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Abstract. This paper represents our first attempt on modeling the effects of social,    
economical and cultural factors on the S-I epidemic diseases. The analysis of these 
models suggests that the lack of health cares and control of infected pregnant women 
aided the spread of the disease. Most of the findings are supported by systematic 
mathematical analysis including local and global stability results. The evaluations are 
carried out using numerical simulations with Matlab. 
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1. Introduction  
The models described incorporate to accommodate a farm or elaborate demographic 
consideration of the influence of age stages (juvenile and adult) on new infections. 
Modeling what is known, or suspected, about the importance of age of partners in the 
spread of the disease is a formidable problem, both conceptually and practically, but 
sexual gender has also an influence in the study of the se models about STD’s. In 
populations without female dominance, both sexes must be incorporated in order to 
provide an appropriate representation of the population dynamics. The main difference 
between one-sex and two-sex epidemic models (except from the introduction of the 
second sex) is that the birth and survival schedules no longer are assumed to be constant, 
but depend on the size of the population, and its epidemic-sex composition. 

It is not unknown that mathematical modeling has had an important role in the 
understanding of the HIV virus dynamics. We can mention some of the works, which are 
related to extensions in different aspects of the HIV dynamics. As a consequence of the 
above mentioned articles, a big number of models were studied trying to include or 
exclude biological facts into the mathematical translation, some of them are 
compartmental models [2], and some more recent works using delay differential models 
as in [4]. It is recommended [9] to get more references and interesting reading about 
mathematical models in HIV dynamics. Our research deals with the spread of STDs 
infections and in particular HIV epidemics. It is desirable to consider future work that 
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could include the importance of the role of HIV virus dynamics into the spread of the 
STDs for the models described in our research. 
 
2. Two sex S-I epidemic model 
In this thesis we derive the mathematical model of new infections in consideration of sex 
structure. The infection will be spread through the formation of hetero sexual 
partnerships among active populations of males and females. The population will be 
disaggregated by sex and by whether or not infected, ),()( mfItS l =  denote all 

sexually active susceptible individuals (female or male) and Il(t)denotes all sexually 
active infected individuals (female or male) with ),()()()( mfItItStN lll =+=   and 

)()()( tItStN mf +=  being the total population size. It is assumed that new sexually 

active susceptible (or infected respectively) female arrive at the 
rate )( 21 ff IorS σβσβ where )10( ≤≤ σσ  is the probability to be a female newborn 

and )2,1( =iiβ  is the birth rate of susceptible (infected) individuals respectively. In the 

other hand, for new sexually active susceptible (or infected respectively) male, they 
arrive at the rate )()1(()()1( tSortS fimi βσβσ −−  respectively) with 2,1=i . The 

parameter )( mffm CorC   denote the average number of contacts per partner female-male 

(or male-female), assumed  CCC mffm ==  then )(tCS i  denotes the total number of 

contacts per unit of time of all susceptible (female or male) individuals at time t. In 
addition, we assume that only a fraction )10( ≤≤ σσ   of the new born are female and a 

fraction )10( ≤≤ ξξ  describe the infected portion of birth from infected mothers. The 

parameterξ   could be considering like a control parameter that measure the quality of 

medical services of the infected mothers. If we consider the fraction )10( ≤≤ ζζ  of the 
sexual contacts which don’t use condom it develops into new cases of infection. We 
define the transmission rate for women asσζC  and for men as ζσ )1( −C , the 
expressions for the new cases of infection per unit time (incidence rate) in female and 
male population are )/( mmf NISCσζ  and )/()1( ffm NISC ζσ−  respectively. By 

natural death the individuals leave active populations at the rate lSµ  (or lIµ ) respectively 

and that infected Individuals leave their class at the death rate by infection ),( mflI l =γ . 

Then the model 
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3. Basic properties of solutions  
The basic properties discussed here will be useful for next results about stability of the 
equilibria and persistence. 
 
Theorem 1. For all 0,,, 0000 >mfmf IISS  ,there exists mfmf IISS ,,, which solves (1) and 

the initial conditions 0000 ,,, mmffmmff IIIISSSS ====   

Proof: We define (Th. A2 [11]), 
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where ),,,( mfmf IISSx =  

By assumption (2) and the properties of continuity over operations, we have the 
continuity of iF  for all .4,3,2,1=i  further  
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These partial derivatives exist and are continuous, in the same way the other partial 
derivatives are proved that exist and are continuous. In consequence   
F is locally Lipschitz continuous. 

Let 01 == fSx  and ,0,0,0 432 >=>=>= mfm IxIxSx  then 

.0)1()( 21 >−= fIxF βεσ   

Now let ,02 == mSx  and ,0,0,0 431 >=>=>= mff IxIxSx them  



Md. Nazmul Hasan, Harekrishna Das and Prodip Kumar Ghosh 

118 
 

.0))1()(1()( 212 >−+−= Ff ISxF βξβσ  Further, let ,03 == fIx  and 

mmf IxSxSx =>=>= 421 ,0,0  them 0)(3 >=
m

mf

N

IS
CxF σζ and finally let 

04 == mIx  and ,0,0,0 321 >=>=>= fmf IxSxSx  then 

.0]0)[1()( 24 >>+−= f
f

m I
N

S
CxF ζζβσ  

In consequence by Th.A2 in [11] every ,),,,( 40000
0 +∈= RIISSx mfmf  there exists a unique 

solution of w 0)0(),( xxxFx ==′ with values en 4
+R  which is defined in some 

interval ],0(  with ].,0( ∞∈b  If ,∞<b them 
                                           
                         .))()()()((
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bt
 

Suppose that ,∞<b  them      

                                2
21 )( mNNIIISN mfff −−++=′ µγββ .                     (2) 

If we take }max{ 21βββ = , them we have       NNN f ββ ≤≤′ , 

in consequence  β≤
′

fN

N
 .  

Integrating the above inequality  
                                                In ≤)(tN  In tN β+)0(  ,   

it means teNtN β)0()( ≤   . So )(tN  is bounded, a contradiction. In consequence∞=b .  

Then the solutions of the system are positive and defined on ).,0[ ∞  
 
4. Boundedness of solutions  
We will need the boundedness property to prove the global stability of some of the 
steady. We established the following result  
 
Theorem 2. All the solution of the system (1) are bounded.  
 
Proof: Set }..max{ 21 βββ =    
From equation (4.2), we have        

                                 2
21 )( mNNIIISN mfff −−+−+=′ µγββ  

                                 2mNNN f −≤′ β ,  

                                    2mNN −≤ β  , 

Claim: MtN ≤)(  for all ,0≥t  where }1),0(max{ +=
m

NM
β

.  

We have two cases:  
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Case 1: If 1+=
m

M
β

   

Suppose the claim is not true: there exists a 01 >t  such that,  
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then   ,0)( 1 <′ tN  it is a contradiction. In consequence, the claim is true. 

Case 2: If )0(NM = . 

Suppose the claim is not true: there exists a  01 >t such that 

                                                         ,)( 1 MtN =         0)( 1 ≥′ tN . 
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mM

≤+< 1
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, them 0<− mMβ  and 0)( 1 <′ tN , it is a contradiction. In 

consequence, the claim is true.  
It means that MtN ≤)(  for all 0≥t , them the theorem is proved.  
 
5. Equilibria and stability  
We first dimensionalize the system (1) with the following scaling:  
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Dropping the hats on the variables, system is equivalent to 
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where    ,1
1 µ
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µ
σςC

u =    ,
)(2

2 µ
µγσξβ +−

=r    ,
)1( 2

µ
βζσ −

=s   

,
)1)(1( 2

µ
βξσω −−

=  ,
)1( 1

1 µ
βσ−

=u  ,
)1(

µ
ζσ−= C

p  ,
)1( 2

µ
ζβσυ −

=  

µ
γµ +=q                                                 . 

The question about local stability of the system (1) is more conveniently studied by 
considering the proportions of individuals in the different classes. Consequently we 
define the variables      
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where x  and y  are non-negative, while the variable z  requires .10 ≤≤ z  A simple  
calculation transforms (3) into the following system of equations  
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The complete dynamics of the population can be obtained by solving the system (4) and 
them using the following differential equation (obtained form system (2))                      
                   NmNqIISN mmffm −−++=′ )( 21 υωυ  

written as a Bernoulli equation, we get  )()()()()( 2 tNtbtNtatN mmm =+′  
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In consequence, the analysis of systems (1), (3) and (5) leads to equivalent results for 
consideration of nonnegative solutions.  
 
6. Local stability of the disease free equilibrium 

Theorem 3.   12

~
1

~
RRIf <<   and ,~

1

~~
1

2

32

σζ
σβγ

CR

RR +<
−
+

 then the system has a unique 

disease-free equilibrium )(DF  given by the expression 








 −−= 0,0,
)1(

,
,

)1
~

( 1 mm
RDF

µσσµ
 and DF  is locally asymptotically stable for system 

(1). 



S-I Epidemic Model incorporating Social-Economic and Cultural Causes and Effects in 
Developing Countries 

121 
 

Proof: The condition 1
~

1 >R  gives us the uniqueness of the (DF) equilibrium of system 
(1). 

Linearizing the system (4) about the corresponding DF equilibrium )0,0,( ∗x  

where
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x , we obtain a linear system whose eigenvalues are  
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Claim: M  has negative eigenvalues.  
First, we find the trace of (5) 
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under the condition 
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, we get  .0)det( >M  In consequence, M  has 

negative eigenvalues. The claim is proved. 
Therefore the DF equilibrium is locally asymptotically stable for the system (4) the 
theorem was proved.    
 
7. Local stability of the susceptible extinction equilibrium 

Theorem 4. 21
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susceptible extinction equilibrium )(SE  given by the expression 
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Proof The condition 1
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2 >R  gives us the uniqueness of the SE equilibrium. 

Linearizing the system (4) about the corresponding SE equilibrium )1,,0 ∗y  where     
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we obtain a linear system with Jacobian  
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whose eigen values are  
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Therefore the SE equilibrium is locally asymptotically stable for the system (4), the 
theorem was proved.  
 

 
 
Figure 1: Two sex Epidemic Model. Susceptible Extinction (SE) Equilibrium, with 
parameter values: 

;0238.01 =β ;00038.01 =u ;15=τ ;01935.0=C ;1453.0=α ;003.02 =β ;072.0=γ  

;12 γ+= uu ;113.41269=k ;/))*exp(*( 111 ku ατββ −−= ;02.01 =η ;1453.02 =η
;01453.0=µ ;0822.0=ς ;3/1=σ ;1=ξ and Initial conditions; ;4973=fS  

;30000=mS  ;50=fI  ;27=mI  
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Figure 2: Two sex Epidemic Model. Endemic  Equilibrium (EE), with parameter values: 

;0238.01 =β ;00038.01 =u ;15=τ ;01935.0=C ;1453.0=α ;003.02 =β ;072.0=γ  

;12 γ+= uu ;113.41269=k ;/))*exp(*( 111 ku ατββ −−= ;02.01 =η ;1453.02 =η
;01453.0=µ ;0822.0=ς ;3/1=σ ;042.0=ξ and Initial conditions; ;4973=fS  

;30000=mS ;50=fI  ;27=mI  

 
Figure 3: Two sex Epidemic Model Variation of Infected Male Population with respect 
to the values of portion of Infected Babies)(ξ  from Infected Mothers, with parameter 

values: ;0238.01 =β ;00038.01 =u ;15=τ ;01935.0=C ;1453.0=α ;003.02 =β
;072.0=γ ;12 γ+= uu ;113.41269=k ;/))*exp(*( 111 ku ατββ −−= ;02.01 =η

;1453.02 =η  ;01453.0=µ      ;0822.0=ς  ;3/1=σ  ;042.0=ξ  and Initial conditions; 

;4973=fS ;30000=mS      ;50=fI  27.mI =  
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