] da.
Wy, (1) = V() — Voot (1)
1 t
-5 /0 [H(@. Vu_1) — Ha. Vo_2)] da.
W, (1) = Wa(1) — W1 (1)

l t
-5 /0 [He. Wo_1) — H(a. W_)] da.

where
Sp(@) = D1 oWy, (1), En(t) =31 W, (1),
U (e) = L) =Yg W3, (1),  Qu(t) =30 Wa, (1),
" I, (1) = Y1 Ws, (1), Ru(t) = Y1 We, (1),
V() = Y 0o Wr,(1), Wu(t) = 30 Ws, ().
(17)
Consider

[, @] = 11S:(@) = Sp—1 (D)
1 t
-5 /O [H(ct, Su1) — Hlet, Su_1)] de

t
_ %/O 1Su_t — Su_all dar

ﬂ t
— 2 [ w0 de.
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Hence, we can get

|wi, ()| = / |wi, ()| dafori =1,2,...8. (18)

F(c?)

The system (17) exists and smooth.

For, we have that the functions S(¢), E(t), 1(t), Q(t),
I.(t), R(t), V(t) and W(r) are bounded and all ker-
nels H(t, S), H(t, E), H(t, I), H(t, Q), H(t, I.), H(t, R),
‘H(t, V) and ‘H(¢, W) fulfill Lipschitz’s conditions; thus, we
get the following relations:

[, <usO1| e e 0] < 1EO | r’ig)rH"
[ws, 0] < 11O Hm) - e 0] < 100 | e
[ws, 0] < 101 | &5, 96, ®] < 1ROI | £5 H
[wr, 0 < 1vo || 9,0 < 1wol | £

ol
19)

The system (19) shows the existence and smoothness of the
function defined in (17).

Theorem 6 Let Z : A — A be completely continuous and
let H : [0,T] x A — R be continuous and there exists a
constant Fyy > 0 such that for U, Uy € A,

is hold. Then there is at least one solution for the considered
system (4).

Proof To prove the operator, Z is completely continuous.
The sequence {U,} converges to U € A. After n-iterations
define the remainder terms as D1, (t), D2, (t), D3, (t), Da, (1),
Ds, (1), De,(t), D7,(t), Dg, (1), such that

8@) = 8(0) = Su(t) — D1, (1), EQ@) — E0) =

(1) = 1(0) = 1,(t) — D3, (1), Q1) — Q(0) = Q1) — D4, (1),
Ic(t) = I.(0) = I, (t) — Ds, (1), R(t) — R(0) = Ry, (t) — De, (1),
V() = V() = Va(t) — D7,(), W(t) — W(0) = Wy (t) — Dg, (1).

En(t) — Do, (1)

Using triangle inequality along with the Lipschitz condi-
tion of H(¢, S), we obtain:

1 t
|D1, 0| = ™™ /0 [H(a, $) — H(a, Sy—1)] da
s—rﬁ‘ IS — Sy il 2.
(5)

Using the above process recursively, we get

n+1

B1.

Cy

o0l = | 55

t
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Then, at 1y > 1

n+l

1D, < ‘—to 1.

INE))

Taking limit as n tends to infinity, we get

lim | Dy, ()] < lim ‘—m (20)
n—oo n—0o0

')

For %to < 1, Eq.(20) becomes lim,,_; o ||D1n(t)|| =0
Similarly, as n tends to infinity, we can get || D; (1) || — 0.

Hence, for ¢t € [0, T'], we have S, (t) — S(t) as n — oo,
and therefore,

1
1Z2(Sw) — 2 = T e

/ (t — o)’ H(a, Su(@)) — H(et, S(e))|de,

].'
— ISy — S|li—
< r(a) I lr=10,7]
T5
/(z—o& o < 4T s, ).
0 TG+ 1)

Since S, — S, [|Z2(Sy) — Z(8)|| = 0asn — oo and
hence || Z (U,) — Z(U)|| = 0 as n — oo. Thus, Z is con-
tinues. Let a bounded set M C .A. Then by definition of
A, [H(t, U@®))| < Ly, L4 > 0,YU € M. Then for each
U € M, we can obtain

1 ! 5—1
IZW)N < 75, max. /0 (1 — @) H(e, Z(e))|dar
F)
I'(8) t—10,7] ré+1)°

Thus, Z is uniformly bounded. Further, suppose 0 < #, <
t1 < T.Then

I1Z2W) @) — ZW) ()|l

n [5)
/ (11 — )’ da —/ (tr — )’ 'da|,
0 0

< H max |tf—t§|—>0aszl—>t2.
I'(6+1)t—[0,T]

H
< —— max
() t—[0,7]

Thus, Z is equicontinuous. Z is compact, and hence, it
is completely continuous because of the continuousness and
boundedness, it. Let ¥ = {U € A : U = pZU),p €
[0, 17}, we need to confirm that W is bounded. Suppose U €
W, say S, then for ¢ € [0, T], we have:

. P ! o Ne—1
”S”—ti‘}%,"n{r(a) fo (t —a) H(mS(a))da}

SEH

< s max / (t —oz)‘s_lda < —.
') 70,71 Jy ré+1
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Fig.2 Exposed E(¢) and infected I (f) people against time ¢ in the data of Tamilnadu

Q(t)

Fig.3 Isolated Q(r) and recovered R(¢) people against time ¢ in the data of Tamilnadu
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Fig.4 The infected /() against time ¢ for the districts Chennai and Chengalpattu of Tamilnadu
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Infected people I(t) against time t-Coimbatore
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Fig.5 The infected /(¢) against time ¢ for the districts Coimbatore and Vellore of Tamilnadu
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Thus, the operator is completely continuous. The set W is also
bounded. Therefore, Z has at least one fixed point [39]. So,
the considered system (4) has the same number of solutions.

O
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Theorem 7 If%t < 1,fori =1,2,...,8, then the system
(4) has a unique solution.

Proof Assume that {S,(t), E,(), 1,(t), Q1(), I (1),
Ry, (1), Vy,(¢), Wy, ()} is another set of solutions of the sys-
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Fig.8 Stability of the given Omicron system against time t in the four districts Coimbatore, Chennai, Chengalpattu and Vellore of Tamilnadu

Table2 Omicron status across
the districts of Tamilnadu as on
March 11, 2022

Descriptions Tamilnadu Chennai Coimbatore Chengalpattu Vellore
Positive cases 3,451,710 750,606 329,778 235,295 54,943
Discharged 3,412,226 750,520 329,737 235,260 54,930
Deaths 38,023 48 51 5 2321
Active cases 1461 499 207 178 60
Positive cases on 11 112 42 13 12 4
Recovered on 11 327 86 41 35 13
Vaccinated on 11 60,128 3373 2083 3713 2667

tem (4); then,

1 1
1S —Sv@®l = W/O [H(a, $) — H(e, Sy)] dex

(

Thus,

-
r'()

B1
= %t"S(Z‘) - Sy@®l.

) [S@) = S1()Il < 0.

21

Since %t < 1fori = 1,(21)becomes || S(¢) — S, (1) || =
0.

Hence, S(r) = S,(¢). Similarly, for i = 2,3,...,8,
we can get E(t) = E,(t); I(t) = L,(); Q@) =
Qv(1); I, (1) = I, (1); R(1) = Ry(1); V() = V(@)
W(t) = W,(t). Hence, the system (4) has a unique solu-
tion. O

4 Numerical analysis

In the second wave of the corona virus, India experienced a
high infection rate. We have gathered data from Tamilnadu,
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Fig. 10 Stability condition of the Tamilnadu against time ¢ with various §
India for our study [40]. The first case of the Omicron strain of On December 29, when 739 people tested positive, the

SARS-CoV-2 by a traveler from another nation was reported ~ number of daily cases began to rise, quickly reaching over
in Tamil Nadu on Wednesday, December 15th. Tamil Nadu 10,000 on January 8. In the initial wave, it took 58 days for
has been infected with the highly transmissible and fast-  the daily count in the state to rise from 1000 to nearly 7000
spreading form of SARS-CoV-2 just three weeks after the  cases. It took 26 days for the cases in the second wave to rise
first confirmed Omicron case was reported. from 1000 to over 7000. The number of cases reached 36,000

after another 38 days. The daily instances, on the other hand,
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Fig. 12 Recovered range about various reproduction numbers 0.66, 0.92, 0.63 and 0.06 in Chengalpattu and Vellore districts

have only taken 7 days to increase from 1000 to 7000. Chen-
nai has quickly become a hotspot, fueling the growth. Due
to the high caseload, Chengalpattu, Coimbatore and Vellore
are the other areas of concern. Whole genome sequencing
revealed that 99.9% of the samples were of the Delta vari-
ant in the last three months. Earlier, it was 65% Omicron
and 35% Delta due to the fast changing situation. Accord-
ing to a statement released by the Tamil Nadu public health
department, the BA.2 sub variation of Omicron was found
in 18.4% of the samples sequenced in the state from Jan-
uary to March 2022. On March 11th, the state of Tamilnadu
achieves a safe position against the propagation of Omicron
viruses and a death rate of zero [40—43]. Mathematica is used
to calculate the numerical solution using Adams—Bashforth—
Moulton scheme. The values of the variables and parameters
are listed in Tables 1 and 2.

The solution for (4) demonstrates that it is unstable locally
and will never become stable when Ry > 1, as shown in
the figures. The steady state solution becomes stable when
the contact rate is controlled and the vaccination class is

increased when Ry < 1. We conclude from all of the data that
if the number of isolated, recovered, and vaccinated people
increases, the host community will be safe from the Omi-
cron variant. We also discovered that if the intercessions are
strictly followed, the spread of the second wave of SARS
Cov-2 Omicron variant is reduced.

Figures 2 and 3 describe the visualization of the impact of
Omicron variant in the susceptible individual, infected indi-
vidual, isolated individual and recovered individual against
time t in the overall state of Tamilnadu.

Figures4 and 5 illustrate the infected individuals against
time t in Tamilnadu’s four districts. Because the government
increased the number of quarantine and vaccination facilities,
the number of infected people has decreased significantly.

Figures 6 and 7 describe the exposed, confirmed, vacci-
nated and the reservoir rates of the host of human population,
respectively, against the time t in the state of Tamilnadu.
Figs.2 and 6 show how persons in Tamilnadu were infected
and confirmed with the Omicron variant in the beginning
and recovered by the end of March 11th, 2022. It is obvious
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Fig. 13 Isolated, confirmed, recovered and vaccinated people of four districts for the given data when § = 1

from Figs. 2 and 6 that once the exposed population increases,
all other compartments increase as well. Due to the loss of
immunity, we see a newfound availability of susceptible indi-
viduals after nearly 50 days in our model. In addition, if there
is an increase in isolated and vaccinated classes, a disease-
free field will exist after 80 days when § = 0.97.

The stability of the Omicron mathematical model for the
four districts of Chennai, Coimbatore, Chengalpattu and Vel-
lore is depicted in Fig. 8. During the Omicron period, which
runs from December 25th to March 11th, 2022, the people
of these four districts have a high rate of illness. When peo-
ple were vaccinated according to government instructions,
the infection rate progressively decreased to a low level.
From the fractional-order simulations, we notice that accord-
ing to the various fractional-order cases, the infection can
take more time to disappear from the population compared
to integer-order observations. The biological reason for such
delay in disease control can be not following the quarantine,
not taking the vaccine, or not using basic protective controls.
Integer-order derivatives can’t capture such effects.

According to Table2, as of March 11, the number of
infected people in these four districts has decreased to 42,
13, 12 and 4 in the districts of Chennai, Coimbatore, Chen-
galpattu and Vellore, respectively, based on RT PCR sample
tests 3233, 1233, 1286 and 1017, with no death.
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Figure9 describes the relation between the rates of
infected, isolated and recovered people in the infection period
of Omicron in Tamilnadu state.

Figure 10 demonstrates the stability graph representation
of the constructed model in the host population in Tamilnadu
with various order of §. Figure 10 shows that when the Omi-
cron variant was first discovered, its spread was rapid, and
when the government implemented quarantine and vaccina-
tion at a high rate, the variant’s spread was reduced to a safe
level. On March 11, 2022, the state of Tamilnadu discovered
that no one had caused the death of Omicron. COVID-19
vaccinations helped people avoid infection with the SARS
CoV-2 Omicron variant.

Figures 11 and 12 describe the recovered rate of the four
districts Chennai, Coimbatore, Chengalpattu and Vellore
according to the corresponding reproduction numbers 0.66,
0.92, 0.63 and 0.06.

Figure 13 describes the isolated, confirmed, recovered and
vaccinated individuals rates of the four districts Chennai,
Coimbatore, Chengalpattu and Vellore.

We can observe from Fig. 13 and Table 3 that the infected
rate decreases and the recovered rate increased after a rapid
spread over a short time with the reproduction number Ry <
1. As a result, the system in the four districts, as well as the
entire state of Tamilnadu, is stable.
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Table 3 Values of the variables

Parameters Tamilnadu Chennai Coimbatore Chengalpattu Vellore
S(0) 42,241 3233 1233 1286 1017
E(0) 42,132 3118 1114 1215 936
1(0) 1461 499 207 178 60
0(0) 2542 744 353 286 168
1.(0) 112 42 13 12 4

R(0) 327 86 41 35 13
V(0) 60,128 3373 2083 3713 2667
W(0) 2712 821 365 412 224

A 5 5 5 5 3

s 0.0346 0.1543 0.1679 0.1384 0.0590
oy 0.0054 0.0255 0.0197 0.0094 0.0049
Sn 0.0650 0.0870 0.0900 0.0650 0.0690
or 0.0077 0.0266 0.0333 0.0272 0.0128
P 0.0070 0.0096 0.0059 0.0035 0.0038
3¢ 0.0006 0.0002 0.0002 0.0001 0.0422
3¢ 0.0027 0.0135 0.0117 0.0099 0.0043
vy 0.2238 0.1723 0.1981 0.1966 0.2167
T 0.5747 0.6707 0.5864 0.6224 0.3571
g 0.0441 0.0565 0.0368 0.0420 0.0238
Ny 0.0423 0.2206 0.1695 0.0770 0.0630
Ve 0.3425 0.4884 0.3171 0.3429 0.3077
Vi 0.0347 0.1600 0.1858 0.1465 0.0641
Vr 0.0447 0.0580 0.0505 0.0509 0.0462
Cw 0.0004 0.0005 0.0004 0.0003 0.0002
e 0.0054 0.0061 0.0057 0.0043 0.0027
k 0.0603 0.2386 0.3169 0.2354 0.1795
Ro 0.0131 0.6634 0.9221 0.6330 0.0597

5 Conclusions

In this research, a novel epidemic fractional-order mathemat-
ical model for Omicron B.1.1.529 SARS-Cov-2 Variant was
developed with eight compartments and important param-
eters. The data acquired from Tamil Nadu and several of
its districts, together with our mathematical model, suggest
that the Omicron variant infection has stabilized after a few
months. This model outperforms other mathematical mod-
els by taking into account the nonlinear force of quarantine,
vaccine, infection and care, as well as the right inclusion of
valuable parameters. The principles of reproduction num-
ber calculated with this model are an outbreak threshold
that determined whether or not the disease would go further
in Tamilnadu where Ry < 1. The fundamentals of pos-
itivity, boundedness and the existence of unique solutions
have been examined and validated. There are infection-free
steady-state solutions that are asymptotically stable when
Ro < 1. Finally, the current Omicron variant pandemic data
of Tamilnadu, India, are validated. In the fractional-order

simulations, we have observed the possibility of delay in the
decrement of Omicron cases. The biological reason for such
delay in disease control can be not following the quarantine,
not taking the vaccine, or not using basic protective controls.
Such effects could not be captured by using integer-order
derivatives.

In the future, the proposed model can be considered to
forecast disease outbreaks for any other real data. Also, the
same model can be generalized by using several other frac-
tional derivatives.
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