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1. Introduction

On 31 December2019, the World Health Organization (WHO)
confirmed a new coronavirus in Wuhan City, Hubei Province,
China [1,2]. The international committee on virus taxonomy
designated (SRARS-CoV2) as a coronavirus causing severe
acute respiratory syndrome [3.4]. Initially, it was traced out
in Wuhan city of China and after that moved to other nations
of the world so rapidly proved itself contagious. Concerning its
origin, there are various arguments. Some called bats [5,6], and
some considered the seafood market [7] as its origin. A signif-
icant reason for its spread is international traveling of any
form [8]; thus, immigration has the most prominent role in
spreading. The non-human origin of 2019-nCoV as many
infected cases confirmed their presence in local fish and wildlife
markets in Wuhan [9,10]. Many researchers suggested its
human-to-human transmission [11,12]. A brief history of these
patients revealed that they worked in the livestock market.
Reportedly, some were severely infected by the attack of pneu-
monia and indicated early symptoms of the disease on Decem-
ber 8, 2019. On January 7, 2020, Chinese establishments
figured out the causative agent behind this pneumonia and
named it SARS CoV-2, a new addition to Coronaviridae.
COVID-19 is the clinical designation, and on March 11, the
WHO declared a global pandemic as the agent responsible
for the outbreak [36]. Since then, the death toll surged up to
0.2 million; however, infected were calculated about 3 million
in number. Coronavirus diseases are zoonotic, meaning they
can be transmitted from animals to humans [37]. Symptoms
may vary from mild (common cold) to severe (severe acute res-
piratory syndrome) and (Middle East respiratory syndrome) as
caused by other members of SARS, MERS- CoV [38]. Trans-
mission of these viruses is considered from animals to humans
and from humans to humans. The former is unknown. How-
ever, some researchers affirm that this transmission could be
possible through secretions of the animal body either from
the digestive or from the respiratory tract. Later, through
direct or indirect contact of an infected individual to the
healthier one [39]. Modeling is a versatile field of mathematics
that relates the physical phenomenon to calculated deduction,
hence, improving learning. Nowadays, health agencies world-
wide collect data related to death and recoveries, the number
of testing individuals, symptomatic, asymptomatic people
due to coronavirus, and publishing it daily. This stage of cal-
culation required an appropriate modeling procedure that
awards accuracy to the data compilation. For that purpose,
low and high dimensional models are most recommendable
to study and forecast pandemics as the previous one dealt with
the minimal compartments and later with maximum parame-
ters [40]. Several models on the COVID-19 have been pub-
lished to provide the best information with high precision, as
presented in [41-45]. This SIR model was chosen because it
simulates the maximum number of COVID-19 patients and
the time required to reach pandemic levels. Currently, this pan-
demic destroyed health, economic and industrial sectors and
confined the society in their residences throughout the world.
Scientists perceive many ways and are continually working
to contain and cure the virus and ensure the safety of ordinary
people as much as possible. Individuals who suffered from this
disease experienced mild to severe respiratory disorders along
with aches, pains, nasal congestion, sore throat, diarrhea,

etc. [13] depicted the involvement of mathematical models in
solving real-life issues, especially infectious disease transmis-
sion dynamics. Recently, these models are modified and
extended to non-integer order and non-local derivatives of
fractional disorders that enable them to predict precautionary
measures to ensure the safety of maximum people. Addition-
ally, these models are a reliable source of strategy formulation
to control and eliminate diseases from society like COVID-19.
Shereen et al. [13] studied the characteristics, region, and trans-
mission of coronavirus in the human population. However,
Tahir et al. [14] investigated middle east respiratory syndrome
(MERS) due to coronavirus in humans. In [15], Zhao et al.
applied mathematical modeling to study the dimensions of
the coronavirus pandemic. Shim et al. [16] extended their work
by investigating the transmission dynamics of 2019-nCoV in
South Korea. In [17], predict some containment strategies
through mathematics and determine artificial intelligence
structure for data-driven predictions of 2019-nCoV, respec-
tively. Chen et al. [18] developed a mathematical model for
the transmission of COVID-19. The methods which enable a
reliable prediction of COVID-19 will thus be of considerable
benefit for convincing public opinion why such measures
should be adhered to in the last decade. In evaluating their
potential future effects, the modeling of viral diseases such as
COVID-19 is extremely significant. Artificial Intelligence (AI)
techniques have the potential to lead to the development of
high-quality predictive models. New mathematical models
are developed that could be used for simulation to predict
the future actions of the spread. Only a few models have been
proposed for COVID-19 propagation and are being used for
decision-making. In a recent study, Ndairou et al. [19] devel-
oped a self-contained system of mathematical models to inves-
tigate the spread of COVID 19 in Wuhan, China. Prem et al.
[20] examined the status of COVID-19 in Wuhan. In another
analysis, the transmission dynamics of COVID-19 were ana-
lyzed by Mizumoto and Chowell [21] on the international ship-
ping company Diamond Princess Cruises Ship. Hellewell et al.
[22] identified the successful COVID-19 isolation technique.
Kucharski et al. [23] proposed a mathematical model-
basedCOVID-19 analysis, in which the authors considered
all positive cases in Wuhan, China, until March 5, 2020. A
big parameter to examine the essence of an infectious disease
is the basic reproduction number. Liu et al. [24] examined
the prospective numerical value of the COVID-19 basic repro-
ductive number in their work. Fanelli and Piazza [25] exam-
ined and predicted the existence of COVID-19 with
mathematical modeling in three of the most affected countries
by March 2020. In recent research, Chakraborty and Ghosh
[26] also considered a hybrid ARIMA-WBF model that pre-
dicted the emergence of multiple COVID-19 countries glob-
ally. As the existence of and destruction of COVID-19
depends on the varying parameters of the environment (i.e.,
Personal immunity, history, preservation of the necessary
hygiene of the pandemic region, etc.), the entire disease envi-
ronment in the world cannot be defined using a single model
(see Fig. 1).

Deterministic modeling is one of the major innovations to
study the dynamics of infectious diseases like dengue, influen-
za, Spanish flu, HIV/AIDS, Zika virus, and COVID-19. Each
type of modeling could be extended with the utilization of the
idea of deterministic modeling. So, stochastic modeling is more
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realistic, probabilistic, and close to nature. In other words,
stochastic modeling is the true sense to study the dynamics
of infectious diseases and their results close nature of physical
phenomena. In this case, we considered the stochastic model-
ing of the coronavirus in the human population. Our primary
objective is to conduct a structure-preserving analysis on the
stochastic coronavirus model. That is the reason we are moti-
vated to study the non-standard computational analysis of the
stochastic COVID-19 model (see Table 1).

The following sections outline the paper’s flow: Section 2,
fundamental properties of the model is presented. In Section 3,
the model’s transition probabilities, parametric perturbation
and reproduction dynamics are presented. In Section 4, the
implementation of the well-known methods, stochastic non-
standard finite difference method, convergence analysis, and
comparative analysis of the stochastic model is presented.
Finally, the conclusion is presented in Section 5.

2. Formulation of the model

In this part, we studied the dynamics of a coronavirus in
humans with the case of the mathematical model in which
the human population is divided into three components of sub-

Table 1 Physical interpretation of the parameters.

¢ represented the convex incidence rate under the law of mass
action.

0 denotes the rate at which infected humans die due to
coronavirus.

o represented the rate of humans after recovery may become
susceptible.

u  the rate at which humans die from other diseases and natural
incidences.

B the rate of humans may recover from the infection due to
vaccination, hospitalization, social distancing, travel
restrictions, quarantine, etc.

b the rate of infected human’s immigrant to one location to
another.

Time-plot of the largest eigenvalue for the system (18-20) at the equilibria E,, and temporal step sizes & in [0,200].

populations as presented in [27]. Let us consider population
function, which is presented by N(f),7>0 as defined
N :[0,00) — . Also, the non-negative differential function
of each component of the population as S,/, R : [0,00) — Z.
The representation of the components of the human popula-
tion is described as S(t) (denotes the susceptible humans who
shall have the maximum probability to catch the fatal virus),
I(t) (denotes the infected humans who have convicted with
the virus), and R(t) (denotes the recovered humans who have
got the vaccination or delay strategies and due to their internal
level of immunity).
The model of the differential equations as follows:

S(1) =a—eSOI()(1 +yI(1)) — uS(1) + aR(1),¥1 >0, (1)
1(t) = eI()S(1)(1 4+ y1(1) = (B+ u+ 3 = b)I(1),¥1 >0, (2)

R (1) = BI(V) — (a4 W)R(1), ¥ > 0, (3)

Obviously, the identity N(¢) = S(¢) + I(¢) + R(¢) is satisfied
at all the time ¢ > 0. Let Sy, [, and R, are non-negative num-
bers that correspond to the initial sizes of each population
component. To put it another way, the conditions listed below
are met:

So = 5(0)710 = 1(0)7 T, = T(0)7R0 = R(O)7 (4)

2.1. Fundamental properties

The state variables described in Eqgs. (1-3) exhibits the non-
negative solution for all time t > 0 with non-negative initial
conditions.

Lemma 1. Forallt > 0, the S, I, R has unique solutions with the
given initial conditions and satisfy the inequality of boundedness
lim SupN(1) < “ [33].

[—00

Proof. After adding the system (1-3), the total population of
the model as follows:
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alvgaf,uNf(éfb)gaf,uN

dt

AN

< g—

T uN (5)
N(1) < N(0)e ™ +§ (6)

Thus, for any finite time interval, the solution of the system
(1-3) is bounded.

Lemma 2. The given region T = {S(),I(1), R(t)eR> : S(1)+
(1) + R(1) < 4} is positively invariant.

Proof. For infinity time as t — oo, the resultant of the system
(5-6) as follows:

lim supN(1) < &

1—00 /,l

Therefore, the set I' is positive invariant.

We now present the following lemma as discussed in [46] to
conclude this section.

Lemma 3: Consider the initial conditions as given in Eq.
(4). Then the solutions (S, I, R) of the system (1)—(3) are pos-
itive for all time t > 0.

Proof: Let us suppose that, S(0) > 0, 1(0) > 0, R(0) > 0.

Then from Eq. (1). we have

S =a—cSI(1+7) — uS+aR
S > —[el(1 + D) + 1S
=S =—[cI(1+y])+ ut+c
cI(14yD)+p]t

= S=¢xel

= S(1) = 8(0) x e N> 0

As S(0) > 0, therefore ’S” is the product of positive terms, is
always positive for any time ¢ > 0.

Similarly, we can have the following relations from Egs. (2)
& (3).

1(1) > 1(0) % e*[ﬂ“’[t‘#lj*b]/ >0

R(1) > R(0) x e” 1t >0

Hence the model solutions S, I, R satisfying initial condi-
tions, S(0) > 0, 7(0) > 0, R(0) > 0 are positive any time z > 0.

2.2. Model equilibria

The system (1-3) admits the following equilibria as:
Trivial equilibrium (TE) = E, = (S°,1°, R°) = (0,0,0)

Corona free equilibria (CFE) = E, = (S',I',R") = (%,0,0)

Corona existing equilibria (CEE) = E, = (S",I",R")

. (a=B—u—906+0b)+apl
5 = :
p(o+ p)

(B o) (Bt ) — 4erB)(n—e)
B 2cyB ’
. Br
-

where 4 = (“’ﬂ’:f"”b) ,B= ”<‘ﬁﬂ) seo=(+u+9-0).

The next-generation matrix method is presented in [34] for
calculating the reproduction number. The said method is given
an idea for transmission and transition matrices. We took two
compartments like infectious presented by /(¢) and recovered
presented by R(¢) rest of the susceptible compartments is
ignored under assumptions of the method. The reproduction
number Ry, is the largest eigenvalue of FV'~!, where F and V
are the transmission and transition matrices respectively,
obtained from the system (1) to (3) by substituting the corona
free equilibria of the model as follows:

w@ () o0—b 0
F:{“ ] and V = [ﬁ+,u+
0 0 o+ pu

More exactly, notice that
ac

Ro= s pro-p

3. Transition probabilities of the model

Let us consider the vector U(t) = [S(z),1(r),R(¢)]",and the
number of chances of an event is presented in Table 2:

For the drift and diffusion coefficients of the system (1-3),
we shall calculate the expectation and variance as follows:

. a—cSI(1+yl)—uS+aR

E'[AUl =Y PTi= | cIS(1+y1) — (B+pu+0—b)I |Ar
= Bl — (o4 )R
Var=E*[AUAU"] = 37 P[T][T]]"
P +P,+ P+ Py —P, —Py
= ) Py+Ps+Ps —Ps |At
7P4 *P() P() + P7
drift = H(U(t), t) = 1Y diffusion = K(U(t),t) =
E*[auAUT
: At L so

Table 2 Transition Probabilities of the
model.

T; = Transition

P; = Probabilities

T,=[1 0 o] P; = aAt
T,=[—1 1 0]F Py=cSI(1+yI)At
Ts=[-1 0 0] Py=uSAt

Py = aRAt

Ps = (u+ 0 — b)IAt
Ps = PIAt
P; = uRAt
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dU(t) = H(U(t), )dt + K (U(t), )dW (1) (7)

The Eq. (7), is called the stochastic differential equation
with W(t) is the Brownian.

3.1. Euler Maruyama method

The following section will discuss a standard numerical
methodology for approximating a stochastic model’s solution
(7). In this respect, we are going to agree
I,={0,1,2,3,--- m} for each m € N. Let N € N, and con-
sider a uniform partition of the temporal interval [0, T] with
partition norm equal to T = T/N. The nodes of that partition

are represented by
O=t,<ti<th<---<ty=T (7.1)

for each n € Iy. Needless to mention that 7z, = tn, for each
n € Iy. Moreover, we will agree that U" = U(1,), whenever
nelyand U = S, I, R. Also, we set

AW, =W(t,+ 1) —W(t,),Vne Iy —1 (8)
Clearly, each AW, has a normal distribution with a mean of

zero and a variance of one [28].

3.2. Stochastic model

Let us consider the small noise as cdt = cdt + adW(t) with
parametric perturbation technique for the system (1-3) as fol-
lows [29]:

dS(t) = [a — eS(O)I(#)(1 + yI(r)) — uS(1) + aR(1)dt

—ac[S()I(t)(1 + yI(1))]dW(t),¥t > 0, ®)
dI(t) = [cl()S()(1 4+ yI(2)) — (B + u+ 6 — b)I(1)dt (10)
+ acS(O)I(t)(1 + yI(1))dW(t)Vt > 0,
dR(1) = [PI(t) — (o + p)R(2)]dt, ¥t > 0, (11)

The Brownian motion is denoted by W(t), o is the random-
ness of Eqgs. (9—11). The Eqgs. (9—11) is non-integrable because
of the Brownian motion.

3.2.1. Positivity and boundedness

Consider, a complete probability space which is denoted by
(Q,F,P) and with the filtration represented by {F}, .
While F,contains all P-null sets that satisfying the following

conditions: like right continuous and increasing [35].
Symbolize
U(r) = (8(1),1(1), R(1)) (12)

And the norm |U(¢)| = \/Sz(t) + P(t) + R*(£). And denote
C*'(R® x (0,00); R,) as the family of all non-negative func-
tions V(U, t) defined on R* x (0, 00) such that they are contin-
uously twice differentiable in U and once in t.

We define the differential operator Lassociated with three-
dimensional stochastic differential equation.

dU(t) = H(U, t)dt + K(U, t)dW(t) (12.1)
As.L =2+ H(U 1) 2+
%22/:1 (KT( U,nK(U, t))i,j X #ZJU,

If L acts on a function ¥ € C*'(R* x (0,00); R,) then we
denote

LV(U,t)=V,(U,t)+ Vy(U,t)H(U, 1)
1
+5 Trace (K"(U, ) Vyu(U, 1)K(U, 1)),
where T means transportation.

Theorem. For model (9-11) and any given initial value

(5(0),1(0), R(0)) € RS,  there is a unique  solution
(S(1),1(t), R(1)) on t > 0 and will remain in R with probability
one.

Proof. By Ito’s formula, the model (9—11) admits positive
solution in sense of unique [localon0,t,] and explosion time
is denoted byrt,. Because local Lipschitz condition is satisfied
by all the coefficients of the aforesaid model.

Next, let us show that the given model (9-11) admits this
solution in sense of global; that is, 1, = oo almost sure.

Let m, = 0 be sufficiently large for S(0), 7(0) and R(0) lying
with the interval [miﬁ,mo]. For each integer m > m,, define a
sequence that is so called stopping times as

Tm =

inf{te[O,re] :S(r) ¢ (%m) orl(1) ¢ (%m) orR(1) ¢ (%m)}
(13)

where we set inf¢p = oo(¢representstheemptyset). Since 1, is
non-decreasing as m — oo,

Te = lim 7, (14)

m—oo

Then 7, < 1, almost sure. Now, we need to show 7,, = o
almost sure.

If this statement is violated, then there exist 77> 0 and
e€(0, 1) such that

Pt < T} >¢ (15)
this, there is an integer m; > mj, such that
P{t, < T} > e&Vm > my (16)
Define a C*—function V' : Ri — R, by
VS,LR)=(S—1—-InS)+ (I —1—-1Inl)
+(R—1-1nR) (17)

By using Ito’s formula, we calculate
dV(S,I,R) = 1,1 ds + 1,l dl + 17l dR+a—2dt
s 4y - S 7 R 2

dV(S,I,R) = <1 - é) ([« — CSI(1 + 1) — uS + aR)dt — oCSI(1 + yD)dW(1))
+ (1 - ;) ([CSI(1 4+ 91) — (B+ -+ 6 — B)I)di + 6CSI(1 + 3D)dW(1))

+ (1 _1R> [BI — (o + p)R)dt +%zdt

2
dV(S,I,R) < {a+2y+ﬁ+5+b+% dt

+0C(S = (1 +y)dW (1) (18)
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For simplification, we assume
N=oa+2u+p++b+=, Then Eq. (18) could be writ-
ten as:
dV(S,I,R) < Ndt+ aC(S — I)(1 + y1)dW (1) (19)
where N is a positive constant, After that integrating from 0 to
Tn N\ T, WE get

T /A\T

/ s 1) Res) < [ Nas+ / (s

—D(1 +yDdW(s) (20)
where t,, A T = min (z,,, T), the taking the expectations lead to
EV(S(tu At), [ty A1), R(tim A 7))

< V(5(0), 1(0), R(0)) + NT (1)

Set Q,, = {t,, < T} for m >m; and from (16), we have
P(Q,, >¢). For every veQ, there are some i such that
u;(tm, v) equals either m or i fori=1,2,3;

Hence, V(S(tm, v), I(T, v), R(Tim,v)) is  less  than
min {m —1—Inm,L—1—1Inl}.

‘m

Then we obtain,

V(5(0),1(0), R(0)) + NT > E(la,, ) V(S(tn), [(t), R(tw))) >

{min (mflflnm,lflflnl)} (22)
m m

The indicator function is represented by Ig, () of Q,,. Let-
ting m — oo leads to the contradictionoco = V(S(0),
1(0),R(0)) + NT < o0

as desired.

3.2.2. Extinction and persistence

Definition: Let W(r) be a Brownian motion and /(¢) be an Ito
drift—diffusion process that satisfies the stochastic differential
equation:

dI(t) = p(I(t), t)dt + o(1(2), t)dW (1)
If f(I,1) € C*(#*, #) then f(I(¢), 1) is also an Tto drift-diffu-
sion process, which satisfies as follows:

A0, 0) = 2 10, 0+ (00, 0)aw0)

370, 0)aw ().

: S _ pd 2
Let us introduce R; = R — T
Lemma: The unique solution of the system (9-11) exist and

lie in the regionT if it satisfies (S(0),1(0), R(0)) € R,>.

Definition. The infected individuals will be extinct in the
system (9-11), if llim I(t) =0,V >0.

Theorem. If Rg < land ¢ < m, then the infected indi-
viduals of the system (9-11) exponentially tend to zero.

Proof. let us consider the initial data (S(0),1(0),R(0)) € R.*
and the system (9-11) admits the solution as (S(t), I(t), R(t)),
with ¢ and ¢ are the randomness and drift respectively, if it sat-
isfies the stochastic differential equation

dl = [cIS(1 +9I) — (B + u+ & — b)I\dt + 6cSI(1 + yI)dW
By using the 1td’s lemma with f(/) = In(I), we have

din(Z) = £ (I)dI + %t"(l)lwdt
dIn(1) fldl+l(—i)12 2dt
e e

dIn() = (SO +90) — (B+pu+0—b) — %az)dt
+ acS(1 4 pI)dW

In(Z) = InI(0) + /I(cS(l +y)—(f+u+d—>b)— %az)dt

t
+/ ocS(1 + y1)dW,
0

Notice that, M(t) = [} acS(1 + 7I)dW with M(0) = 0.
If 02 > m,
[
u(B+u+3é—0>)

1 ca
BT RIS h) b))t+ M(t) + In 1(0)

In (1) > (B+u+0-0)

1n£1)> <W‘f+5_b),(ﬁ+u+aw)) +MT(0
+ln1t(0)
lim 0 > (ot~ (B k6 = b)) > 0, with lim MO
B Off 0% < igrits— then
In (I(t)) < (m—(ﬂ-i—u—i—é—b)—%az)t

+ M(t) + In (0),

@<(ﬁ+u+5

) ca B a? 71
w(p+u+6—5> 2(B+p+9-0>)

k]

lim sup™ < (B4 u+ 0 —b)(R® — 1), when Ry® < 1, we
get l1im sup@ <0,
tlim I(t) = 0, as desired.
2

RS = R! d

- <1
° T o T (Brpu+o—b)

4. Numerical methodology

For each NeN, define the set Iy = {0,1,2---, N}. In this sec-
tion we will present and analyse a system discretization (9—
11). To that end, we consider the temporal period 7 > 0. Fix
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a uniform partition of the temporal interval [0, 7] consisting of
N subintervals, and let k = ET Define ¢,, = mk, for each mely,
the numerical approximation to the values of the functions
S,I, and R are represented by S, I" and R”", respectively.
The discrete initial data (So, Io, Ro), where
So = S(0), 1, = 1(0), Ry = R(0), as desired.

4.1. Stochastic Euler method

This scheme could be practical to Egs. (9—(11) as follows:
Sm+l — Sm +k[a _ CSmIm(l +,y1m) _MSm +OCRm
—acS"I"(1 + ") AW, (23)

=1 kel S (1 +9I") — (B+ i+ 0 — b)I"
+ 6eS" (1 + Y™ AW, (24)

R™' = R" + k[pI" — (o + 1) R™] (25)
where m =0,1,2,--- and AW, =AW,  — AW, is standard
normal distribution. i.e. AW, N(0,1).

4.2. Stochastic Runge-Kutta method

This scheme could be practical to Egs. (9-11) as follows:
Stagel

Xy =kla—cS"I"(1 +9I") — uS" + aR™
— GeS" (1 + 9" AW,

Y1 = k[el"S" (1 +9I") — (B+ p+ 6 — b)I"
+O'CSmIm(1 +"/Im)AVV,,J

Zy = k[BI" — (¢ + p)R"]
Stage?2
X Y Y
X, = ka— C(S'" + 7‘) (I + 7‘) (1 +9(I" + 7‘)) — u(s"

X z X
+5) + (R + 55 = oe(S” + (1"

2
+2h (1 +o(" + %))AWM]
=Kl "+ 5 (10 )

Y, X
— (B4t 0= b)I" + 57 + oe(S" + )"

Y Y
+71)(1 + (I +71))AW,,1]

22 = KB + 20 — () (R" +2D)

Stage3

X Y Y.
Xkl (5" + D)+ D (1490 + D ) s

Y,

2+

X, Z,
< RWI . _ m Iﬂ?
+2)+cx( +2) ac(S +2( +

Y
(1 +9(I" + f)) AW,]

Yy = kle(I" + %)(S"’ + %) (1 +( + %))

— + ) X

(ﬁ H+5 b)(l”+_2) JC(S'” 2)([:11
) I Y.
22) (1 ”/( " 22))A” m]

2= KP4 ) = (a4 (R + )
Stage4
Xy = k[a = e(S" + X5)(I" + YV3) (1 +9(I" + Y3)) — u(S" + X3)
+a(R" + Z3) — ac(S" + X5)(I"

+ Y3)(1+9(I" + Y3)) AW,

Yy =k[e(I" + Y3)(S" + X3)(1 +y(I" + Y3))
(B 5= B Y5) + oe(S” + X)(I"
+ Y3)(1 +y(I" + Y3))AW,]

Zy = k[p(I" + Y3) — (o + ) (R" + Z3)].
Final stage
sl —gm 4 % X1 +2X5 4+ 2X;5 + X4]
=T £ LY, +2Y5 +2Y5 + Y] (26)
R = R™ + 1[Z, + 27, + 275 + Z4]

where m =0,1,2,--- and AW, =AW,  — AW, is standard
normal distribution. i.e. AW,, N(0, 1).

4.3. Stochastic nonstandard computational method

The first equation of our parametric perturbation model (9)
can be expressed in the non-standard computational method;
namely, that stochastic non-standard finite difference method
could be used for Egs. (9-11):

as
7 = [ = eSOIO)1 +71(1) = uS(1) + 2R (0)]
dw (1)
dt

The decomposition of the Eq. (27), in the stochastic NSFD
method, as follows:
Sm+l _ Sm
Tk

— ac[SOI(1)(1 +71(1))] (27)

[a _ CSWH»lIm(l + ')/Im) _ uS;’rH»l + OCRm:Id[

— oc[S" (1 4+ 91| AW, (28)
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Corona Free Equilibrium(CFE)

Euler Maruyama
Stochastic NSFD
Deterministic

Susceptible Humans
° °
S ®

o
o

o
o

14
bY

0 5 10 15 20 25 30 35 40 45 50
Time (days),k=0.01
(a)

Corona Free Equilibrium(CFE)

-

10 20 30 40 50 60 70 80 90 100
Time (days) k=0.01

©

Corona Free Equilibrium(CFE)

i

0.5

s Stochastic Euler
s Stochastic NSFD
== Deterministic

Susceptible Humans
° ° °
> < ®

o
o

14
kS
o

= Stochastic Runge Kutta
s Stochastic NSFD
D eterministic

°
®

Susceptible Humans
(=] =]
> S

04
o 10 20 30 40 50 60 70 80 90 100

Time (days),k=0.01

(e
Fig. 2

Like (28), in the stochastic NSFD process, we can decom-
pose the system (9-11) and then write the entire system
accordingly:

S" + ka + kaR"

Sm+l — (29)
1+ kel"(1 4+ 9I") + ku+ keI o (1 + yI") AW,
e I" + kel S™ (1 + pI™) + kbI™ 4+ kocI" S™ (1 + pI™) Aw,,
B 1+ k(B+u+9)
(30)
R"™ + kpI™
Rm+l _ - P 31
1+ k(o + p) (31

where m =0,1,2,--- and AW, = AW,  — AW, is standard
normal distribution. i.e. AW, N(0, 1).
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Comparison graph of computational methods at the corona-free equilibria of the model.

4.3.1. Convergence analysis

For the convergence analysis, the following theorems are
presented.

Theorem. For any given initial value (S™(0),1"(0),R"(0)) e
Ri, Egs. (29)-(31) has a solution
S, ", 7", R™e Rj_ onm > 0.

unique  positive

Proof. The proof is straightforward. Because the constraint of
biological problems is non-negative.

Theorem. The region I = {(S",I",R™) € Ri :S™>0,I" >0,
R™>0,S"+1" +R™ < i} For all, m > 0 is a positive invari-
ant feasible region for Egs. (29-31).

Proof. The system (29) to (31), could be decomposed as
follows:
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Fig. 3 Comparison graph at the existence of coronavirus.

m+l _ Qm m+1 m+1 m+1 < m m m
u:(a—cS’"l’"(l+y1’")—uS”’JrocR’” (S™ 1™ 4 R™) < (S™ 4+ 1™ + R™) + ka

k — kp(S™ 4 1™ + R™),
—acS"I"(1 + yI")AW,,)
Im+l _qm (Sm+1 + Im+l 4 Rm+1) < 3 +ka— ku (3)
T =(I"S"(14+9I")— (B+p+0—D)I" u H
+ ocS"I"(1 +yI")AW,,) (Sm+1 I R < a
u
M = (BI" = («+ W) R™) Thus, our proposed non-standard computational method is
k bounded for all m > 0.

After adding the above rewrite system, we have
Theorem. For any m > 0, the equilibria are same in both sense

m+1 m+1 m+1 m m m
(™ 4TI+ R™) — (8" 1" +R™) of discrete and continuous dynamical systems.
k
=a—pS"+1I"+R") — (6 —b)I" Proof. For solving the Egs. (29-31), by assuming the pertur-

bation is zero in the discrete model as follows:
(Sm+1 4 Im+l + Rm+l) _ (sm + Im + Rm)
k
<a—pS™+1I"+R"). Trivial equilibrium (TE) = (8", I", R") = (0,0,0)
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(Corona free equilibria CFE) = (S™,I",R") = <§,0,0).
u

(Corona Existing equilibria CEE) = (S, 1", R"™)

(a—p—u—90+>b)+apl"

S"ﬂ —
puo+ ) '
(Bt pd) + /(B + A — 4(1B) (1~ 1)
B 2c¢yB ’
Riﬂ — /))1m
o+ u
where 4 = ("’ﬂ’ﬁ’w’) ,B= ;z(jfu) a=P+p+0->)

Theorem. For any m > 0, if the eigenvalue lies in the unit circle,
then the proposed computational method is stable [30-31].

Proof. Consider the right-hand sides of the equations in (29—
31) as functions F, G and H by assuming the perturbation is
zero as follows:

_ SHka+kaR I+ keSI(1+9I) + kbl
T A ke(14yD) T M4+ k(B8
o REKBI

1+ k(o + p)

It is well known that a system of the form (29), (30), and
(31) converges to the equilibria of the model if and only if
the spectral radius, p(J), of the Jacobean

OF OF OF

as aI  OR

— | 9G¢ 9G 090G

J=1% o & (32)
OH OH 0H
s ol OR

evaluated at the equilibria satisfies the condition
p(J) <1 (33)

The equilibria of the model are stable or attractive if Eq.
(33) is satisfied, is unstable or repelling if p(J) > 1 and it is neu-
trally stable if p(J) = 1.

The elements of the Jacobean associated with the method
are given by

OF 1
S 1 +kel(1 4 1) + ku’

OF  —(S+ ka+ kaR)[kc + 2kcyl] OF ho

or [+ kel(1 + 1)) "OR T+ kel(1+71)

0G _ ked(l+9)  0G _1+keS+2keSI 0G
O0S 1 +k(B+u+06)0I 1+k(f+u+s)0R

OH  OH kp OH 1

9SOl 1+k(a+p) OR  k(a+p)

At the trivial equilibrium (TE)=E; = (0,0,0). The given
Jacobean is

1 2
Tku —k ac ho
1+kb
Jl (EO) = 0 l+k(;;+u+h) 0
0 kp 1
Tk (atp) Ttk (atp)

The eigenvalues of Jacobean matrix is

<1,k :% < 1, provided that R, = 1, and

_ 1
A= T+kp 1+k(B+p+b

— 1
T 1+k(otp) <L
At the corona free equilibria (CFE)=E; = (£,0,0). The

given Jacobean is

L —(§+ka)ke  ha

23

1+hkp
1+kae e
JE)=|0 gy O
0 kp 1
1k (op) 1+k (o)

So, the eigenvalues of the J(E)) as follows:

_ 1 s pbkacutkpb :
A =1 < 1, A —W< 1, provided that R, < 1

P — 1
dndi3—m<l.

At the corona existing equilibria (CEE)=E, = (S*,I', R").
The given Jacobean is

1 — (8" +ka+haR") (kc+2keyl*) ho
Vkel* (1491 ) +kp [I+kel* (1491)? V+kel* (14917)
_ I+kel" (149I ) +kp 1+keS* +2keS*I*
J(Ey) = T+k(B+u+0) 1+k(B+u+0) 0
0 kB 1
14k (o) 1+ (otp)

For the equilibria E,, we have plotted the largest eigenval-
ues by using the MATLAB database and the values of param-
eters presented in [27], as desired.

4.4. Computational results

In this section, the comparative analysis of the existing numer-
ical methods with the non-standard computational method
[27], a=0.5, $=0.09871, o=0.854302, 0 =0.05u=0.5,
7 = 0.0003,b = 0.205,¢ = 0.380,6 = 0.2, for RS < 1. For
Ry >1,a=0.5, f=0.09871, o = 0.854302, 6 = 0.05,u = 0.5,
y = 0.0003,5 = 0.205, ¢ = 0.580,06 = 0.2. Moreover, we used
S0(0) = 0.4,1,(0) = 0.5, Ry(0) = 0.1.

Example 1 ((Simulation for corona-free equilibria)). For small
time step size, we could be observed in Fig. 2(a), Fig. 2(c), and
Fig. 2(e), the solution of the system converges to true equilibria

Effect of Quarantine on Ri

1.15

1.1

1.051
X:0.035
Yiet

X1 ]
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3

Fig. 4 Time-Plot with the comparison of reproduction number
and parameter of quarantine.
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Fig. 5 Time-plot of the effect of quarantine on infected
individuals.

E, = (%,0,0), and Rg = 0.8536 < 1. In the same way, in

Fig. 2(b), Fig. 2(d), and Fig. 2(f), the dynamical properties of
the system have despoiled in the tiny change in the time step
size. The proposed method could restore the dynamical
properties, as desired.

Example 2 ((Replication for the existence of coronavirus)).
For small time step size, we could be observed in Fig. 3(a),
Fig. 3(c), and Fig. 3(e), the solution of the system converges
to true equilibria E, = (0.7648, 0.3081, 0.02247), and
ROS = 1.3043 > 1. In the same way, in Fig. 3(b), Fig. 3(d),
and Fig. 2(f), the dynamical properties of the system have des-
ecrated in the tiny change in the time step size. The dynamical
possessions such as non-negativity, boundedness, and dynam-
ical consistency are the main key points of the proposed
method, as desired.

Example 3 ((The effect of quarantine with reproduction num-
ber)). Let = 0.035. Notice that the model dynamics move
from virus existence to free equilibria with the decrease in
the value of reproduction number. However, Fig. 4 shows that
the strain of coronavirus could control the increases in quaran-
tine strategies such as travel restrictions, hospitalization, social
distancing, or vaccination, as needed.

Example 4 ((Effect of quarantine on the infected humans)).
For different values of f (quarantine rate), Notice that in
Fig. 5, we concluded that the infected humans converge to
zero. It means that the reported ways of coronavirus has con-
trolled in all aspect of scenarios, as desired.

5. Conclusion

Through the study, deterministic and stochastic susceptible-
infected-recovered models are investigated, which provides a
simplified description of coronavirus dynamics in the human
population. Additionally, we examined the dynamics of the
stochastic system using a variety of standard and non-

standard computational methods. Compared to other well-
known stochastic methods, the proposed non-standard com-
putational method is unconditionally convergent. The dynam-
ical possessions of the models, such as consistency, stability,
positivity, and boundedness, are preserved using our proposed
method [32]. Additionally, this study demonstrates how critical
confinement rules resolve the situation in a reasonable amount
of time. If the rate of contact between people decreases, class
stabilization can occur much more quickly.

Acknowledgments

The author Sayed F. Abdelwahab acknowledges Taif Univer-
sity Researchers Supporting Project number (TURSP-
2020/51), Taif University, Taif, Saudi Arabia. The second
and third authors are grateful to Vice-Chancellor, Air Univer-
sity, Islamabad, for providing an excellent research environ-
ment and facilities.

Declaration of Competing Interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have
appeared to influence the work reported in this paper.

References

[1] S. Zhao et al, Preliminary estimation of the basic reproduction
number of novel coronavirus (2019-nCoV) in China, from 2019
to 2020: a data-driven analysis in the early phase of the
outbreak, Int. J. Infect. Dis. 92 (2020) 214-217.

[2] M.S. Abdo et al, On a comprehensive model of the novel
coronavirus (COVID-19) under Mittag-Leffler derivative, Chaos
Solitons Fractals 2020 (2020) 109867.

[3] W.K. Ming, J. Huang, C.J. Zhang, Breaking down of healthcare
system: mathematical modelling for controlling the novel
coronavirus (2019-nCoV) outbreak in Wuhan, BioRxiv, China,
2020.

[4] JF.-W. Chan, K.-H. Kok, Z. Zhu, et al, Genomic
characterization of the 2019 novel human-pathogenic
coronavirus isolated from patients with acute respiratory
disease in Wuhan, Hubei, China. Emerg. Microbes Infect. 9
(2020) 221-236.

[S] M. Yousaf, S. Zahir, M. Riaz, S.M. Hussain, K. Shah,
Statistical analysis of forecasting COVID-19 for upcoming
month in Pakistan, Chaos Solitons Fractals 138 (2020) 109926.

[6] S. Zhao et al, Estimating the unreported number of novel
coronavirus (2019-nCoV) cases in China in the first half of
January 2020: a data-driven modelling analysis of the early
outbreak, J. Clin. Med. 9 (2) (2020) 388.

[7]1 P. Zhou et al, A pneumonia outbreak associated with a new
coronavirus of probable bat origin, Nature 3 (2020) 1-4.

[8] W. Gao et al, Novel dynamic structures of 2019-nCoV with non-
local operator via powerful computational technique, Biology 9
(5) (2020) 107.

[9] T.-M. Chen et al, A mathematical model for simulating the
phase-based transmissibility of a novel coronavirus, Infect. Dis.
Poverty 9 (1) (2020) 1-8.

[10] D.S. Hui, E.I. Azhar, T.A. Madani, et al, The continuing 2019-
nCoV epidemic threat of novel coronaviruses to global health
the latest 2019 novel coronavirus outbreak in Wuhan, China,
Bull. Math. Biol. 91 (2020) 264-266.

[11] Y. Chen, D. Guo, Molecular mechanisms of coronavirus RNA
capping and methylation, Virol. Sin. 31 (2016) 3—11.


http://refhub.elsevier.com/S1110-0168(21)00402-6/h0005
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0005
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0005
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0005
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0010
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0010
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0010
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0015
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0015
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0015
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0015
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0015
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0020
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0020
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0020
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0020
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0020
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0025
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0025
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0025
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0030
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0030
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0030
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0030
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0035
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0035
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0040
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0040
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0040
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0045
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0045
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0045
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0050
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0050
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0050
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0050
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0055
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0055

630

M. Aslam Noor et al.

[12] Q. Lin et al, A conceptual model for the coronavirus disease
2019 (COVID-19) outbreak in Wuhan, China with individual
reaction and governmental action, Int. J. Infect. Dis. 93 (2020)
211-216.

[13] M.D. Shereen, S. Khan, A. Kazmi, N. Bashir, R. Siddique,
COVID-19 infection: origin, transmission and characteristics of
human coronaviruses, J. Adv. Res. 24 (2) (2020) 91-98.

[14] M. Tahir, S.LA. Shah, G. Zaman, T. Khan, Stability behavior
of mathematical model MERS corona virus spread in
population, Filomat 33 (12) (2019) 3947-3960.

[15] S. Zhao, H. Chen, Modeling the epidemic dynamics and control
of COVID-19 outbreak in China, Quantit. Biol. 11 (1) (2020) 1-
9.

[16] E. Shim, A. Tariq, W. Choi, G. Chowell, Transmission potential
and severity of COVID-19 in South Korea, Int. J. Infect. Dis. 17
(2) (2020) 1-19.

[17] A.J. Kucharski, T.W. Russell, C. Diamond, Y. Liu, J. Edmunds,
et al, Early dynamics of transmission and control of COVID-19:
a mathematical modelling study, Lancet Infect. Dis. 11 (2)
(2020) 1-17.

[18] T. Chen, J. Rui, Q. Wang, Z. Zhao, J.A. Cui, L. Yin, A
mathematical model for simulating the transmission of Wuhan
novel coronavirus, Infect. Dis. Poverty 9 (2020) 24.

[19] F. Ndariou, I. Area, J.J. Nieto, D.F. Torres, Mathematical
modeling of COVID-19 transmission dynamics with a case study
of Wuhan, Chaos Solitons Fractals (2020).

[20] K. Prem, Y. Liu, T.W. Russell, A.J. Kucharski, R.M. Eggo, N.
Davies, The effect of control strategies to reduce social mixing
on outcomes of the COVID-19 epidemic in Wuhan. China: a
modelling study, The Lancet Public Health (2020).

[21] K. Mizumoto, G. Chowell, Transmission potential of the novel
coronavirus (COVID-19) onboard the diamond princess cruises
ship, Infect. Dis. Modell. (2020) 264-270.

[22] J. Hellewell, S. Abbott, A. Gimma, N.I. Bosse, C.I. Jarvis, T.W.
Russell, et al, Feasibility of controlling COVID-19 outbreaks by
isolation of cases and contacts, Lancet Global Health (2020)
488-496.

[23] A.J. Kucharski, T.W. Russell, C. Diamond, Y. Liu, J. Edmunds,
S. Funk, et al, Early dynamics of transmission and control of
COVID-19: a mathematical modelling study, Lancet Infect. Dis.
(2020).

[24] Y. Liu, A.A. Gayle, A. Wilder-Smith, J. Rocklv, The
reproductive number of COVID-19 is higher compared to
SARS coronavirus, J. Travel. Med. (2020) 1-4.

[25] D. Fanelli, F. Piazza, Analysis and forecast of COVID-19
spreading in China, Italy and France, Chaos Solitons Fractals
(2020).

[26] T. Chakraborty, I. Ghosh, Real-time forecasts and risk
assessment of novel coronavirus (COVID-19) cases: a data-
driven analysis, Chaos Solitons Fractals (2020).

[27] R. Din, K. Shah, I. Ahmad, T. Abdelijawad, Study of
Transmission dynamics of novel COVID-19 by using
mathematical model, Adv. Differ. Equations 323 (1) (2020)01-13.

[28] A. Raza, M.S. Arif, M. Rafiq, A reliable numerical analysis for
stochastic gonorrhea epidemic model with treatment effect, Int.
J. Biomath. 12 (5) (2019) 445-465.

[29] E.J. Allen et al, Construction of equivalent stochastic differential
equation models, Stochastic Anal. Appl. 26 (2) (2008) 274-297.

[30] H. Jansen, E.H. Twizell, An unconditionally convergent
discretization of the SEIR model, Mathe. Comput. Simulat. 58
(01) (2002) 147-158.

[31] A.J. Arenas, G.G. Parra, B.M.C. Charpentier, A non-standard
numerical scheme of predictor-corrector type for epidemic
models, Comput. Math. Appl. 59 (01) (2010) 3740-3749.

[32] R.E. Mickens, A fundamental principle for constructing non-
standard finite difference schemes for differential equations, J.
Differ. Equations Appl. 11 (2) (2005) 645-653.

[33] N. Sene: SIR epidemic model with Mittag-Leffler fractional
derivative. Chaos, Solitons & Fractals, vol. 137, 109833.

[34] O. Driekmann, J.A.P. Heesterbeek, M.G. Roberts, The
construction of next-generation matrices for compartmental
epidemic models, J. R. Soc. Interf. 07 (47) (2009) 873-885.

[35] N. Sene, Analysis of the stochastic model for predicting the
novel coronavirus disease, Adv. Differ. Equations 568 (1) (2020)
01-19.

[36] C.I. Paules, H.D. Marston, A.S. Fauci, Coronavirus infections
more than just the common cold, JAMA 323 (8) (2020) 707-708.

[37] L. Saif, Animal coronavirus vaccines: lessons for sars, Dev. Biol.
(Basel) 119 (2004) 129140.

[38] J.T. Wu, K. Leung, G.M. Leung, Nowcasting and forecasting
the potential domestic and international spread of the 2019-
nCoV outbreak originating in Wuhan, China: a modelling
study, The Lancet 395 (10225) (2020) 689-697.

[39] A.J. Kucharski, T.W. Russell, C. Diamond, et al, Early dynamics
of transmission and control of COVID-19: a mathematical
modelling study, Lancet. Infect. Dis 20 (5) (2020) 553-558.

[40] D.S. Hui, E.I. Azhar, T.A. Madani, et al, The continuing 2019-
nCoV epidemic threat of novel coronaviruses to global health —
The latest 2019 novel coronavirus outbreak in Wuhan, China,
Int. J. Infect. Dis. 91 (2020) 264-266.

[41] J.E.M. Diaz, A. Raza, N. Ahmed, M. Rafiq, Analysis of a non-
standard computer method to simulate a nonlinear stochastic
epidemiological model of coronavirus-like diseases, Comput.
Methods Programs Biomed. 204 (2021) 1-10.

[42] A. Raza, A. Ahmadian, M. Rafiq, S. Salahshour, I.R. Lagana,
An analysis of a nonlinear susceptible-exposed-infected-
quarantine-recovered pandemic model of a novel coronavirus
with delay effect, Results Phys. 21 (2021) 01-07.

[43] A. Akgul, N. Ahmed, A. Raza, Z. Igbal, M. Rafiq, D. Baleanu,
M.A.U. Rehman, New applications related to Covid-19, Results
Phys. 20 (2021) 01-06.

[44] M. Rafiq, J.E.M. Diaz, A. Raza, N. Ahmed, Design and
stability analysis of a nonlinear SEIQR infectious model and its
efficient non-local computational implementation, Appl. Math.
Model. 89 (2021) 1835-1846.

[45] W. Shatanawi, A. Raza, M.S. Arif, K. Abodayeh, M. Rafiq, M.
Bibi, Design of non-standard computational method for
stochastic susceptible-infected-treated- recovered dynamics of
coronavirus model, Adv. Differ. Equations 2960 (2020) 01-19.

[46] W. Ahmad, M. Rafiq, M. Abbas, Mathematical analysis to
control the spread of Ebola virus epidemic through voluntary
vaccination, Eur. Phys. J. Plus. 135 (2020) 775.


http://refhub.elsevier.com/S1110-0168(21)00402-6/h0060
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0060
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0060
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0060
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0065
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0065
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0065
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0070
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0070
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0070
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0075
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0075
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0075
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0080
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0080
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0080
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0085
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0085
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0085
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0085
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0090
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0090
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0090
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0095
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0095
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0095
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0100
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0100
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0100
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0100
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0105
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0105
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0105
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0110
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0110
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0110
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0110
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0115
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0115
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0115
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0115
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0120
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0120
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0120
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0125
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0125
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0125
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0130
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0130
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0130
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0135
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0135
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0135
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0140
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0140
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0140
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0145
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0145
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0150
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0150
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0150
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0155
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0155
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0155
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0160
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0160
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0160
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0170
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0170
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0170
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0175
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0175
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0175
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0190
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0190
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0195
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0195
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0200
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0200
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0200
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0200
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0205
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0205
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0205
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0210
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0210
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0210
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0210
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0215
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0215
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0215
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0215
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0220
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0220
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0220
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0220
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0225
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0225
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0225
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0230
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0230
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0230
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0230
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0235
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0235
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0235
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0235
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0240
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0240
http://refhub.elsevier.com/S1110-0168(21)00402-6/h0240

