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Dynamical Behavior and Sensitivity Analysis of a Delayed
Coronavirus Epidemic Model

Muhammad Naveed" *, Dumitru Baleanu®* 4 Muhammad Rafiq’, Ali Raza®, Atif
Hassan Soori' and Nauman Ahmed’

Abstract: Mathematical delay modelling has a significant role in the different disciplines
such as behavioural, social, physical, biological engineering, and bio-mathematical
sciences. The present work describes mathematical formulation for the transmission
mechanism of a novel coronavirus (COVID-19). Due to the unavailability of vaccines for
the coronavirus worldwide, delay factors such as social distance, quarantine, travel
restrictions, extended holidays, hospitalization, and isolation have contributed to
controlling the coronavirus epidemic. We have analysed the reproduction number and its
sensitivity to parameters. If, Reovig < 1 then this situation will help to eradicate the
disease and if, R¢gyig > 1 the virus will spread rapidly in the human beings. Well-
known theorems such as Routh Hurwitz criteria and Lasalle invariance principle have
presented for stability. The local and global stabilizes for both equilibria of the model
have also been presented. Also, we have analysed the effect of delay reason on the
reproduction number. In the last, some very useful numerical consequences have
presented in support of hypothetical analysis.

Keywords: Coronavirus (COVID-19), delay mathematical model, reproduction number,
sensitive analysis, stability analysis.

1 Literature survey

Human beings are mostly given the taste to master the environment of which they are
apart. To control the environment, he has devised many ways and tools. However, he has
restrained to some extent. These restrictions have saved him from demolishing and
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violating the laws of nature. The most powerful forces among these are water, air, and
soil. Abiding by the laws of nature, he can make his environment worth living for all
people and other species on earth. For this purpose, man has introduced many deadly
tools, weapons, and technical instruments. He also has discovered diseases, their origin,
and their cure. He has been successful in coping with these disasters so far, but violating
the laws of nature has paved way too many fatal disasters and epidemics. The first and
second World Wars are vivid examples of killing and destruction. Self-supremacy and
Xenophobia are the reasons behind this disaster. Fear, hatred, and insecurity have
compelled them to violate the idea of cohabitation and dwelling in societies. Nationalism
is a great step in this respect. With the spread of this idea, people have overcome
Xenophobia and other such disasters. They have provided strength and security under the
title of nationality. But they have failed in conceiving the idea that man is mortal. He can
no longer stay with any concept in this word. He simply has to follow the laws of nature.
Briefly speaking, in past decades, a vast amount of people died who were overindulged in
sexual activities. Their violation from nature destroyed them thoroughly. It is a fact that
nature does not allow us to eat and drink all types of fruit, vegetables, and drinks. It
doesn’t even allow us to eat all types of animals and insects because they are harmful to
human beings. We cannot interact with every creature. Nature has its lawful course for
interaction. When we try to use nature against its course, we become prey to many deadly
diseases like HIV, Ebola, Congo fever, Lassa fever, and Dengue, etc. All these diseases
spread due to eating rats, bats, and interacting with other animals and insects. Presently,
the world is suffering from coronavirus (COVID-19). This deadly virus has killed a
massive amount of people in China, Italy, America, Iran, Pakistan, and many other
countries in the world. It transmits from man to man and directly hits the respiratory
system. People have tried to develop techniques and cure to save from this deadly virus
but not to enough level. This virus is still causing deaths and destruction in Europe, Asia,
and other continents. In the present paper, we are trying to give its mathematical data. In
the last month of 2019, there were some cases that appeared of pneumonia with unknown
origin in the capital city of province Hubei Wuhan, China. The number of people has
died due to this fatal coronavirus all over the world. More than two hundred and six
countries have convicted of the new coronavirus. Now the pandemic of coronavirus is a
global issue announced by the World Health Organization (WHO). It was like pneumonia
without clear symptoms. All techniques and measures proved ineffective. Further, it
transmitted from man to man. It appears within ten days and is causing panic in Europe,
North Africa, America, and Asia till now. The roundabout figure of casualties has
reached up to 50,000. Tahir et al. [Tahir, Shah, Zaman et al. (2019)] have given an
analysis of the deterministic model of the middle east respiratory syndrome (MERS)
coronavirus. Zhao et al. [Zhao and Chen (2020)] have discussed the mathematical model
of the outbreak of coronavirus in China. Shim et al. [Shim, Tariq, Choi et al. (2020)] have
found the transmission of coronavirus in South Korea by using static analysis. Kucharski
et al. [Kucharski, Russell, Diamond et al. (2020)] have presented optimal control
strategies in the modeling of coronavirus. Jiang et al. [Jiang, Coffee, Bari et al. (2020)]
have found data prediction of coronavirus by using artificial intelligence structure. Li et
al. [Li, Chao and Zhang (2019)] have presented the modeling of emotion classification
based on brain wave. Wang et al. [Wang, Li, Zou et al. (2020)] have found the classical
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approaches in the net modeling of images. Shereen et al. [Shereen, Khan, Kazmi et al.
(2020)] have presented features, origin, and transmission of coronaviruses. Yang et al.
[Yang and Wang (2020)] have found compartments modeling for the novel coronavirus
epidemic in Wuhan, China. Lin et al. [Lin, Zhao, Gao et al. (2020)] have presented the
conceptual model of coronavirus in people and government reactions Mathematical
modeling has an effective tool to study the dynamics of coronavirus model. Raza et al.
[Raza, Rafiq, Baleanu et al. (2019)] have found a computational analysis of the stochastic
HIV/AIDS model in the two sex populations. Arif et al. [Arif, Raza, Rafiq et al. (2019)]
have presented the stochastic analysis of the hepatitis B virus with the migration effect of
humans. Abodayeh et al. [Abodayeh, Arif, Raza et al. (2020)] investigated the dynamics
of the stochastic foot and mouth disease in the animal population. In this analysis, we
have derived reproduction several COVID-19, the given reproduction number has a
significant role in the nonlinear dynamics, biological engineering, and many more. If the
reproduction number is less than one, than its mean COVID-19 has controlled or
controlling strategies are effective. Otherwise, if the reproduction number is greater than
one than its mean COVID-19 has fluently increased and the virus is endemic. Actually, in
this model, we have introduced delay reason. The role of delay reason is quarantine or
place of isolation or vaccination etc. In common epidemiological models, if we controlled
infection rate then disease becomes stable or control. In the current situation of COVID-
19, we can’t control infection or transmission rates of viruses. So, we just used the delay
tactics to overcome the pandemic of corona virus-like as social distancing, quarantine,
isolation, etc. Fortunately, the delay factors or delay tactics in the modeling are
independent of all other types of transmissions rates. Overall world, the only control
strategies of COVID-19 are social distancing and isolations, etc. For the importance or
impact of delay reason, we have introduced the delay differential equations model from
the biological engineering and nonlinear dynamical problems.

The strategy of our paper is as follows: In Section 2, we have discussed the formulation,
the equilibrium of the model. In Section 3, we discussed the local stability of the model.
In Section 4, we have discussed the global stability of the model. In Section 5, we
discussed numerical consequences for the support of the theoretical analysis of the
model. In Section 6, conclusion and future guidance have presented.

2 Formulation of model

In this paper, we have considered the dynamics of coronavirus pandemic model with the
seafood market versus humans. The whole population has represented with Ny, (t) and
divided into the five compartments as follows: For any time t, the susceptible humans
presented with S, (t), exposed humans presented with Ey,(t), symptomatic infected
humans presented with I, (t), asymptomatic infected presented with A, (t) and recovered
humans presented with Ry, (t). The seafood market (reservoir) has represented with M (¢).
Simply the dynamics of humans and reservoir have described through the nonlinear delay
differential equations as shown in Fig. 1.
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Figure 1: Flow map of COVID-19 delay model

The limits of the delay model have described as follows: 7, is the recruitment rate of
humans, u,, is the mortality rate with natural incidences or due to virus infection, 7, is the
virus getting a rate of susceptible humans from asymptomatic humans, 1, is the virus
getting a rate of susceptible humans from symptomatic humans, 15 is interaction rate of
susceptible humans with reservoir or seafood place or market, w is the interaction rate of
symptomatic infected and exposed humans, w, is the interaction rate in which exposed
humans becomes asymptomatic infected humans, w4 is the rate of asymptotic carriers
who visit the seafood market, w,, is the rate of symptomatic carriers who visit the seafood
market, w), is the rate of quarantine or isolation or vaccination of asymptomatic infected
humans, w4 is the rate of quarantine or isolation or vaccination of symptomatic infected
humans and m is the rate at which virus removed from the seafood market. The
coronavirus pandemic model has based on the following assumptions: the seafood market
is enough source of the virus, considering two ways of dispersion of virus as
symptomatic and asymptomatic carriers who visit the seafood place or market and the
interaction rate of susceptible humans with the seafood market. Without loss of generality,
all types of other interactions with the seafood market have ignored. After getting the
virus from the seafood market, asymptomatic and symptomatic carriers, the susceptible
humans can have interaction with other human compartments. The system of delay
differential equations of the model as follows:

22 = 1y — (mdp(t = 1) + 1oLy (= 1)) S, (t = D™ T =038, (OOM(E) = 1Sy (). (1)
% = (nlAp(t — 1)+ L, (t — r)) Sp(t —1)e T + 135, ()M (L) — wE, (t) —

wyEp () — ppEp (). )
ap _

at (‘)Ep(t) - (‘)31p(t) - ﬂplp(t)- 3)
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a4p _

T w4 Ey (t) - wpAp t) - UpAp (®). 4
% = wpAp(t) + w3y (t) — PRy (t). )
W = a1, (8) + w14, (t) — TM(). ©

The initial conditions ¢ = (¢, P2, P3, Ps, Ps) of Egs. (1) to (5) are defined in the
Banach space as C, = {¢EC[—T, 0], R3: ¢4(0) = Sp(0), ¢, (0) = E,(0),p3(0) =
1,(0), $4(0) = A,(0), ¢5(0) = R, (0)},

where, R} = {Sy, Ep, I, Ap, RyeR>: S, = 0,E, = 0,1, 20,4, 20,R, 20 }.

We assume ¢;(0) >0, (i = 1,2,3,4,5) due to biological meanings. The total dynamics
of Egs. (1) to (6) has obtained by adding the first five equations as follows:

45 | dEp Al  ddp ARy -
prral rraie syl syl theva eS| UpNp and S, + Ep, + I, + Ay, + Ry = Ny,
dN,

FSnp—ypr.

The feasible region of Egs. (1) to (6) as follows:
TT
= {S,(t), E,(t), I, (1), Ap(t), Ry()eR3: Ny (t) < #—Z MeR,}.

The initial value problem, ¢’ = m, — u,¢, with ¢(0) = N,,(0) has solution ¢(t) =

ke Mot +Z—p and tlim o (t) =Z—p . Therefore, N,(t) < ¢(t) which shows that
4 —® 4

tlim Sup Np(t) < %. Thus, all solutions of Egs. (1) to (6) lies in the feasible region I'.

—00 1/

The feasible region is positive and bounded for Egs. (1) to (6). Hence, the region I is

positive invariant.

2.1 Equilibrium points
The Egs. (1) to (6) admit two equilibrium states in the feasible region I'. A COVID free
equilibrium of the models (1-6) as follows:

_ 1171 ,41p1)_ 5
Cr=(Sp" Ep I At RyY) = (#—2,0,0,0,0).
Also, COVID present equilibrium of the Egs. (1) to (6) as follows:
G = (Sp*’Ep*'[p*'Ap*'Rp*)-

where,
= T(wp+itp) (W3 +up) (W+watpip) v _ Tp—UpSp" It = WEp"
p w(wp+ip)(N2me HPT 43 0z) +ws(ws+up) (Mime HP +w )’ TP wtwgtuy * P w3ty
w4 Ep* WpAp +wsly*
A, = wt and R," = +t—F 2y
Wptip Hp

2.2 Reproduction number

The reproduction number find the extinction and persistence of the virus in the
population. If R.,,;q <1, then shows the extinction of viruses in population and
R.ovia > 1, then shows the persistence of virus in the population. Drickmann et al.
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[Drickmann, Heesterbeek and Roberts (2009)] have presented the next-generation matrix
method for compartment models. We have considered the infectious and recovered
compartment from the Egs. (1) to (6) and by using COVID free equilibrium as follows:

Ep ] o mee'mp me™™imy  rE,
L' Hp Hp
L=10 0 0 0 jlp —~
Pl 10 0 0 of.?
Ryl Lo o o oltf
W+ wy + Uy 0 0 07rE»
—w w3 + Uy 0 01{ 15
—Wy 0 w, +up 014,
0 —wp —W3 UpllR,
0 e M,  ne”HPtm,
Up Up
where, F =10 0 0 0land
0 0 0 0
0 0 0 0
W+ wy + Uy 0 0 0
—w w3 + Uy 0 0
V= —wy 0 wp tu, O
0 —wp —w3 Up
[20(wp+pp)+niws(ws+pp)le #Pim, e #PPm,  neTHPm,
(wtwatup)(ws+up)up (wstip)ip  (wptup)up
FVv—1= 0 0 0 0l
0 0 0 0
0 0 0 0

. . +ip )+ + -
The spectral radius of FV ™1 is denoted as R.oyiq = 20 (wp tip )t 04 (s + iy Iy e Hrt,
(w+watup)(wptup)(ws+up)ip

2.3 Sensitivity analysis
To test the sensitivity of the reproduction number in each of its parameters:

9Rcopid
A = Reopid _ M1 ORcovid _ n1w4(wz+up) >0
M= 91 T Reppig 0 T nw(wptip)tniwa(wst+up) ’

- covid Ui n2 pTHp)TN1Wa (W3 TUp

9Rcovid
A = Reovid — 2 aRcovid: nzw(wp"'ﬂp) >0
2 anﬂ Reovia 972 nzw(wp+ﬂp)+n1w4(w3+ﬂp) )

2

9Rcopid
A _ Reovid _ @3 ORcovid _ nzww3(a)p+up) <0
08 = O T Ry s (st eyt o] <

— covid w3 W3t Up ) |20\ WptHUp )TTN1W4 W3+ Up

w3
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9Rcopid
A _ Reovia _ _®p_ ORcovid _ _ nlwpw4(w3+”l7) <0
(‘) - - - .
L4 _a:)p Reovia 0wy (@p+up)[n20(wp+up)+n1ws(w3+1p)]
14
9Rcopid 5
_ Reovia . _Tp Reovid _
An, =—gd = To_Themid _ 1 5 )
—P covid Tip
Tp
OR ;
covid
A = Reovid — ®  9Rcopid — nzw(wp"'”P) _ w 0:
@ dw Reovia 0w nzw(wp+,up)+7)1w4(w3+,up) WtwatUp >

w

nzw(wp + up) > w.

OR

covid
A — Reovid — Wy aRCOVid [ w4n2w(wp+”p)
We (}w% Reovia 0wy (w+w4+l‘p)[nzw(wp+ﬂp)+n1w4(w3+ﬂp)]
n1wa(ws+up)(0+pp)

< 0;
(w+w4+#p)[772w(wp +,up)+7)1w4(w3 +llp)]

n1w4(w3 + ,up)(a) + up) < wmzw(wp + up).

9Rcopi
_ Rcovidd _ _HMp ORcovia _ (Taﬁ}"sllp+‘7‘B§l‘p+aﬁyﬂp+aﬁy5)_(n2w+7l1w4)ﬁy5ﬂp i
Ay, = = = - <0;
Hp 9kp Reovid  OMp aByé
Hp
(taBybuy, + aBdu, + aByu, + aBys) > (0 + 11w, By,
where, xX= Uzw(wp + .Up) + 771(04(0)3 + Hp), p = (w T Wyt Hp), y = (wp +

up) and § = ((1)3 + up).

The sensitive parameter of the model is 17,1, 7, and w. It has concluded that the direct
ratio is among 14, 17, w and reproduction number R,;q. This means that an increase in
sensitive parameters will eventually increase the number of reproduction and vice versa.
Also, the rest of the parameters are insensitive. It has concluded that the inverse ratio are
insensitive parameters and the reproduction number R,,,;;. This means increasing the
parameters, eventually reducing the number of reproduction and vice versa.

3 Local stability

For the local stability at both equilibria of the model, we will prove the following well-
known results as follows:

Theorem: For given T > 0, the Eqgs. (1) to (6) is said to be locally asymptotical stable
(LAS) at COVID free equilibrium ¢; = (S,", E,", I,*, 4,", R,"), which is contained in
region ' if R;y,;q < 1. Otherwise the Egs. (1) to (6) is unstable if R yyig > 1.

Proof: The Jacobean matrix for the Egs. (1) to (6) at C; as follows:
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[ —n,mye Pt —nymye” Het 1
_,Up 0 Up) p n p 0
Hp Hp
nampe Pt ne Frt
0 —(wH+ws+ 0
](Cl) = ( * ﬂp) ﬂp ﬂp
0 w —(w3 + pp) 0 0
0 Wy 0 —(wp +up) O
| 0 0 w3 Wp —Hp |
The following eigen values of Jacobean matrix J(C;) are obtained:
Al = _l,{p < O,Az = _/J.p <0
—HpT —UpT
—(0+ wy + ) — 2 % me#—p
(4 14
() — Al = . (ws ) - . — 0.
Wy 0 —(wp +up) — 4
npmpe HPT nympe KPT
Put a, = (a)+a)4+up), a, = (a)3 +up), as ZT' ay ZT’ as =
(wp + Hp)-
—-a;— A as ay
Wy 0 —as— A
B+ (a; + ay + as)A? + (aja, + aas + a,as — was — waas)A + (a;a,as —
WaA3As5 — Walyay) = 0.
By using the Routh-Hurwitz Criterion of 3™ order polynomial as,
(ay+a,+az) >0,
(a1a5a5 — waszas — wyaza,) > 0, if
% <1 , by putting substitute values, we have R ppiq =
14245
[nzw(wp+ﬂp)+771w4(a’3+I~"p)]7'[pe—up-[ <1

(w+watpp)(wptip)(Ws+ip)up

and (a1 + a; + as)(aa, + aas + a,as — waz — waay) > (a1a,a5 — wazas —

w4a2a4), ichovid <Ll

So, all eigenvalues are negative. Hence, by Routh Hurwitz criteria C; is locally

asymptotical stable (LAS).

If Reopig > 1, that is

[nzw(wp+ﬂp)+7llw4(w3+ﬂp)]ﬂp —UpT
e Hp

(@+wstup)(@ptip)(@s+up)p

2w (wp + ) + Mwa (w3 + p)Impe ™07 > (0 + wy + ) (@p + 1p) (W3 + b )ty

—(w + wy + pp)(wp + 1) (w3 + )1ty + 20 (@, + 1) + 1My 04 (w3 +

up)]r[pe"‘PT > 0.

Then A3, A4, 45 > 0. Hence, C; is unstable.

> 1.



Dynamical Behavior and Sensitivity Analysis of a Delayed Coronavirus 233

Theorem: For givent > 0, the Egs. (1) to (6) is said to be locally asymptotical stable
(LAS) at COVID present equilibrium C, = (S,", E,", I,",A,", R,"), which is contained
in region ' if R;,,;4 > 1. Otherwise, the Egs. (1) to (6) is unstable if R ppig < 1.
Proof: The Jacobean matrix for the Egs. (1) to (6) at C, as follows:
-b, O —-b, —b; O
b, —bg b, b; 0
J(C)=]10 o —bs 0 0
0 Wy 0 —b, 0
0 0 w3 @y
where,
b, = (nlAp* + nzlp*)e_“ﬂ +m3M* + 1, by =138, e by = 1,5, e7HeT by =
(mA," +m21,°)S, e ™ %, bs = w3 + pp ,bg = 0 + wy + py , by = Wy + .
The following eigen values of Jacobean matrix J(C,) are obtained:
A = —up < 0and

_bl - A O _bz _b3
_a=| P+ “be=4 Db bs | _
0 Wy 0 -—b,—2

A* + (by + by + bs + bg + b;)A3 + (b;(by + by) + (by + b;)(bs + bg) + bsbg —
wby, — wyb3)A? + ((b1 + b;)(bsbg — wby) + by(by + bg)(1 + by) + byb;(bs + bg) +
bibybg + wub3(by — bs — bl)A + (b1bybgb; + bybsbgb; — wbibyby + wubs(bybs —
bibg)) = 0.

So, mgA* + myA3 + myA% + mzA + my = 0.

where, my = (b + by + bs + bg + by),

my = (b;(by + by) + (by + by)(bs + bg) + bsbg — wb; — wybs),

ms; = ((b1 + b;)(bsbg — wby) + by (by + bg)(1 + b;) + byb;(bs + bg) + bybybs +
wab3(by — bs — b1),

my = (b1bybgb; + bybsbgb; — wbybyby + wabs(bybs — by bsg)).

By using the Routh-Hurwitz Criterion of 4™ order polynomial as,

mgy>0,m; >0, mm, —mymsg >0,

(mym,; — mgmg)ms — my?my, > 0 and my > 0 only if Reppig > 1.

So, its eigenvalue is negative. Hence, by Routh Hurwitz criteria C, is locally asymptotical
stable (LAS).

4 Global stability

For the global stability at both equilibria of the model, we will prove the following well-
known results as follows:
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Theorem: For given T > 0, the system Eq. (1) to Eq. (6) is said to be globally
asymptotical stable (GAS) at COVID free equilibrium C; = (Spl,Epl,Ipl,Apl,Rpl),
which is contained in region I' if R ,,;q < 1. Otherwise unstable.

Proof: We have considered the Volterra- type Lyapunov function U: ' = R defined as
follows:

U=<S -5t =S 1log )+E +1,+A, + R,

au
at

au _ (Sp-S _

ar ( S ) (mp = (mAp + 120p)Spe ™" = 13S,M — 1pS,) + (m1Ap +
nzlp)Spe “P +135,M — WE, — wsE, — upEp + wE, — wsly — upl, + wiE, —
wpAp — UpAp + WpAp + W3l — PR,

Sy, ds dE. dal dA
(1_}9) p+ p+ p+ p+ t

c‘li_[t] = (S -5 1) [”_P B 771/1 e Mt —mplye ™t —n3M — HP] + 1 ApSpe T +
N2l,Spe ™ #r" +n3MS, — —tply — ppA, — Ry,

Since, C; = (Sp ,Epl, Ipl,Ap ,Rpl) is an COVID free equilibrium, so for Egs. (1) to (6),

1 1 1 1 1 1
am' _ dsp' _ dEpt _ dlyt _ dAp' _ dRp' _ 0, gives
dt dt dt dt dt dt

T

_ Ttp 1_-u,t 1, —-u,t 1
ﬂp_g_nlAp e Hr —lelp e _773M

Z_lt] = (S =5") [Z_; — MApe H?" —mple %" —n3M — ;T_P + 114, S,e T +

_ nSle_”pT 775 ekt
Maly' Spe v +773M1] ~ Hpdp [1 R ]_”p[p [1 - ] HpEp =
UpRp.
du  —1p(S,—S,t _ -
at P(Sp+5p) — 17 (S, = S ) (Ap — Ap") = malp e THRT(S, — S, ) (1 —

1 1 1715y e HPT M2Sple Pt
") = nz(M = MY)(S, = Sp") = ipAp [1_ =5 ] Hplp [1_ zpup B
HpEp — tpRp.
av  -mp(Sp—spt)° _ _
at P(S:—S};p) —me M(Sy = 5,7 )(Ap — Ap') —mae T (Sp = S ) (I — 1) —
1 M5y e HPT n2Sp e HPT

ns(M =M (S, —Sp") — mpAyp [1 =t ] tplp [1_ : p#p ]_ﬂpEp_
UpRp.

=200 for Regpig <1, and Z2=0 only if S,=S5,", E,=1I,=A,=R,=0.
Therefore, the only trajectory of the Egs. (1) to (6) on whichz—lt] = 0 is C;. Hence, by
Lasalle’s invariance principle, C; is globally asymptotically stable (GAS) in T
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Theorem: For given T > 0, the Egs. (1) to (6) is said to be globally asymptotical stable
(GAS) at COVID present equilibrium C, = (Sp*,Ep*,Ip*,Ap*,Rp*), which is contained
in region I' if R;,,;4 > 1. Otherwise unstable.

Proof: We have considered the Volterra-type Lyapunov function V: " = R defined as follows:

V= K; (Sp S, =S, log ) + K, (E —E,” —E, log ) + K; (I - L, -
N

L, long*>+K4 (Ap—Ap log )+K5 (R -R,"—R, long*).

where, K;: (i = 1 2,3,4,5) are posmve constants to be chosen later.

A A I DL N AL DL A & L A X )dA” +Ks(1—

Rp dRp v '

R,,) dt

av Sp=Sp* _ _

a = fa % [rp =M1 ApSpe ™™ = malpSpe 0T —naMSp — upSp| +

K, (E%:p) [r)lApSpe"‘PT + 121 Spe HPT + 3 MS, — (w0 + wy + ,up)Ep] +
Ly—I,* Ap—Ay*

K ( plpp ) [wE, — w3l — pyl,| + K, ( pApp ) [wsEp — wpdy — upAp| +

Ry—R,"
Ks ( pRpp ) [wsl, + wpAy — 1Ry

d—V=K1(S -S *) [:—:—nlApe_“PT—nzl e‘”PT—n3M—;1p]+K2(E -
-
) [P ST 1M (4 )] 4 Kl 1) [
p

Ep
(w3 + ”p)] + Ki(Ap — 4p") [w: — (wp +“p)] + Ks(Rpy — Rp") [w;_:p'*'%_ ”p]-

Since, C, = (S,", Ep”, 1,", Ay, R, ") is an COVID present equilibrium, so for Egs. (1) to (6),
ds,” _dEy’ _ dl,' _ dAp," _ dRy’

=—Ff = =_F =_F = (. oives
dt dt dt dt dt -8

T

~kpt IySpe”HPT
__Tp * T * * N14pSpe N2'p-p€
.Up—g—?h/lp@”” =MD" —msMT . wt wy tu, = +

Ep Ep

WE. wyE wnA w3l
— 14 s _p°p 3P
w3 + =—=, Wy + = —- = + —
E * 9 3 l"l'p Ip*’ 14 l"l'p Ap* QIJ'p Rp Rp

P 14

* * * ApSpe Hp* L,S,e P MS. A, S, e HpT
n2lp +773M]+K2(E —Ep )[771ppe + T2p7et %% Nfpmp? —
p

Ep Ep Ep’
nalpSpe HP* n3M5p wEp a)Ep w4Ep  w4Ep
i ]+K3(I — 1, )[ + Ki(Ap — 4y )[ Ap*]+

wpA w3l wpA w31
Ks(R, — Rp") “’+ S §
Rp Rp Rp Rp
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2
% =—K; % — Kin1e "7(Sy = Sp")(Ap — Ap) — Kamae™7(S, — $,7) (1 —

1Ap5pe_HpT(Ep_Ep*)2 Uz’pspe_”pT(Ep_Ep*)z

* % * n
Iy") = Kins(M = M*)(S, = ") — K EpEp’ — K EpEp’
Kk, SpM(Ep_Ep*)Z K “’Ep(lp_lp*)z K “’4Ep(Ap_Ap*)2 K ‘*’Ap(Rp_Rp*)z

2T ooy T K~ Ky~ Ry —

EpEp Iplp ApAp RpRp

K “’3Ip(Rp‘Rp*)2

57 L 5 *

RpRp

2
L=k (% + 1177 (S, — S, ") (Ap — 4y) + 1267 (S, = 5" (Ip —

. . . MApSpe MPH(Ey=Ep')" | malpSpeMPT(Ep—Ep")’
I )+773(M—M )(SP_SP ))_K2< = EpEp*p S E,,Ep*p t

+

*\ 2 0\ 2 A2 A\ 2
13 SpM(Ep—Ep")"\ K wEp(lp—Ip")" K wsEp(Ap—4p")" K wAp(Rp—Rp")
EpEp’ Iply® * ApAp® > RpRy”

w3lp(Rp=Ry")’
RpRp” )
ForK; = K, = K3 = K, = K5 = 1, we have

2
" (% + U1e_upr(5p - Sp*)(Ap - AZ) + er_”pr(sp - Sp*)(lp -

dt
A5 e HpT(E —F *)? LS. e~HpT(E _E *)?
I*)+T]3(M_M*)(S _S*) _ N14pop (*P p)+7]2pp (*p p)+
P p p E,E. EpE.
p=p pEp

* 2 * 2 * 2 * 2 * 2

13 SpM(Ep=Ep")" | _ wEp(p=lp’)”  @aEp(Ap=4p")"  [@Ap(Rp=Rp’)” | wslp(Rp=Rp’)"\ _ 0
EpEp” Iply" ApAp” RpRy" RpRp” -

av av . * « * .
:ESOfochm,id>1, andE=Oonly it S,=8,lp,=10,,4, =4, R, =Ry,".
Therefore, the only trajectory of the Egs. (1) to (6) on Which% = 0 is C,. Hence, by

Lasalle’s invariance principle, C, is globally asymptotically stable (GAS) in T

5 Numerical consequences

The numerical solution of Egs. (1) to (5) is good agreement of the dynamical behavior of
the model by using different values of the limits. Chen et al. [Chen, Rui, Wang et al.
(2020)] have presented the description of limits as follows:

s =05, ny =0.05, n, =0.05, u, =05, w =0.00047876, n; = 0.000001231,

wy, = 0.854302, w; = 0.01, w, = 0.000398, w; = 0.09871, w, = 0.1243, T = 0.5
for Reopig < 1. For Reppig > 1, mg=0.5,n, =105, n, =105, u, =05, w =
1.00047876, n; = 0.000001231, w, = 0.854302, w; = 0.01, w, = 0.000398, w; =

0.09871, wy = 0.1243, m = 0.5. by using different non-negative initial conditions
5,(0) = 0.5, E,(0) = 0.2, 1,(0) = 0.05, 4,(0) = 0.05, R,,(0) = 0.1, M(0) = 0.1.
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In Fig. 2, we have plotted each compartment of the delay model without time delay
reason for COVID free equilibrium.
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Figure 2: Time plots of Egs. (1) to (5) for different parameters as g = 0.5, n; = 0.05,
n, =0.05, up, = 0.5, w =0.00047876, n; = 0.000001231, w, = 0.854302, w; =
0.01, w, = 0.000398, w3 = 0.09871, w, = 0.1243, m = 0.5, T = 0, by using initial
conditions and R.,,;q = 0.0171 < 1

In Fig. 3, we have plotted each compartment of the delay model without time delay
reason for COVID present equilibrium.
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Figure 3: Time plots of Egs. (1) to (5) for different parameters as r; = 0.5, 7; = 1.05,
n, =105, up, = 0.5, w = 1.00047876, n; = 0.000001231, w, = 0.854302, w; =
0.01, w, = 0.000398, w3 = 0.09871, w, = 0.1243, = = 0.5, T = 0, by using the initial
conditions and R_,,iq = 1.2171 > 1
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Figure 4: Time plots of Egs. (1) to (5) for different parameters as r; = 0.5, 7; = 1.05,
n, =105, up, = 0.5, w = 1.00047876, n; = 0.000001231, w, = 0.854302, w; =
0.01, w, = 0.000398, w3 = 0.09871, w, = 0.1243, = = 0.5, T > 0, by using the initial
conditions and R,y = 1.2171 > 1

In Fig. 4, we have observed the increase in delay tactics or delay term, the result is
symptomatic infected humans reduce without any change in the transmission rate. Even
though, we can see symptomatic infected humans exponentially decreases by the increase
in delay tactics. Eventually, symptomatic infected humans become zero in Fig.4 when t
=0.394. So, it means humans become corona free and R.,,;¢ = 0.9995 < 1. According
to given real data, if we used delay tactics like social distancing, quarantine, travel
restrictions, holiday extension, hospitalization and isolation for about one hundred and
forty-three days (7 = 0.394 year) then we can overcome the pandemic of coronavirus.
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5.1 Effect of delay factor

In Fig. 5, we have plotted the comparison of delay reason and reproduction number of
coronavirus model. We have concluded that the increase in delay tactics can change
coronavirus present equilibrium to corona free equilibrium, which is quite the delay
reason or delay tactics in a pandemic of coronavirus can help to control and overcome it.
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Figure 5: Comparison of delay factor and reproduction number

6 Conclusion and guidelines

The nonlinear delay dynamical modelling is a suitable tool to study any pandemic.
During, the outbreak of coronavirus cure or vaccination cannot report as soon. Due to
worldwide disaster, there is only delay tactics like quarantine, isolation, social distancing,
etc. have used as vaccination to overcome the pandemic of coronavirus. If we can use
delay tactics about one hundred and forty-three days than symptomatic infected
ultimately moves to zero and eventually, susceptible humans will increase with delayed
factor. The inverse relationship holds between infected and susceptible humans. As future
work, we can extend this idea to all epidemic diseases and other biological problems.
Also, the delay effect could be introduced in stochastic epidemic models and stochastic
fractional-order dynamical systems. We shall introduce the idea of a delay in non-
linearity coupled multiplex networks as presented by Zhou et al. [Zhou, Tan, Yu et al.
(2019)]. Also, this analysis shall be extended in neural networking dynamics with fixed
intervals as presented by Yu et al. [Yu, Liu, Xiao et al. (2019)].
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