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Abstract: In this paper, COVID-19 virus model with effect the carrier to outbreak of
epidemic is investigated. The outbreak of Covid-19 virus, is described by a
mathematical model divided the population into four classes. The first class describes
the susceptible unaware to disease, the second class the susceptible with has aware to
disease by media coverage, the third class the carrier individuals and the last class is
infected individuals. The existence, uniqueness and bounded-ness of the solutions of
the model are discussed. All possible equilibrium points are determined. The locally
asymptotically stable of the model is studied. Suitable Lyapunov functions are used to
investigate the globally asymptotical stability of the model. Finally, numerical
simulation is carried out to confirm the analytical results and understand the effect of
varying the parameters on spread of disease.

Keywords: Coronavirus, Covid-19, Stability, Awareness, Media programs, Carrier of
disease.

1. Introduction:

In 14" century Europe, some 25 million people out of a total population of about 100
million died from the Black Death [1]. In 1817 the first cholera pandemic, also known
as the first Asiatic cholera pandemic or Asiatic cholera, began near the city of
Calcutta and spread throughout Southeast Asia to the Middle East, eastern Africa and
the Mediterranean coast see [2,3]. While cholera had spread across India many times
previously, this outbreak went further, it reached as far as China and the
Mediterranean Sea before subsiding. Hundreds of thousands of people died as a result
of this pandemic, including many British soldiers, which attracted European attention.
This was the first of several cholera pandemics to sweep through Asia and Europe
during the 19th and 20th centuries. This first pandemic spread over an unprecedented
range of territory, affecting almost every country in Asia. In November, 2002, the
severe acute respiratory syndrome coronavirus (SARS-CoV2) emerged in China
causing global anxiety as the outbreak rapidly spread, and by July, 2003, had resulted
in over 8000 cases in 26 countries. The SARS epidemic in 2003 reported 8098 cases
with 774 deaths, and was eventually brought under control by July, 2003, in a matter
of 8 months [4-7]. In December, 2019, a novel coronavirus, named SARS-CoV-2,
emerged in Wuhan, China, and led to a rapidly spreading outbreak of coronavirus
disease 2019 (COVID-19). By Jan 30, 2020, COVID-19 was declared a public health
emergency of international concern. It caused more than 7,000 deaths out of 177,500
cases in the world see [8-12]. In this work, we proposed and studied the effect of
awareness by media coverage on COVID-19 pandemic mathematical model
dynamics. Further, the effect of direct contact with carrier individuals at first 14 days
on outbreak the Coronavirus in the population.
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Figure 1: Outbreak Coronavirus due to Carrier by contact

As well, local as well as global stability analysis of the proposed model is also
investigated. Finally, we want know the effect of all the parameters as (awareness
rate, incidence rate, prevention rate of disease and carrier) by solve this model
numerically.

2. Model Formulation
We formulate the coronavirus model with effect carrier class on outbreak disease. We
can assume that the total population of human denoted by N subdividing into four
compartments: unaware susceptible (S,,) , aware but still susceptible (S,), carrier (C),
and infected but in quarantine. Thus, N=S5,+S,+C+1. Let (v)be the
coronavirus with grows logistically. We have the following model describes COVID-
19 virus by nonlinear ordinary differential equations:

Sy = Y —aS, — BSyv—6S,C — pS,

S, =aS, — B,(1 —€)S,v—o0,(1—€)S,C—puS,

C=BS,v+p(1—€S,v+0S,C+0,(1—€)S,C—(n+6+y)C (D)

= yC—(u+0)I

V=rv (1 - Y) — uv

k

Subject to initial conditions S, > 0,5, >0, >0, 20,v >0 . in system (1) the
birth rate of humans is given by W > 0. The awareness rate is given by a = 0. The
parameters = 0,8; = 0,0 > 0 and o7 > 0 respectively measure the contacts rate
between susceptible with carrier and covid-19 virus. The natural death rate in humans
and covid-19 virus is by u > 0. 8 > 0, is the death due to the disease. After (14-20)
days, symptoms of the disease begin to appear on the carrier is given by a rate y > 0.
Prevention of disease is given by a rate (0 < e < 1). r and k are respectively, the
intrinsic growth rate and carrying capacity of COVID-19 virus.

Theorem (1): All solutions of system (1) which initiate in R3 are uniformly bounded.
Proof: Let w(T) = (N(t), v(t))
where N(t) = S, (t) + S,(t) + C(t), +I(t);



Then
&= (d—N d—”) = (¢—u5u—uSa—(u+9)C—(u+9)I,rv(1 —%)—uv)

dt ~ \dt ’dt
We know that
dN

- = Y — qN,where q =min{u,u+ 6}

Which implies that
lim,_, . supN(t) < %
While, the last equation of system (1) it follows that

sup <rv (1 - %)) < %

y © < rk
lim sup v(t) < i
This completes the proof of theorem [

3. Existence of equilibrium points

It is easy that the infected population 7 is related with carrier population only . Hence
for fixed value of C, the value of / can be determined directly by solving the fourth
equation in system (1). Then, we can calculate the value of / the following form

_ VG
T u+ 2)

Consequently, for simplifying, system (1) can be reduced to the following system, in
which we can determine the value of 7, by solving it,

Sy = U —aS, — BS,v —0S,C — uS,

S'a = aSy — 81(1 - G)SaV - 01(1 - e)sac — US,

C=pSy,v+pB,(1-€)S,v+0S,C+0,(1—€)S,C—(u+6+y)C 3)
o — Y\ _
V= rv(l - k) uv

Now, we can calculate the reproduction number of system (3) and denoted by R,
such that
oSuo r
- u+o+y ; “)
Therefore, system (3) has at most three biologically feasible points, namely, E; =
(Sui»Saiy Ciyvy), 1 =0,1,2. The existence conditions for each of these equilibrium
points are discussed in following:
e In the absence of COVID-19 virus, that is S, = C = v = 0. Then, system (3)
has a unique positive equilibrium point, namely COVID-19 free equilibrium
point, which denoted by Ey = (Sy0,0,0,0) where

o

Suo = (5a)
provided that the following condition holds
a=0 (5b)

e In the absence of carrier (C = 0). Hence, system (3) has an equilibrium point
namely carrier free equilibrium point, which denoted by E; = (5,1, S41,0,v1)
where:



__ay
Sar = ula+p) ’ (62)
v, = (r-wk

T
exists under the condition
r>pand f=£,=0 (6b)
e The endemic equilibrium point or COVID-19 equilibrium point, which
denoted by E, = (Sy2, Saz, Ca, V3), where

— ry .
Sz = ;
ra+p(r—-u)k+ru+raC
2
ar
Saz = Tt ; (7a)
A1 C2+A,C+A3
r—wk
v, = (r-uw

T
here

A= o, (1—e)ric

A, =p 1 —e)r—wkro+ o, 1 —erlra+ G — wk +ru]l +r? uo

Az = [B(A—e)(r —wk +ru]lra + B(r — Wk + 1]
exists under the condition

r>u (7b)

Now, substituting the equation (7a), in 3™ equation of system (3), and simplify that
result we get

D,C* + D,C3® + D3C?> +D,C+ D=0 (8a)
Where
D= —-@y+6+wr?cA; <0
D, = or?YA; —(y + 0+ w)(r?a + B(r — wkr + r?u)A;, — (y + 0 + pr?cA,
D; = B(r — wWkryA, + or?YA, + 0,(1 — €)ar*Yo

—G+O0+wE?a+ Br—wkr +r2u)A, — (y + 0 + wr?cA,
Dy =B(r — wWkrd; + p1(1 — €)(r — Wkar3yo + or*PA;
+o,(1 — e)ar3y(ra + B(r — Wkr + ur)
—(r+0+wW0*a+Blr—whkr +1°w)

Ds = B(r — wkryAz; + p1(1 — €)(r — Wkar’*Y(ra + f(r — Wk +ru) >0
Obviously, the endemic equilibrium point exists unique if and only if the following
condition holds

Dy;>0,D,>0 (8b)
OR

D, <0,D;<0 (8c)

4. Local stability analysis
In this section, the local stability analysis of the all equilibrium points E;, i = 0,1,2
of system (3) studied as shown in the following theorems.

Theorem (2): The COVID-19 free equilibrium point E, of the system (3) is locally
asymptotically if the following condition is satisfied

R <1 ©)
Proof: The Jacobian matrix of system (3) at E, can be written as



—u 0 _USuO _IBSuO

JGuw0,000) =1 o o G5 —(y4+0+u) BSu
0 0 0 r—u

Thus, the eigenvalues of J(E,) are given by

Mh==—u<0

A3 =08, - +0+up)

Ada=1r—u
It is easy from above to verify that condition (9) guarantees that the eigenvalue A; and
A4 are negative. Then, E, is locally asymptotically stable. However, it is saddle point
otherwise. ]

Theorem (3): The carrier free equilibrium point E; of the system (3) is locally
asymptotically if the following conditions are satisfied
0SSy +o(1—€)Sqy; <(y+6+p (10a)
kr < 2rvy + ku (10b)
Proof: The Jacobian matrix of system (3) at E; can be written as
](Suli Sali O! Ul) =

/—(a +u) O —0S,1 0 \
a —u —0,(1—€)S,, 0
0 0 oSyu+o(1—e)S,u—(+6+pw 0
0 0 0 =24 (r— )

Thus the eigenvalues of J(E;) are written by

A= —pu<0;

A3 = 0S8y +0,(1—€)Sq — (y+0+p);
=211,

do= 40—

It is easy from above to verify that conditions (10a) and (10b) guarantees that the
eigenvalues A;, i = 3,4 are negative. Then, E; is locally asymptotically stable.
However, it is saddle point otherwise.

Theorem (4): The COVID-19 equilibrium point E, of the system (3) is locally
asymptotically if the following conditions are hold

205, +20,(1—€)S;, <y+0+pu (11a)
k (2BSyz + 281 (1 —€)Syy + 1) < 2rvy, + ku (11b)

Proof: The Jacobian matrix of system (3) at E, can be written as

b11 O b13 b14-
b21 b22 b23 b24~
b31 b32 b33 b34~

0 0 0 by

](SuZ'SaZ' Cz:”z) =

Here



by, = —(a+ Bvy+0C, + 1) ; bis = —0Suz; bia = —BSuz;

by =a; by = —(B1(1—€v, +0,(1—€)Cy + ) ;

by3 = —01 (1 —€)Saz; bpa = —f1(1 — €)Sg,

bs; = Bv, +0Cy; by, = 1 (1 —€)vy, +0,(1 —€)Cy;

by = 0S8y, +01(1 = €)Saz — (¥ + 0 + 1) 5 b3a = BSyz + f1(1 — €)Saz
_2:]2 + (r—p); big = by = byy = b3 =0

Now, according to Gersgorin theorem [13], if the following condition holds:

4
|b;| > Z|bij| =P
=1

i#j
Then all eigenvalues of J(E,) exists in the region:

by =

4
Q=UiU*eC: |U*_bii|<2|bii|
=1

=
L#]
Then, all the eigenvalues of J(E,) exists in the disc centered at b;; with radius P;.
Thus if the diagonal elements are negative and the condition (11a) holds, all the
eigenvalues will be exist in the left half plane and the E, of system (3) is locally
asymptotically stabile. Clearly conditions (11a)-(11b) guarantee the existence of all
eigenvalues in the left half plane and the proof follows. [

5. Global stability analysis

The propose of this section is investigate the global stability of COVID-19 virus
model given by equations in system (3) near COVID-19 free, carrier free and
COVID-19 points respectively given by E;, i = 0,1,2. We obtain the result in the
following theorems

Theorem (5): If the E, is locally asymptotically stable, then it is globally
asymptotically stable provided that the following conditions hold:

Sy < min {“f%%} (12)

Proof: Consider the following function

Vo(Sy,Sq,C,v) = (Su — Su0 — Swo ln;—u) +S,+C+v
uo
Clearly, V,: R — R is a continuously differentiable function such that
Vo (Su0,0,0,0) = 0 and V,(S,,S,, C,v) >0, V (S, S. C,v) # (Su0,0,0,0) . Further,
we have
dVO Su - SuO
= () W= BS.v = 05, — Sl + [=Bi(1 = 95w = 011~ )S,C — 5]

+[BS,v+ B (1 —€)S,v+0S,C+0,(1—€)S,C—(y+86+uC]
+ [(r - v — %vz]

Now, by doing some algebraic manipulation and using the conditions (9a) and (12),
we get

dVO - 2 T 2
—= _(Su_SuO) —MSa—[(V+9+ﬂ)—05uo]C——v _[(ﬂ_r)_ﬁsuo]v
dt = S, K



Obviously, V, = 0 at Ey = (Sy0,0,0,0), moreover V, < 0 otherwise. Hence V, is
negative definite and then the solution starting from any initial point satisfy the
conditions (9a) and (12), will approaches asymptotically to COVID-19 free
equilibrium point. Hence the proof is complete. [

Theorem (6): Assume that E; is locally asymptotically stable, then it is globally
asymptotically stable provided that the following conditions hold:
0SSy +o,(1—€)Spu <y+60+u (13a)
kr <rvyv +ku (13b)

() <+ ) (130
Proof: ansider theufollozving function

Vl(Su:Sa: C, U) = (Su - Sul Sul In ul) + (Sa - Sa1 B Sa1 ln;_a) +C

al

+(v—v1—v11nz)

Clearly, V;: R — R is a continuously differentiable function such that
Vi (Sy1,S41,0,v1) =0 and V;(S,,S., C,v) > 0,V (S, So, C, V) # (Syu1,Sa1,0, v1).
further, we have

avy

” = (Susju1) [LIJ _ 6{5 O'S C— #Su] + ( a 5a1) [aSu - 0-1(1 - E)SaC _“Sa]

+[0S,C +0,(1—€)S,C—(y+6+uC]+ (v vl) [(r —wv — %vz]

By using the above conditions (13a)-(13c), we obtained that

d
T < /‘””(s Sut) - f(s Sar)

—[(r+6 +p) —(0Sy; +0:(1 = €)Sa1)]C — _U(U - 171)2
B [r (r —u)

A Uy — ] (v —v,)?

Clearly, V; =0 at E; = (5u1.5a1, 0,v;), moreover V; < 0 otherwise. Hence V; is
negative definite and then the solution starting from any initial point satisfy the
conditions (13a)-(13c), will approaches asymptotically to carrier free equilibrium
point. Hence the proof is complete. |

Theorem (7): Assume that E, is locally asymptotically stable, then it is globally
asymptotically stable provided that the following conditions hold:

0SSy +o,(1—€)Sp, <y+60+u (14a)
k(r—p) <r(v+wv,) (14b)
()? < % (a+u+prv+oC)(B(1—€v+o0,(1—€)C + ) (14¢)

(6Sy, — Bv — a()? <§(a+u+,8v+aC)

(14d)
XY +0+u— (08, +0,(1—-¢€)Sy))



(BSy )? < % (a+u+pv+o0) (% (w+v,)—(r —u)) (14e)

(01(1 = )Saz — fr(1 — v —5:(1 — €)C)? < 7 (B;(1 = E)v +01.(1 — €)C + 1)
Xy +6+pu—(0S,+0(1-¢€)Sq2))

.......... (141)
(Br(1 = ©)Sa2)? < 5 (Bi(A = €Ev +0,(1 = C + 1)
" (149)
x(fw+v) = (- w)
(BSuz + Bi(1 = €)Sa2)? < 3 (¥ + 6 + = (0Suz + 01(1 — €)Sa2)) )

x(Ew+v) - -p)
Proof: Consider the following function

Sy — Suz)2 + (Sq — Saz)z " (o Cz)z " (v - 172)2

VZ(Su:Sa: C' U) = 2 2 2 2

Clearly, V,: R — R is a continuously differentiable function such that
V5 (Syz2s Sazr €2y v5) = 0 and V, (S, S,,C,v) > 0,V (S, S, C,v) # (Syz, Saz, C2,v3) .

dv,
W = (Su - Suz)[qJ —as, — IBSuU — 05,0 — “Su]
+(Sa - Saz) [aSu - :81(1 - E)Sav - 0-1(1 - E)SaC - ﬂSa]
+(C - CIBSyv+ B (1 —€e)S,v+0S,C+0,(1—€)S,C—(y+0+pu]
+(w =) [t = v - v?]

Furthermore by taking the derivative with respect to the time and simplifying the
resulting terms, we get that

% = — [% (Su = S5u2)? = q12(Sy = S12)(Sq — Sa2) + %(sa - Saz)z]
- [% (Su = Su2)? + q13(Sy — Su2)(C = ) + qgﬁ(c h CZ)Z:
- [% (Su = Su2)? + q14(Sy = Su2) (v —vp) + % (- UZ)Z:
[ (5, — 50 + 25 (S = Su)(€ — € + 2 (C — 7]
(222 (5, a2 + (S0~ Su) (v = v) + L2 0 - 0,?]
- [% (€= C2)* = q34(C = C)w—vy) + % Ch UZ)Z]

Consequently by using the above conditions we get that



2
dv, < q11 q22
2 = TINF G Swe) — |5 Sa — Se2)
) 12
~[JB =) + [ -6
. 2
[ S) + [ - v)
: 2
[P Sa = Sa) + [ (€ - )
) 2
| (Sa = Sa) + %(v—vz)]
2
q q
|- [Eo-w)
Where
quu=a+u+pv+oC, q,= a, Q2 = P1(1—€6)v+0,(1—€)C+u
(13 = 08y — pv —oC, sz =V +0 +u—(0S,; +01(1—¢€)Sy)
q1a = BSuz » Gza = B1(1 —€)Syy, qaa = %(U +v,) = (r—u)

q23 = 01(1—€)Sg; — ,31(1 —e)v—o0,(1-¢€)C, qz4 = BSyuz + P1(1 — €)Sys

Hence V, is negative definite and then the solution starting from any initial point
satisfy the conditions (14a)-(14h), will approaches asymptotically to COVID-19
equilibrium point. Hence the proof is complete. [

6. Numerical Simulation

In this section, we present the numerical simulation results and effect the parameters
of the analytic results of system (1). Using MATLAB verginl5 and C++ software, we
begin the simulation with a set of hypothetical values of parameters which are
described in section 2, that we written in following

Y=3;a=4; ,=001; 0=03; u=0.1; $=0.03;0,=0.1 L5
y=01,; r=2 ;€=0.01,6=0.02 ; k=0.5; R.=818.1 (135)

To know the impact the variation of awareness rate a on behavior of system (3), with
keeping other parameters fixed as given in equation (15). We obtain the trajectories of
system (3) to COVID-19 equilibrium point when the value of @ = 0,4, which is
shown in Fig. 2.
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Fig. 2 Time Series plot for varying the awareness rate. (a) without awareness a = 0,
(b) with awareness @ = 4. With initial condition (0.7,0.9,0.6,0.5,0.01).

We summarize that the increase the awareness rate just isn't enough to reduce the
epidemic. And we observe that the number of S, are increasing. But the numbers of
S, ,C and [ are decreasing.

Furthermore, the effect of prevention rate of disease € is not most different on effect
the awareness rate if we change value it only. with keeping other parameters fixed as

given in equation (15), which is shown that in Fig. 3.

(a) (b)

10 10

Population
Population

0 0
0 2000 4000 6000 8000 0 2000 4000 6000 8000

Time Time
Fig. 3 Time Series plot for varying the prevention rate of disease. (a) without
prevention of disease € = 0, (b) with prevention of disease € = 0.8. With initial
condition (0.7,0.9,0.6,0.5,0.01).

Clearly, the prevention rate of disease increase, we observe that the number of S;, and
S, are increasing. But the numbers of C and I are decreasing.

Now, we discuss effect the awareness rate and prevention rate of disease together,
with reduce values of the contact rate on dynamical behavior of system (3). Hence, we
can change in equation (15), became

Y=3;a=4;==0; u=01; $=0.03; =0, =0.01 16
y=01; r=2 ;e=08,60=002 ; k=05; R. =272 (16)

We obtain the trajectories of system (3) to carrier free equilibrium, which is shown in
Fig. 4.
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Fig. 4 Time Series of trajectories of system (3) to carrier disease point. (a) unaware
susceptible, (b) aware susceptible, (c) carrier, (d) infected, (¢) coronavirus. With
initial condition (0.7,0.9,0.6,0.5,0.01).

We summarize that, if the value of the awareness and prevention of disease rates
increasing with reduce the contact rates. Then, we get the number of carrier and
infected goes to zero and the trajectories of system (3) to E; = (1.4,28.5,0,0,0.47).

7. Discussions and conclusions

In this manuscript, an COVID-19 epidemic model is proposed and discussed. This
model has three feasible equilibrium points are COVID-19 free, Carrier free and
COVID-19. The results of the proposed work may be used to shown and understand
the effect of awareness rate, prevention rate of disease and contact rate with carrier.
The stability (local and global) of the model has been analyzed at all equilibrium
points.it has been obtained that COVID-19 free is locally asymptotically stable if the
condition (9) is holds and it is global stable if the conditions (12) is holds. While, the
Carrier free point is locally asymptotically stable if the conditions (10a)-(10b) are
hold and if conditions (13a)-(13c¢) satisfied we get it is globally asymptotically stable.
Similarly, for COVID-19 point it has been obtained under certain conditions for
locally as well as globally asymptotically stable. To validate the analytical results, we
have executed the numerical simulations for investigating the dynamics of COVID-19
model. it has been obtained that the awareness factor only isn't enough to reduce the
epidemic. Similarly result by prevention rate of disease. But we can reduce the
epidemic dangerous by applied the all it together.
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Figures

The Effect of Carrier to outbreak the COVID-19

Figure 1

Outbreak Corona-virus due to Carrier by contact

{a) by
I-I — I-I —
=
‘l‘
i i i
—- —
[ —
] 1]
£« =
= -
- -
s £
&= =
4 r- 4
2 |
o = . o2 = = =
L] T I LT R [} pLT ] MY LT L]

Tl Fime

Figure 2



Time Series plot for varying the awareness rate. (a) without awareness a = 0, (b) with awareness a = 4.
With initial condition (0.7,0.9,0.6,0.5,0.01).
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Figure 3

Time Series plot for varying the prevention rate of disease. (a) without prevention of disease Oe = 0, (b)
with prevention of disease e = 0.8. With initial condition (0.7,0.9,0.6,0.5,0.01).
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Figure 4

Time Series of trajectories of system (3) to carrier disease point. (a) unaware susceptible, (b) aware
susceptible, (c) carrier, (d) infected, (€) coronavirus. With initial condition (0.7,0.9,0.6,0.5,0.01).



