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Abstract

This article deals with the dynamical behaviors for a biological model of epidemic diseases with
holling type III treatment function. A Crowley-Martin formula to transmission of disease with
coverage media programs effect on the population are introduced and investigated. Through some
basic analyses, an explicit formula for the basic reproduction number of the model is calculated, and
some results such as the stability analysis and instability of all equilibrium points for the model are
established. The local bifurcation occurs near all equilibrium points for the model under some special
cases that are studied. The numerical simulations are executed to confirm the theoretical results.

Keywords: Infection Diseases, Treatment Function, Awareness Programs, Local Bifurcation,
Crowley-Martin formula.

1. Introduction

Since the early twentieth century, researchers have designed many epidemiological models that
play a fundamental role in understanding the spread of infectious diseases and drawing appropriate
and emergency planning to control their spread and reduce risks by developing appropriate policies.
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Therefore, mathematical models have become important and essential tools in facing the challenges
facing public health [7, 13, B, [I1]. In recent years, there has been an evolution in mathematical
models that have become concerned with studying important factors that help reduce the spread
of diseases and control them such as (treatment, vaccination, disease transmission mechanism and
awareness programs), [6l [18].

The vaccine rate is defined a product that stimulates a person’s immune system to produce
immunity to a specific disease, protecting the person from that disease and the treatment rate is
defined a crucial part to reduce the spread of epidemic diseases. While, The incidence rate or
transmission rate of disease is defined as the number of infected individuals per unit time as (hours,
days, weeks, month or year). The definition of awareness programs is program designed to increase
awareness of a diseases or anything for more inform [7-14]. Moreover, there are more than one
formula for both incidence rate and treatment such as Kumar et al. [8], proposed SEIR epidemic
model with nonlinear incidence and treatment rates. Kumar and Nilam introduced SIR epidemic
model with delay involving Crowley-Martin type incidence rate [9]. Yang and Wei studied and
analyzed mathematical model for epidemic disease with Crowley-Martin incidence rate and treatment
effects[20]. Adnani et al. studied stability analysis of SIR epidemic model with specific nonlinear
incidence rate [I]. Dubey et al. [4], suggested SIR model with nonlinear incidence rate and treatment
function.

In this study, we are aiming to analyze an epidemic diseases dynamical model of SIS type with a
Crowley-Martin incidence rate and holling type III treatment function. This incidence function will
cover a variety of incidence functions presented in all the studies cited previously. Another important
feature of our model is the fact that we include also awareness effect by the media coverage to reduce
and control of the diseases spread such as [I5, 12]. On the other hand, we discuss the changes
in dynamic behavior or so-called bifurcation that received great attention due to they have been
observed in the incidence of many infectious diseases. Hence, The rest of this work is outlined as
follows. In the next section, we will discuss the well posed of the proposeded model by confirming
the existence, positivity and boundedness of solutions. In Section 3, we present an analysis of the
model such as calculate the basic reproduction number of this model and equilibrium points. In
Sections 4,5, we prove the stability analysis of the all equilibrium points. In Section 6, we discuss
the local bifurcation accrue near all the equilibrium points. Finally, numerical simulations are given
in Section 7, to confirm the analytic results and the comparison with the numerical results.

2. Model formulation and basic properties

2.1. Model formulation

We develop and formulate a biological mathematical model by nonlinear ordinary differential
equations in this section. This model describes of an infectious disease of SIS type in the population.
To understand the dynamical behavior of the proposed model we assume that the population is
divided into three compartments are: the all susceptible individuals and unawareness of the disease
S(t), the individuals who have awareness of the disease S,(t), the all infected individuals I(t), the
media programs for awareness denoted by M (t). The way disease transmission is direct contact
through nonlinear function. Finally, the infected individuals can treat them with a type III function.
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All the above hypotheses can be written as below

dS BS] a1[2

2 —~SM — _

a =M s e s a ey Tiene MY
15 _ YSM — pSa,

dt (2.1)
d_] . 6SI . CL1[2 —ul

it~ 1+aS)1+00) 1+02 M
dM
E = pS - O'M,

with the initial conditions S (0) > 0; S, (0) > 0; I (0) > 0 ,M(0) > 0.

All the parameters in the propose model are positive. The birth rate in the population is v, the
transmission rate of disease is § with « is a measure of inhibition effect, such as preventive measure
taken by susceptible individuals and 6 is a measure of inhibition effect such as treatment with respect
to infective, the term % represented to treatment function such that a; is treatment rate and by
is limitation rate in treatment availability, the death rate is u, the media rate represented by +, the

implementation rate of media campaigns is denoted by p and diminishing rate is represented by 6 .

2.2. Boundedness

Theorem 2.1. The uniformly bounded of the any solutions are discussion in the following.
Proof . Let (S(t), Sa(t), I(t), M(t)) is the solution of the model (2.1)) with positive initial condition
(5(0),.5,(0),1(0),M(0)), we assume that

N(t) = S(t) + Sa(t) + 1(1),
by the derivative of N(t) along the solution of the model , this gives

dN
d—:’l?b—[lj(S‘FSa"‘I),
g ]’{[ (2.2)
— < —uN.
a = "
which implies that
. Y
tliglo supN(t) < " (2.3)
while, the last equation of system (2.1)) it follows that
dM
— < pS—0M,
dt ) (2.4)
M(t) < —.
o
By similar way we get:
M(t) < @, as t — oo. (2.5)
op
We obtain that, the solution of model (2.1)) are confined in the following region
Q:{(S,SG,J,M)?Ri:Ngf,ogMg@}. (2.6)
I op

Clearly, we have any solutions of model (2.1)) are uniformly bounded. O
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3. The Number of Equilibria Points

obviously, the aware susceptible S, is related with variables S(¢) and M (¢) only. Hence for find
values of, S(t) and M (t), the calculate value of S, can be found simply by solving the model (£2.1)).
In fact, we can determine the value of S, by the following equation

SM
L= (3.1)
1+p
Consequently, we can reduced system (2.1)) and rewrite it to the following system
ds BSIT a, I?
2 —~SM — _
a =M aTesa Ty T1ene MY
2
ar _ BSI _all g (3.2)
dt  (1+aS)(1+6I) 14012
dM
— =pS —0oM.
a e

Now, we can computing the reproduction number for the given system (3.2)) and denoted by Ry, such

that g
b5 (3.3)

pu(l+ aSo)
Therefore, system ([3.2)) has at most two biologically feasible points, namely, E; = (S;, I;, M;),i = 0, 1.
The existence conditions for each of these equilibrium points are discussed in following;:

Ry =

e The first equilibrium point is exist when I = 0 , and called disease free steady state which
denoted by Ey = (S, 0, My), where

o
As well as, Sy is a positive through the following quadratic equation
AySE+ AySy+ Az = 0. (3.5)
Such that
—(Ag + /A3 — 4A, A3)
So - )
2A,
—pP
A= —— :
1 P ) (3 6)
AQ = — U,
A3 = 1/}

e The endemic steady state, denoted by E; = (51, I1, M;) such that

M ="Ls,. (3.7)
g

While (S, 1) represents a positive intersection point of the following two isocline:

f(S, I) = 7’153 + T253]3 + ?”35312 + T453[ + 7’552 + T652I3 + 7’75212 + 7’8521
—|—7"98+7"105[3 +T115[2 +T125[—|—T13[3 + 7“14[2 —|—7"15I+7“16 =0
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9(S,I) = 1 SI? + oI + @3ST? + quI* + ¢5S1 + g6l + ¢S + gs = 0. (3.9)
Here,
ry = —ypa, Ty = —ypabby, T3 = —7ypaby,
ry = —ypad, rs = —(vp + poa), re = —(ypOby + poabby),
re = —(ypbi + poab), rs = —(yp0 + poad), rg = (Yoo — po),
r10 = (Yoabby — foby + ajoald — pobby) riy = (Yobby + ayoa — poby), 112 = (Yoal — fo — pob),
r13 = (Yobby + ay00), r4 = (Yoby + ay0), ris = Yob,
16 = Y0, @ = —pabby, g2 = —pba,
g3 = (Bby — a1 — paby), g1 = —(a10 + pby), g5 = — (a1 + pad),
g5 = —(a1 — pd), a7 = (B — pa), Gs = —pt

It easy, when I — 0, we get the equations (3.8]) and (3.9)) becomes as follows

F(S) =S + 7552 + 195 + 116 = 0, (3.10)
9(8) =475 + g3 = 0. (3.11)

Obviously, by using Descartes rule equation (3.10) has a unique positive root S, However,

equation (3.11]), has a positive root S = _q—‘is. Then, the equations (3.8) and (3.9)) have a unique
positive root and the endemic equilibrium point F; exists if the following conditions are satisfy

a<min{g,§},

S<S

oI af .

@I—g—iﬂl (3.12)
ar

ol 2

_:_B_<O'

0S a_?

4. Local dynamical behavior

In this section, the stability analysis investigation of model (3.2) about E;,i = 0, 1 are studied in
the following theorems.

Theorem 4.1. The disease free equilibrium point Ey of the system (3.2)) is locally stable under
Ry < 1.

Proof .From the linearization method of system (3.2) about Ey we have

—yMy — é}s;i?o) —vSo
J(Ep) = 0 (1+Oé(~)5'0) —u 0 (4.1)
p 0 —0

Therefore the characteristic equation is

K% _“) B A] X+ Ad+ Az] =0, (4.2)
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Here,
Ay = ~yMy + p+ o, Ay = (vMy + p)o + vpSo. (4.3)
Consequently the eigenvalues of equation (4.2)) can be written in below
N )
! (1 + OZSO) a

A2 — 44, , (4.4)

Therefore, all the eigenvalues have negative real part and hence the disease-free equilibrium point
1s locally stable in case Ry < 1. UJ

Theorem 4.2. The local stability about Fy of system (3.2)) is guarantee when Ry > 1 and the
following sufficient conditions

Bs1 {20, 1, }
(Ut as)(L+00)° ~ (1+ b2 (4.5)

—Bs1 {2a: 11} BI,
(I+as)(1+00)2 " (1+ 51112)2} {(1 +05)(1+as)?| ~ 7 (4.6)

Proof . From the linearization method of system (3.2)) about E; we have

BI —Bs {20111}
—YMy — GmaTasz — M (TFasn) (L1012 +{ (1+b11}112)2 75
— BI Bs 2a1 1
J(En) = T 0Tan? srmrsrrrryc el ey R (4.7)
p 0 —0
The characteristic equation is given by;
AN+ BiAN? + By) + B3 = 0. (4.8)

Here

By = — (b1 + by + bs3),

By = b11baa — b12ba1 + b11b33 — D13b31 + baobss,

Bs = —b11bagbs3 + bi3baobsy + b12ba1bss,

A = —b11bas [b11 + bao] — b11bss [br1 + s3] — basbss [bag + bas]
— 3b11b22b33 + [b11 + oo + bss] [b12ba1 + bisbai] .

Now, if the conditions of Routh-Hurwitz method (B;(i = 1,3) > 0 and A = BBy — B3 > 0)are
satisfied. Then, we get the all eigenvalues of J(E1) have negative real part roots. Consequently, the
it 1s locally stable under the conditions (4.5) and (4.6)). O
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5. Global dynamical behavior

In this section, the region of global dynamical behavoir of all equilibria points of system ([3.2)) is
studied in below theorems.

Theorem 5.1. The Ey is a globally asymptotically stable when Ry < 1, and provided that the con-

ditions in below
2
P S YM +p\ (o
<M S) <4( 5 )(M) (5-1a)

ﬁ (1,1[

1+ as)1+60) = SO+ hil?) (5.1b)

Proof . We definite the positive function

W()(S,I,M) = (S— So — Solns%) + 1+ (M— M() - MOIDM%O)'

Clearly, Wy : R — R is a continuously differentiable function such that Wy(So, 0, My) = 0 and
Wo(S, I, M) > 0,Y(S,I, M) # (So,0, My). Further,

d’LUo_ S—SO B B 55[ B
i@ s ){@z} TSM (1+a5)(1+91)+h(1) 1S
58[ a1[2 M—MO
{(1+0z5)(1+91)_1+5112_“1 +(T)[pS—UM]

Now, by doing some algebraic manipulation and using the conditions (5.1al) - (5.1b)), we get

dWo M + p s P 15 o 2 BSol

(= _ LA 4 _ M — — — (M — M

g = g S+ (g = g )5 = S) (M= Mo) = 0) T U Tras) (10D
Cl150]2

Consequently, due to condition above dT!V[f < 0. Thus Ey is a globally asymptotically stable under

the conditions (5.1al) and (5.1b). O

Theorem 5.2. The E; is a globally asymptotically stable under Ry > 1, and provided that below
conditions

B(l—l—Ole)S a1(1+]1)
2
(14 aS)(1+60I)(1 + aS)(1+6017) SHt (1+b,12)(1+ 01 13) (52)
Gy < 2011922, (5.3)
075 < 2q11Gs3- (5.4

Proof . Consider the following positive definite function

(S—S)* , (I -0)* (M=)

Clearly, Wy : Ri — R is a continuously differentiable function such that W1(S1, 11, My) = 0 and
Wi (S, I, M) > 0,Y(S,I, M)?R and (S,I,M) # (Si1,, 11, My).
Now, by the derivative with respect to system (3.2) we get the resulting
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aw,
dt

. ﬁS[ CL1[2

=(5=5) [1/’ rSM (14+aS)(1+0I)  1+b12
ﬁSI o CL1]2

1+ aS)1+0I) 1+ b12

—MS] + (I — L).

—pl| 4+ (M — M) [pS — o M].

d;/‘t/l = [%(S — 5%+ q12(S = S1)(I = I) + guo(I — 11)2]
— [%(S — S1)? 4+ qu3(S — S1) (M — M) + qs3(M — M1)2}

Clearly, by the conditions (5.2))- (5.4) we get that

dzfl < — N%(S —S1) + V(I — 11)} 2 - {E(S = S1) + Vaz3s(M — Mﬁ}
Such that

2

B(1+ 601,
=Mt S oD + aS) (A + 00 T
B Bl(1+ aS1)S — (1 +61)1] ar(I + 1)
T A aS) A+ 0D +aS)A+0L)  (1+ b1+ 017
B ar(I + 1) B(1+aS;)S
= 0 rn) a0 P 0+aS) I+ 001+ aS)(1+05L)
Qi3 =751 —p
,q33 = 0.

dwq

i < 0. So, Ey is globally asymptotically stable when the given conditions are

It is easy see that,
satisfied. [

6. The Bifurcation Analysis

In the next theorem the conditions of bifurcation occur of system (2) is established. Mathemati-
cally bifurcation of the system means that if the change a parameter value in special cases then the
solution of the system will change according to this parameter for all the time. Now, we can write

system (3.2) in the formula: %X = F(X), here X = (S,I, M)" such that F' = (fi, fa, f3)" while

dt
fi;1=1,2,3 represent to the system ({3.2]). So according to the jacobian matrix of system (3.2)), it is

easy to verify that for any vector V = (vy,v9,v3)T, we have that second directional derivative

aflvy Bo1v 035 a1—3a1b1 12| , 2
2 {(1—1—91)(1—1}0@5’)3 - (1+9[)2%13—a5’)2 —YU1vs + [(1+a5’)(1+9[)3 + e } Uz}
D*F(S,C,M)(V,V) = —aflv? Burv 085 3a1b1%—a1 | 2
(5, C, M)V, V) 2 {(1+91)(1+QS)3 - (1+91)2t12+a5)2 - [(1+aS)(1+91)3 + (11+}>112)31} v

(6.1)
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6.1. The Bifurcation condition about Ey

Theorem 6.1. If Ry = 1, the transcritical bifurcation can occur at Ey of system (3.2)).
Proof . The Ry = 1 when the parameter y = p*,thenEq.(4.1)ofsystem(3.2)atEy, has zero eigen-
value (A\y = 0).

o BS
u—u—(1+aso)_R0—1. (6.2)

So, Eq.(4.1)) of system (3.2)) can be represent by

—yMo—p —p =750
Ty = Jol(p) = 0 0 0
p 0 —0

Clearly, let VIO = (vgo],vg)],vgo}) representstheeigenvectorsof J, of A\, = 0.

So
(Jo — )\O)V[O} =0, get that Vil = (mlv:[),ma m2U:[30}a Ug)]) )

suuch that, my =%, my = —(1;+OSO [ Sy + M . with vgo] £0.

As well as, let LI = [l[o l[0 l[o]] represents the eigenvectors of Ay = 0 of JI.

Obuviously from
(8 =)L =0

o — [ 70 o]" 0]
. We obtain L™ = 10,1,",0| ; such that l5" # 0 .

Now, consider

or
o
Thus, F,(Eo, it) = [=S0,0,0]" which gives [L[O]]TFM(EO,;L) = 0.
So, by help of the Sotomyor’s theorem bifurcation theory, the saddle nod bifurcation is not occur near
Ey of system (3.2)). Furthermore, because we have

(X B) [ S,—],O]T

-1 0 0

DFE,(X,p)=10 -1 0

0 0 0

We can see that
o,,[0]
-1 0 0 713
DE,(Ep,)VO =10 -1 0 _u;+030 ~So +M | £

0 0 0 0

Moreover, by substituting Eq, ;1 and VI in (31) we get:
D?F(Eg, p)(VI, V) =
aBIm? Bmim [0] 085S a1—3a1by I> (0]
2 { [(1+0[)(1+1¢15)3 - (1+0])21(1j-a3) - le} (v3')? + [(1+a5’)(1+91)3 + e ) } mj(vs )3}

Bmim afIm? 3a1b11%—a 0B8S 2 (012
2{ (F002(1+as? (1+01)(1+1a5)3] + [ A+b 73— (1+aS)(1+9[)3] ma}(vy) }
0
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Hence, it is obtaining
(L] [D2F(Bo, ) (VI V)] £ 0.
Now, according to bifurcation theorem by Sotomayor’s, system (3.2)) at Ey with p = p* provided
that RO =1.0

6.2. The Bifurcation condition about F;
Theorem 6.2. System (3.2) at Ey has a saddle node bifurcation with the parameter value v = 7
such that

o [b11b22 - b12b21]

v = ) 6.3
7 pS1baa ( )
Where
511 —/381 {2@1]1}
by = —vM; — — big =
BT T e (A fas: 2T 0 v as)(1+00)2 ' (1+ 0022
I —f3s 2a.11
b21 — ﬂ 1 . b22 _ 6 1 . { 1 1} _y

(1—}—9[1)(14—0581)2’ (1+a31)(1+911)2 (1—|—b1[12)2

Proof . From Eq. (4.0), see that system (3.2)) at Ey has zero eigenvalue, M =0, when v =7, it is

clearly that ¥ > 0, hence we can rewrite in below

- BI —Bs {2a111} N
3 —YMy = GramyaTasz — M (Tras)(Lr0n)Z T (1+b11112)2 —s1
_ S\ BI —Bs {20111}
J=4h07) = m (1+asl)(11+911)2 - (1+bi[1f)2 —pu 0 (6.4)
p 0 —0

Clearly, let VI = (UEI],US}, vz[,)l])T represents the eigenvectors of

)\1:0

Thus (J; — M)V = 0, which gives: VI = (0!} ri0l ryo!™HNT | where

_ —BL03 _ 1]
= —QQ(681Q§+2a1}15152—&-#9%92(2%)7 r2 = g’ Ul # O
Here
Ql - (1 —|— 9[1),
QQ = (1 + Ole),

T - -
Let Wl = M”, S], :[}1]] represents the eigenvectors associated with \; = 0 of JL. So fromula
(JE = X)Wl = 0. We get
T
\Ij[l} = [ £1}7D1¢£1]7D2¢£1]

55195—2(11[1(2%92
7(,8519%4»20,1119%Q2+,U,Q%92Q§

. Such that D1 =
Now, consider

R [
L Dy = =4 4p; is any nonzero real number.

oF T
— =F (X =|-M )
a,y ’Y( 77) [ 37070]
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So, Fy(Ey,7) = [-M;$,,0,0]" and then [W]" F,(Ey,~) # 0.
However, the system (3.2)) has no transcritical bifurcation. But the 1st condition of the bifurcation
theorem about saddle-node type is satisfied. Now, since

~M 0 -8
DE,(X,y)=| 0 0 0
0 0 0

Where DF.,(X,~) represent the derivative of Fy(X,~) with X =[S, I, M]" . Moreover, it is clearly

-M 0 -S —(M +1,8)0}!
DE(E,y/WVW =10 0 o |Vi= 0
0 0 0 0
T DR SITIC N} ~(M £ raS)or) 1]
[\1;[1]] [DFV(ED’?)VM} - [ i D1y, Doty ] 0 = —(M +728)Y v # 0.
0

Moreover, by substituting Ey,~y and VI in (6.1)) we get:

[1]y2 aBl Br 088 a1—3a1b 12| .2
2(v1") {(1+01)(1+a5)3 ~ AFerR(TasyE ~ V2t [(1+aS)(1+91)3 RNEVEE } i}
(1]y2 —aBl Br —6BS 3a1b11%2—a;1 | .2
2(01 ) {(1+61)C(¥1+a5)3 + (1+01)2(i+a5)2 + |:(1+aS)(1+0])3 + (11+};1[2)31 Tl}
0

D2F(Ey, ) (VI Vi) =

Hence, it is obtain [\I/[l]}T [D2F(Eq,~)(VEL VD] £ 0.
Hence, the system (3.2)] has a saddle-node bifurcation at Ey with parameter v. O

7. The numerical illustration of system (2.1))

The global dynamical behavior of system (2.1)) will studied numerically for different sets of pa-
rameters and different sets of initial points in this section. The goal of such part are know the role of
change the parameters values and confirm the analytical results. It is see that that, for the following
biologically feasible set of parameters values:

Y =50, v=001, B=025 a=005 0=0.1,

(7.1)
a1 =03, b =005 pu=04, p=04, o=03

The trajectory of system ([2.1]) convergent to F; see Fig.(1).
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(a) ()
60 . - - 40
50+ 1
g z 30 1
‘é 40 1 ‘E,
L [-5)
v o
& 30 1 % 20 |
a )
z =
£ 20 1 :
S Started from 0.9 =10+ Started from 1.7
10 Started from 25.9 (| Started from 4.7
Started from 45.9 Started from 15.7
0 1 1 T T T 0 1 1 T T T
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time Time
(c) (4
60 " " " 50 . . .
- 5 i w 40 1
g 5
g 40 1 &
= S 30 1
& Ay
& 30 R %
E g 20 J
2 20¢ 2 'é
E Started from 1.3 < 10 Started from 2.3
10 Started from 5.5 Started from 6.3
Started from 20.5 Started from 253
0 1 1 I I I 0 1 1 1 1 1
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time Time

Figure 1: Time attractor of globally asymptotically stable to E; of system (2.1)) and Ry = 4.61 > 1.

However, for the data by equation (7.1)) with 5 = 0.025 the trajectory of system ([2.1)) convergent
to Eyp see Fig. (2).

(@
70 T
60 1
=
=2 50 E
R
(=9
@
o 40 1
=
w2
e 30 |
=20
= Started from 0.9
10 Started from 259 4
Started from 45.9
0 1 1 1 1 1
0 100 200 300 400 500 600
Time

Aware Susceptible

)

80 .

60 1

40+ g

20 Started from 1.7
Started from 4.7
Started from 15.7

0 1 1 1 1 1
0 100 200 300 400 500 600

Time
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© (@
20 : 70 . ; .

Started from 1.5
Started fromS.5
Started from 20.5 H

=)
(=

—
th

i
=]

L
=]

(]
e

[
=

Infected Populations
bt
(=]
Avareness Frograms

th

Started from 2.3
Started from 6.3 |
Started from 25.3

—
=]

0 100 200 300 400 500 600 0 100 200 300 400 500 600
Time Time

Figure 2: Time attractor of globally asymptotically stable to Ey of system (2.1) and Ry = 0.46 < 1.

Clearly, in order to discuss the impact of varying some parameter values on the dynamical behavior
of system , the following results are observed. According to the Fig.3, it is clear that the
trajectory of system ([2.1)) convergent to Ey by applied the parameters values given in Eq. with
varyinga > 0.5 with Ry = 0.79 < 1.
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Figure 3: The measure of inhibition effect on the dynamical behavior of system ([2.1)).

Also we applied the parameters values given in Eq. ([7.1]) but putting p > 2.6 the trajctory of the
system ([2.1)) convergent to Ey = (17.635,1.595,0,23.514) and Ry = 0.65 < 1, see Fig.(4) below.



1096 Mohsen, AL-Husseiny, Hattaf

25
20
£15
"
E
-
S0 —S
&= — S
a
< —1
—M
0 b=
0 100 200 300 400 500 600

Time
Figure 4: The death rate effect on the dynamical behavior of system ([2.1]).

Now, the effect of media coverage is discussion by Fig. 5, it easy see that when the level of
awareness increasing due to the media coverage (say ), we obtain the dynamical behavior of system
convergent to Ey and that is mean the endemic equilibrium point becomes unstable when
v > 0.6. In addition we get similar result if the media rate increasing through p > 20.
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Figure 5: The response effect to media programs on the dynamical behavior of system (2.1)).

8. Conclusion and Results

In this study, we have examined the epidemic model with SIS type under the effect of media
programs, the Crowley-Martin formula to transmission of disease and holling type III treatment
function. We have also provided the existence of all equilibrium points and calculated the basic
reproduction number. The local stability results studied by applying the trace-determinant and
Routh-Hurwitz Criterion. As well as, the global stability results studied by applying the technique
and theorem of the Lyapunov function. In addition, we investigated the local bifurcation such
as (transcritical, saddle node and pitchfork bifurcation) around all the equilibrium points of the
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proposed model according to Sotomayor’s theorem. Through the numerical simulation, we confirm
the analytical results that have been interpreted through graphical representation. The graphic
representation provides rich details to the global health through which mathematical models can be
an important factor in understanding the behavior of epidemic disease spread and control.
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