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Abstract 

In this paper, a mathematical model consisting of the prey- predator model with 

treatment and disease infection in prey population is proposed and analyzed. The 

existence, uniqueness and boundedness of the solution are discussed. The stability 

analyses of all possible equilibrium points are studied. Numerical simulation is 
carried out to investigate the global dynamical behavior of the system.  
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في مجتمع الفريسةمعدي  مرضل العلاجضمن تلما المفترس –الفريسة  وذجميكية  نمحول دينا   
 

 اسراء عامر عايد*, نضال فيصل علي
 العراق, بغداد, الجامعة التقنية الوسطى, الكهربائية والالكترونية الهندسية التقنياتكلية , الاجهزة الطبيةهندسة قسم 

 

 الخلاصة

معدي  فريسة والمفترس عند وجود مرض يتكون من نموذج رياضيسة دراو , تم اقتراح في هذا البحث
ناقشنا وجود,  وحدانية وقيد الحل. قمنا بدراسة وجود و تحليل الاستقرارية  .مجتمع الفريسةفي  ومعالجتة 

 .ملبحث السلوك الديناميكي الشامل للنظا المحاكاة العددية الممكنة. كما تــم استخــ,دام لجميع  نقاط التوازن
 
1. Introduction  

Ecological populations suffer from the various infectious diseases and these diseases have a 

significant role in regulating population size. Thus, it is worthwhile to study the combined effect of 

epidemiological and demographic features on the real ecological populations. Mathematical study of 

such eco-epidemiological model has explored various unknown aspects of ecological population [1]. 
However, in ecosystem, the interaction between the predator and prey is a nonlinear and complex 

process. This complexity has attracted the attention of both theoretical and mathematical ecologists to 

have extensive investigation concerning the interaction which calls for development of mathematical 
models that are essential tools in understanding the interaction mechanisms for persistence or 

extinction of species in natural systems. 

Eco-epidemiology is a new branch in mathematical biology which considers both the ecological 
and epidemiological issues simultaneously [2]. Since [3] modeled firstly a disease spreading among 

interacting populations, scientists are paying increasing interests to this new field due to its theoretical 

and empirical importance [2-4]. As a result, the study of diseases in a prey -predator system has also 

become a very popular topic in eco-epidemiology and made a significant progress in understanding 
different scenarios for disease transmission [2-5]. Among these studies, most considered the 

transmission of disease in prey populations. However, epidemic diseases can attack predators through 

various means,such as food, mating and parasites, then infectious diseases in prey species has need to 
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be explored. Mathematical models had become important tools to analyze the spread and control of 

disease. These models, which known as epidemiological models, are used to study the spread and 

control of diseases in human or animal populations. One of the major mathematical model in the field 

of epidemiology that describe the transition of disease from susceptible to infected and then to 
removal individuals had been formulated by Kermack and Mckendric in 1927. On the other hand, the 

Mathematical models which describe the dynamical behavior of an interacting species in ecology are 

known as ecological model. The first mathematical model in the field of ecology that describes the 
interactions between biological species was formulated, independently, by Lotka (American physical 

chemist) in 1925 and Volterra (Italian mathematician) in 1926. The researchers had been studied the 

dynamics of the mathematical models of these two fields (epidemiology and ecology) independently 
for long years, see for example [5-14]. However during the last four decades the ideas oriented to 

study the dynamical behavior of the mathematical models involving both the fields simultaneous, 

these models are known as an eco-epidemiological models.  

On contrast to all of the above studies, in this paper a prey-predator model with treatment and 
disease (SIS) infection in Prey population is proposed and analyzed. Disease dose not spread outside 

the specific prey species instead the disease transmitted within the same species by contact, according 

to ratio-dependent incidence. Instead the disease transmitted within the same species by contact, 
between susceptible individuals and infected individuals. Further, in this model, non linear type of 

functional response, represented by Holloing type II is used. 

2. Mathematical Model.  
In this section, an eco-epidemiological model is proposed for study. The model consists of a prey, 

whose total population density at time T  is denoted by )(TN , interacting with predator population 

whose density at time T  is denoted by )(TZ  and population of infected prey under treatment is 

denoted by )(TTr . Further, the following assumptions are made in formulating the basic eco-

epidemiological model: 

1. There is an SIS epidemic disease in prey population divides the prey population into two 

classes namely )(TX  that represents the density of susceptible prey   species at time T  

and )(TY , which represents the density of infected prey species at time T . Therefore at any 

T  we have 

)()()( TYTXTN  . 

2. The susceptible prey is capable of reproducing in logistic fashion with carrying 

capacity 0K , intrinsic growth rate 0r . In addition the disease has the capability to 

compete with the susceptible. 

3. Disease dose not spread outside the specific species prey instead the disease   transmitted 

within the same species by contact, according to ratio-dependent incidence the susceptible rate 

with infection rate constant 0 . Further the disease   disappears and infected individuals 

become susceptible again at the recover rate   0 . 

4. The disease in prey may causes mortality with a constant mortality rate represented by 01 d . 

5. The predator consumes the prey according to Holling type-II of functional response with 

maximum attack rate 0 and 0   from susceptible prey and infected prey respectively.    

However the constant 0m  represent the half saturation for the susceptible and infected 

predator respectively. 

6. In the absence of the prey the predator decays exponentially with natural death rate 02 d . 

7. The infected prey is treated at the rate 0a and removed without immunity at the 

rate 0 while 03 d  is the death of infected prey under treatment. 

Considering the above basic assumptions the prey-predator model can be represented in the 

following set of differential equations. 
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With 0)0(;0)0(;0)0(;0)0(  rTZYX  and 10  ie ; 2,1i  represent the conversion rate 

constants. Consequently, the flow of the food, disease and treatment in system (1) can be described in 
the following block diagram. 
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Figure 1- Block diagram of the prey –predator model given by system (1). 
 

Cleary, system (1) included (14) parameters which make the analysis difficult. So, in order to 

simplify the system the number of parameters is reduced by using the following dimensionless 

variables 
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Represent the dimensionless parameters of the system (2). Further, the interaction functions 

.4,3,2,1),,,,( iwzyxFi  are continuously differentiable on 

 0,0,0,0,),,,(. 44   wzyxRwzyxRInt . 

In addition to that .4,3,2,1,),,,(lim
)0,0,0,0(),,,(




iwzyxF
wzyx
i and 4

)0,0,0,(),,,(

,4,3,2,1,),,,(lim 


 RxiwzyxF
xwzyx

i . So, if we 

define that .4,3,2,1,0)0,0,0,()0,0,0,0(  ixFF ii  Then with this assumption the interaction 

functions of system (2), .4,3,2,1, iFi  are continuously differentiable on the extended 
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domain  0,0,0,0,),,,( 44   wzyxRwzyxR . In fact, they are Lipschizian on 4
R . 

Accordingly, the solution of system (2) with non negative initial condition exists and is unique. 

Therefore 4
R  is invariant for the system (2). Moreover in the following theorem the sufficient 

condition for uniformly bounded of the solution of system (2) is established. 

Theorem 1. All solutions of system (2) are uniformly bounded.  

Proof.  Let ))(),(),(),(( twtztytx  be any solution of the system (2). Define the function 

)()()()()( twtztytxtM  , then the time derivative of  tM  along the solution of the system 

(2), gives 

  nM
dt

dM
 2                                 

Where  1097 ,,,1min wwwn  . Now, by using Gronwell lemma, it obtains that: 

   )1(
2

)0()(0 ntnt e
n

eMtM    

Which yields   
nt tM 2lim   that is independent of the initial conditions. Thus the proof is 

complete.              

3. Existence of equilibrium points. 

It is observed that, system (2) has at most five biologically feasible equilibrium points, namely 0E , 

xE , xzE , xywE  and xyzwE   . The existence conditions for each of these equilibrium points are 

discussed in the following: 

1- The vanishing equilibrium point  0,0,0,00 E   always exists. 

2- The axial equilibrium point )0,0,0,1(xE  always exists. 

3- The disease free equilibrium point )0,ˆ,0,ˆ( zxExz  ,where: 
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Exists uniquely in the interior of first quadrant of xz - plane under the following necessary and 

sufficient condition: 

        9321 )1( wwwe                                                                                                                           (4) 

4- The predator free equilibrium point )~,0,~,~( wyxExyw  ,where: 
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Here 875104 and)( wwwbwwa                                                                                        (5a)                                                                    

exists uniquely in the interior of first quadrant of xyw - octant under the following necessary and 

sufficient conditions: 

        bw 1 and abawww  584                                                                                                    (6) 
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while *y  represents a positive root of the following eighth order polynomial equation  
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The positive equilibrium point ),,,( ***** wzyxE   exists uniquely in 
4. RInt  if and only if the 

following conditions are hold.  

0and0,0,0,0,0,0 8654321  IIIIIII                                                                  (9a) 

0and0,0,0,0,0,0 8754321  IIIIIII

OR
                                                                 (9b) 

0and0,0,0,0,0,0 8764321  IIIIIII

OR
                                                                  (9c) 

0and0,0,0,0,0,0 8765321  IIIIIII

OR
                                                                    (9d) 

0and0,0,0,0,0,0 8765421  IIIIIII

OR
                                                                   (9e) 

0and0,0,0,0,0,0 8765431  IIIIIII

OR
                                                                   (9f) 

0and0,0,0,0,0,0 8654321  IIIIIII

OR
                                                                 (9g) 

0and0,0,0,0,0,0 8754321  IIIIIII

OR
                                                                   (9h) 

0and0,0,0,0,0,0 8764321  IIIIIII

OR
                                                                      (9i) 

0and0,0,0,0,0,0 8765321  IIIIIII

OR
                                                                    (9j) 

0and0,0,0,0,0,0 8765421  IIIIIII

OR
                                                                      (9k) 

0and0,0,0,0,0,0 8765431  IIIIIII

OR
                                                                   (9l) 

109
2

8
3

5587121962 and)(,   yyybwwwwwewwe                                      (9m) 

4. Local Stability Analysis of System (2): 

In this section, the local stability analyses of system (2) around each of the above equilibrium 

points of system (2) are studied with the help of Linearization method as shown in the following 

theorems. Note that the symbols  iziyix  ,,  and iw  denote to the eigenvalues of the Jacobian 

matrix 5,...,0);( iEJ i  that describe the dynamics in the x - direction- y direction, z -direction 

and w -direction, respectively. 

     The Jacobian matrix of system (2) at 0E  can be written as: 

      440 ][)(  ijEJ                                                                                                                       (10) 

where: 
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 Clearly,  0EJ  has the following eigenvalues: 

    0)(;0;0;01 10409000  wwwb wzyx   

Here b  define in eq.(5a). Since  0EJ  has one positive eigenvalue in the x -direction, then by using 

the stability theorem, the equilibrium point 0E  is unstable saddle point. 

The Jacobian matrix of system (2) at xE   can be written as: 
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Clearly,  xEJ  has the following eigenvalues: 
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Therefore all the eigenvalues have negative real parts provided that the following conditions are 

satisfied: 

            bw 1                                                                                                                               (12a) 
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Hence the axial equilibrium point )0,0,0,1(xE  of the system (2) is locally asymptotically stable in 

the
4. RInt .  

The Jacobian matrix of system (2) at the disease free equilibrium point )0,ˆ,0,ˆ( zxExz   can be written 

as:  
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Here b  define in eq.(5a). Note that the characteristic equation of this Jacobian matrix is given by 

     
     0)( 2442223113211
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Hence, straightforward computations show that, the eigenvalues of )( xzEJ  satisfy the following 

relations 

    1122 ezx  
                                                                                                                          (14a)                                                                                                           

    311322 . eezx 
                                                                                                                      (14b) 

    222 ey 
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    442 ew 
                                                                                                                                  (14d) 

Clearly according to the following condition all the eigenvalues have negative real parts.  
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Hence the equilibrium point xzE  is locally asymptotically stable in 
4
R .  
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Theorem 2. The predator free equilibrium point )~,0,~,~( wyxExyw   of system (2) is locally 

asymptotically stable in the 
4
R  if and only if the following conditions are satisfied: 
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Then the characteristic equation of )( xywEJ  can be written as: 
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Further, it is easy to verify that 21321 QQBBB  , where  

)();)(( 3244214424411 RRhQRhRhRQ   

Clearly, the eigenvalue z3  in z - direction has negative real part if and only if condition (16a) holds. 

However, 0;3,10 1  QiBi   provided that conditions 16(b) hold. Finally, condition (16c ) 
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guarantees that 0 . So, according to the (Routh–Hawirtiz) criterion the equilibrium point 4L  is 

locally asymptotically stable and the proof is complete.    

Similarly  the following theorem for locally stability of  xyzwE  can be proved easily.   

Theorem 3. Assume that the positive equilibrium point xyzwE  of system (2) exists. Then xyzwE  is 

locally asymptotically stable in the 
4.  RInt  if the conditions (20a)-(20e) and (20f) are satisfied. 

Proof. The Jacobian matrix of system (2) at the positive equilibrium point ),,,( ***** wzyxE   can 

be written as: 
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Accordingly the characteristic equation of  xyzwEJ  is given by: 
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4
4  AAAA                                                                                          (19) 

where  

      )( 4411 aA   ; 

      314422   aA ; 

     623444315323 )(   aaaA ; 

     7532431444 )(   aaaA ;   

with  22111 aa  , 211222112 aaaa  , 322331133 aaaa  , 

221323124 aaaa  , 211323115 aaaa  ,  4221146 aaa ,  

                                  423123147 aaaa . 

Note that, due to Routh-Hurwitz criterion, the necessary and sufficient conditions for xyzwE  to be 

locally asymptotically stable in the 
4.  RInt , are 0iA  for .4,3,2,1i and  

    04
2
1

2
3321  AAAAAA  

Straightforward computation shows that, if the following condition holds  
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         xwyxxyxw 1
22

5 )()(                                                                                      (20c)                     
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ywxwyxzwxw
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                 (20d) 

      62344431532 )(   aaa                                                                                         (20e)                                                             

Conditions (20)-(a-e) guarantees' that 4,10  ifori  and 5,20  ifori  hence      

.4,3,2,10  iforAi  

Finally, substituting the values of  .4,3,2,1iforAi   in 04
2
1

2
3321  AAAAAA  and then 

simplifying the resulting term we get that  
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Obviously 0 if and only if in addition to conditions (20)-(a-e) the following condition holds:  
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5. Global Stability Analysis of System (2) 
In this section the global stability for the equilibrium points of system (2) is investigated by using 

the Lyapunov method as shown in the following theorems. 

Theorem 4. Assume that the axial equilibrium point xE  of system (2) is locally asymptotically stable 

in the 
4
R , and the following conditions are satisfied: 
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                                                                    (21)                                                                                       

Then xE  is globally asymptotically stable in the 
4
R .  

Proof. Consider the following function: 

           wczcycxxcwzyxU 43211 ln1,,,   

where 4,3,2,1; ici  are positive constants to be determined. Clearly  RRU 
4

1 :  is 
1C  positive 

definite function. Now since the derivative of  1U  along the trajectory of the system (2) can be written 

as: 
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Then straightforward computation gives 
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So by choosing the positive constants as below and using the upper and lower bounds of prey species: 

      
11

2 1
3241 ,,1

ee

e
cccc   

It is obtain that: 
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According to condition (21), 01 
dt

dU
 then 1U  is strictly Lyapunov function. Therefore xE  is 

globally asymptotically stable in the 
4
R .                                                                                                           

Theorem 5. Assume that the disease free equilibrium point xzE  of system (2) is locally 

asymptotically stable in the 
4
R , and the following conditions are satisfied: 
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Then xzE  is globally asymptotically stable in the sub region of 
4
R  that satisfy the above conditions. 

Proof. Consider the following function: 

               wywzyxU
zzxx
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Clearly  RRU 
4

2 :  is 
1C  positive definite function. Now since the derivative of  2U  along the 

trajectory of the system (2) can be written as: 
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Then straightforward computation gives 
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From which we obtain  
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here 
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Now according to the conditions (22)-(a-b) then all the values of 223123311 ,,,,   and 4  are 

positive values. So by using condition (22c) we obtain 

          wyzzxx
dt

dU
42

2

3311 )ˆ()ˆ(2           

Consequently, 2U  is strictly Lyapunov function. Therefore xzE  is globally asymptotically stable in 

the sub region of 
4
R  that satisfy the above condition.                                                                              

Theorem 6. Assume that the predator free equilibrium point  xywE  of system (2) is locally 

asymptotically stable in the
4
R , and the following conditions are satisfied 
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Then xywE  is globally asymptotically stable in the sub region of 
4
R  that satisfy the above conditions. 

Proof. Consider the following function: 
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Clearly  RRU 
4

3 :  is 
1C  positive definite function. Now since the derivative of  3U  along the 

trajectory of the system (2) can be written as: 
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From which we obtain 
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Now according to the conditions (23)-(a-b) then all the values of 13421412442211 ,,,,,, 
 

and 23  are positive values. So by using condition (23) - (c-e) we obtain 
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Consequently, 3U  is strictly Lyapunov function. Therefore xywE  is globally asymptotically stable in 

the sub region of 
4
R  that satisfy the above condition.                                                                                 

Theorem 7. Assume that the positive equilibrium point xyzwE  of system (2) is locally asymptotically 

stable in the 
4
Int.R , and the following conditions are satisfied: 

            0and,0,0 44332211                                                                                         (24a) 
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            )( 33116
42

13                                                                                                                  (24c) 

           )( 44116
42

14                                                                                                                     (24d) 

           )( 33226
42

23                                                                                                                     (24e) 

          )( 44226
42

42                                                                                                                       (24f) 

here )4,3,2,1,( jiij  are given in proof. Then xyzwE  is globally asymptotically stable in the sub 

region of 
4. RInt  that satisfy the above conditions. 

Proof. Consider the following function: 
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Clearly  RRU 
4

4 :  is 
1C  positive definite function. Now since the derivative of  4U  along the 

trajectory of the system (2) can be written as: 
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Then after doing some algebraic manipulations we get  
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Then using the above conditions (24)-(a-f) we obtain that 
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Consequently, 4U  is strictly Lyapunov function.Therefore xyzwE  is globally   asymptotically stable 

in the sub region of 
4. RInt  that satisfy the above conditions.                             

 

 

 

6. Numerical Analysis of System (2). 
In this section the dynamical behavior of system (2) is studied numerically for different sets of 

parameters and different sets of initial points. The objectives of this study are: first investigate the 

affect of varying the value of each parameter on the dynamical behavior of system (2) and second 
confirm our obtained analytical results. It is observed that, for the following set of hypothetical 

parameters that satisfies stability conditions of positive equilibrium point, system (2) has a globally 

asymptotically stable positive equilibrium point as shown in following figure-2.  

4.0,5.0,1.0,1.0,2.0,0.05

,3.0,0.01,2.0,5.0,5.0,7.0

2110987

654321





eewwww

wwwwww

                                                    (25) 
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Note that, in Figure-2, we will use that (      ) to describe the trajectory starting at (0.8, 0.7, 0.6, 0.5) 

and (…..) to describe the trajectory starting at (0.5, 0.4, 0.3, 0.2). 
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Figure 2-Time series of the solution of system (2), (a) trajectories of x  as a function of time, (b) trajectories of 

y  as a function of time, (c) trajectories of z  as a function of time,(d) trajectories of w  as a function of 

time.  

Clearly, Figure-2 shows that the solution of system (2) approaches asymptotically to the positive 

equilibrium point )3.0,2.0,1.0,4.0(6 L  starting from two different initial points and this is confirming 

our obtained analytical results regarding to global stability of the positive equilibrium point. 

 Now in order to discuss the effect of the parameters values of system (2) on the dynamical behavior 

of the system, the system is solved numerically for the data given in Eq. (25) with varying one 
parameter each time. It is observed that for the data as given in Eq. (25) with varying the parameters 

values 10,4; iwi  do not have any effect on the dynamical behavior of system (2) and the system still 

approaches to a positive equilibrium point. It is observed that for the data as given in Eq. (25) 

with 4.01 w , the solution of system (2) approaches asymptotically to )0,ˆ,0,ˆ( zxExz   in the interior 

of positive quadrant of xz plane as shown in Figure-3, however for 15.0 w  the system(2) 

approaches to the positive equilibrium point. 
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Figure 3- Time series of the solution of system (2) for the data given by Eq. (25) with 3.01 w , which 

approaches to (0.33, 0, 1.11, 0)  in  the interior of positive quadrant of xz plane. 
 

By varying the parameter 2w  keeping the rest of parameters values as in Eq. (25), it observed that 

for 2.02 w  system (2) approaches asymptotically to )~,0,~,~( wyxExyw   in the  interior of positive 
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octant of xyw space as shown in Figure-4 , while for 23.0 w  the solution of system (2) approaches 

to the positive equilibrium point. 
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Figure 4-Time series of the solution of system (2) for the data given by Eq. (25) with 1.02 w , which 

approaches to (0.29, 0.5, 0, 0.33)  in the  interior of positive octant of xyw space. 
 

On the other hand varying the parameter 3w  keeping the rest of parameters values as in Eq. (25), it 

observed that for 3.03 w  system (2) has periodic dynamics in 4. RInt  as shown in Figure-5, while 

for 4.03 w  the solution 0f the system transfer to the positive equilibrium point. 
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Figure 5- Time series of the solution of system (2) for the data given by Eq. (25) with 0.43 w , which 

approaches to periodic dynamics in
4. RInt . 

      

Varying the parameter 5w  keeping the rest of parameters values as in Eq. (25), showed that for 

2.05 w  system (2) approaches to a positive equilibrium point , while for 53.0 w  the solution of 

system (2) approaches asymptotically to )0,ˆ,0,ˆ( zxExz   in the interior of positive quadrant of 

xz plane. 

For the parameters values given in Eq. (25) with varying  6w  in the range 3.06 w  system (2) 

approaches to a positive equilibrium point , while for 64.0 w  the solution of system (2) approaches 

asymptotically to )0,ˆ,0,ˆ( zxExz   in the interior of positive quadrant of xz plane. 

Varying the parameter 7w  keeping the rest of parameters values as in Eq. (25), showed that for 

05.07 w  system (2) approaches to a positive equilibrium point , while for 706.0 w  the solution of 
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system (2) approaches asymptotically to )0,ˆ,0,ˆ( zxExz   in the interior of positive quadrant of 

xz plane. 

Varying the parameter 8w  keeping the rest of parameters values as in Eq. (25), showed that for 

2.08 w  system (2) approaches to a positive equilibrium point , while for 83.0 w  the solution of 

system (2) approaches asymptotically to )0,ˆ,0,ˆ( zxExz   in the interior of positive quadrant of 

xz plane. 

For the parameters values given in Eq. (25) with varying 9w  in the range 09.09 w  system (2) 

has periodic dynamics in
4. RInt ., however for 1.09 w  system(2) approaches to a positive 

equilibrium point, while for 92.0 w  it is observed that the solution of system (2) approaches 

asymptotically to the equilibrium point )~,0,~,~( wyxExyw  . 

For the changing in the value of the parameter 1e  keeping the rest of parameters values as in Eq. 

(25), it observed that for 7.01 e , system (2) approaches to a positive equilibrium point, however for 

18.0 e  system (2) has a periodic dynamics in 
4. RInt . 

For the parameters values given in Eq. (25) with varying 2e  in the range 8.02 e  system (2) 

approaches to a positive equilibrium point, however for 29.0 e  system (2) has a periodic dynamics 

in 
4. RInt . 

Finally for the parameters values given in Eq. (25) with 5.0and5.0 97  ww  the solution of 

system (2) approaches asymptotically to )0,0,0,1(xE  as shows in Figure-6 . 

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

x 10
5

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Time

po
pu

la
tio

n

 

 

x

y

z

w

 
Figure 6- Time series of the solution of system (2) for the data given by Eq. (25) with 5.0and5.0 97  ww  

which approaches asymptotically to )0,0,0,1(xE  
      

Keeping the above in view, the effect of the other parameters on the dynamics of system (2) is 

summarized in the following table-1. 
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Table 1- of parameters varied in system (2) 

Parameters varied in system(2) Numerical behavior of system(2) 

4.01 w  Approaches to stable  point in 
2

)(. xzRInt    

5.01 w  Approaches to stable  positive  point in 
4. RInt   

2.02 w  Approaches to stable  point in 
3

)(. xywRInt    

3.02 w  Approaches to stable  positive  point in 
4. RInt   

3.03 w  Approaches to stable  point in 
3

)(. xywRInt    

4.03 w  Approaches to periodic dynamic in 
4. RInt   

for all values of 10,4; iwi  Approaches to stable  positive point in 
4Int. R  

2.05 w  Approaches to stable  positive  point in 
4. RInt  

3.05 w  Approaches to stable  point in 
2

)(. xzRInt    

3.06 w  Approaches to stable  positive  point in 
4. RInt  

4.06 w  Approaches to stable  point in 
2

)(. xzRInt    

05.07 w  Approaches to stable  positive  point in 
4. RInt  

06.07 w  Approaches to stable  point in 
2

)(. xzRInt    

2.08 w  Approaches to stable  positive  point in 
4. RInt  

3.08 w  Approaches to stable  point in 
2

)(. xzRInt    

9.09 w  Approaches to periodic dynamic in 
4. RInt  

1.09 w  Approaches to stable  point in 
3

)(. xywRInt   

7.01 e  Approaches to stable  positive  point in 
4. RInt  

8.01 e  Approaches to periodic dynamic in 
4. RInt   

8.02 e  Approaches to stable  positive  point in 
4. RInt  

9.02 e  Approaches to periodic dynamic in 
4. RInt   

 

7. Conclusions and Discussion. 

In this paper, an eco-epidemiological model of Holloing type II of prey-predator model has 
proposed and analyzed.  The model consists of four non-linear autonomous differential equations that 

describe the dynamics of four different population namely susceptible prey x , infected prey y , 

susceptible predator z , infected prey under treatment w . The boundedness of the system (2) has been 

discussed. The dynamical behavior of system (2) has been investigated locally as well as globally.  

To understand the effect of varying each parameter on the global dynamics of system (2) and to 
confirm our obtained analytical results, system (2) has been solved numerically and the following 

results are obtained: 

1. For the set of hypothetical parameters values given Eq. (25), the system (2) approaches 

asymptotically to globally stable positive equilibrium point ),,,( ***** wzyxE  . 

2. It is observed that varying the parameters values 10,4; iwi  and keeping other parameters as 

given by Eq. (25) do not have any effect on the dynamical behavior of system (2) and the system 
still approaches to a positive equilibrium point.  
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3. As the infection rate of prey 1w  decreases keeping other parameters as in Eq. (25) the system (2) 

approaches asymptotically to the equilibrium point )0,ˆ,0,ˆ( zxExz  .Otherwise the system still 

have a globally asymptotically stable positive point in the 4. RInt .  

4. As the susceptible prey's maximum attack rate by predator 2w  decreases keeping the rest of 

parameters as in Eq. (25) the predator  will faces extinction and the solution of system (2) 

approaches asymptotically to the equilibrium point )~,0,~,~( wyxExyw  . Otherwise the system still 

have a globally asymptotically stable positive point in  the 
4. RInt . 

5. As the half saturation constant of the susceptible predator 3w  decreases keeping the rest of 

parameters as in Eq. (25) will causes destabilizing of system (2) and the solution approaches to 

asymptotically stable positive point in the 4. RInt . Otherwise the system still have a globally 

asymptotically stable positive point in the  4. RInt .   

6. As the infected prey's recover rate 5w  decreases keeping the rest of parameters as in Eq. (25), 

system (2) still has a stable positive equilibrium point in the 
4. RInt . However increasing the 

parameter 5w  causes extinction of ( infected and treatment) prey and the solution of system (2) 

approaches asymptotically to the equilibrium point )0,ˆ,0,ˆ( zxExz  . It is observed that the 

susceptible prey's maximum attack rate by predator, disease death rate of prey and immunity  

under treatment rate 76 ,ww and 8w  respectively, have the same effect as 5w . 

7. As natural death rate of predator 9w  decreases keeping the rest of parameters as in Eq. (25), the 

positive equilibrium point will be unstable and the solution of system (2) approaches 

asymptotically positive point in the 4. RInt .   

Otherwise the system still have the solution approaches to a stable limit cycle in 3
)(

Int.
xyw

R


. 

8. Finally, the conversion rate from susceptible prey to predator 1e  decreases keeping the rest of 

parameters as in Eq. (25), the system has a globally asymptotically stable positive point in the 
4. RInt . While increasing 1e  will causes destabilizing of system (2) and the solution approaches 

to stable positive equilibrium. It is observed that the conversion rate from infected  prey to 

predator 2e  , have the same effect as  1e   
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