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Abstract 

HIV/AIDS is a dreaded disease which has over the years claimed the life of so many 

people both female and male, adult and children in the whole continents or the globe. In 

this paper, a mathematical model on the control of HIV/AIDS was formulated using; 

vaccine, condom, therapeutic dose and public health campaign as control measures. The 

dynamic analysis of the model was carried out and the effective reproduction number 0R  

obtained. The local and global stability analyses were conducted. From the analysis 

carried out, we got that ,10 >R  which shows that HIV/AIDS is endemic. Furthermore, 

the Maple software was applied to obtain the eigenvalues which validate the 

asymptotically stable nature of the disease equilibrium position. Matlab was used to 

simulate various submodels from the main model using numerical values of the 

parameters. Results obtained were discussed which extends some results in literature.   
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Introduction  

The human immunodeficiency virus since discovery has caused a lot of havoc to the 

global community by weakening the person’s immune system as it destroys the most 

important cells that fight diseases and infection in human body. No effective cure exists 

right now against this disease, HIV, but with proper Medicare, HIV can be controlled. 

People are likely to get HIV more even because of many factors which includes; their sex 

partners, their risk behaviours, and where they live. HIV can be transmitted through 

sexual behaviours and needle or syringe use. Only certain body fluids – blood, semen 

(cum), pre seminal fluid (pre cum), rectal fluids, vaginal fluids and breast milk from a 

person who has HIV can transmit HIV virus [1]. These fluids must come in contact with 

the mucous membrane or damage tissue or be directly injected into the blood stream 

(from the needle or syringe) for transmission to occur. These mucous membranes are 

found inside the rectum vagina, penis or mouth. 

The number of new HIV infection has declined globally by 21% since the estimated 

peak of the epidemic in 1997. 2.1 million people were newly infected with HIV 

worldwide in 2017 (NACA). In some part of the world, particularly within sub Sahara 

Africa, between 15% to 28% of the population are living with HIV. The study of 

HIV/AIDS control dynamics has been of great interest to both applied mathematicians 

and biologists due to its universal threat to human existence. Mathematical model have 

been used in the study of HIV/AIDS control and treatment. 

[2] presented a deterministic mode, for controlling the spread of HIV/AIDS. [3] 

proposed a mathematical model for the dynamic of an infectious disease, a three 

dimensional model which assumed a non-linear incidence rate was quantitatively 

analysed to determine the stability of the equilibrium. [4] also proposed non-linear 

ordinary differential equation model to study the effect of vaccination on the spread of 

HIV/AIDS in a homogenously mixing population. [5] studied the impact of imperfect 

vaccine and their analysis showed that in a population of self interested individuals, there 

exists an overshooting of vaccine uptake level as the effectiveness of vaccination 

increases. The basic reproduction number of their model was calculated. [6] presented a 

mathematical model of HIV/AIDS at the Techiman municipality of Ghana and 

recommended that HIV/AIDS education should be intensified.  

[7] presented a well structured mathematical model for the control of HIV/AIDS 

using condom, vaccine, therapeutic doses with public health campaign in a 
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heterogeneous population using ( )TAAASVHEII 22  model formulation. The model is well 

posed and invariant within a well feasible deterministic region. Motivated by the work of 

[7] mention above, in this paper we considered the stability analysis of the model by 

looking at the local and global stability of the disease free equilibrium, and the basic 

reproduction number of the model. Some numerical simulations are also carried out and 

results discussed which extends some results in literature. 

Mathematical Model Formulation 

The development of our model is based on the following assumptions, in [7] as, 

 1. The diseases HIV/AIDS is killing continuously. 

 2. Individual who contact this disease will definitely die of the disease if untreated or 

on control drug. 

 3. There is no medicine right now for total cure of this particular disease, therefore 

infected individual will live with the disease in his/her life time. Individual on HIV drug 

will remain on the drug forever. 

 4. Individual who is faithful to the drug will not die of HIV/AIDS. 

 5. There is no vaccine with 100% efficacy to prevent HIV/AIDS. 

 6. The available vaccines are imperfect; and so the vaccine will wane with time. 

 7. That not all the people within the sexually active population are willing to use 

condom whenever they have sex. 

 8. There are no vertical transmissions of the diseases. 

 9. That campaign reduces the rate of transmission; because those who are properly 

informed will reduce their exposure to infection whenever they meet any infectious 

opportunity. 

We develop and analyze a mathematical model for HIV/AIDS transmission 

dynamics and control improving on the existing models as discoursed in our literature 

review. This is done by incorporating vaccination coverage, condom usage, campaign 

and therapeutic doses. The model is defined as a set of ordinary differential equations 

based on our assumptions about the dynamics of HIV/AIDS, and some biological 

interventions. 
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The interaction between the classes is described as follows: The susceptible is 

divided into three groups: ( )S  represents the number of individuals not yet infected with 

the virus (HIV/AIDS) virus but are susceptible to the disease and its recruitment is not 

vaccinated, denoted by π, the other susceptible group is the vaccinated susceptible 

population denoted by ( ),V  when the susceptible population, as a result of public 

enlightenment campaign get vaccinated at the rate 1δ  and its recruitment is vaccinated at 

a proportion P, the vaccine has the ability to reduce the infection rate by a factor 

( ) ,1 1 kθ−  where 1θ  is the vaccine efficacy. When the efficacy is low, the infection may 

occur at the rate ( ) ,1 1 kθ−  1θ  measure the efficacy of the vaccine such that .10 1 ≤θ≤  

If ,11 =θ  vaccine is completely effective in preventing the population from infections, if 

the 1θ  is equal to 0 the vaccine is useless, as the whole population will be infected if 

they interact with infected population. The third susceptible class are those who use 

condom at the 2δ  and its recruitment is denoted by ω, the failure rate in protecting an 

individual is denoted by ε, in that case the condom users will be susceptible again. The 

effectiveness of the condom is denoted by ϕ, such that, .10 ≤ϕ≤  If ,1=ϕ  the condom 

is very effective and it can prevent the population from the infections, but if the condom 

efficacy is equal to zero (0), the condom is useless. The waning rate of the vaccine is 

denoted by θ and the individual become susceptible again. Exposed class (E) is made of 

individuals who have contracted the infection at the early stage, but are not capable of 

infecting others in the population yet, the exposed individual will become infectious at 

the rate φ the public health campaign is denoted by c, the rate at which the infectious 

individual through effective public health campaign go for treatment is τ, the non 

effectiveness of therapy is denoted by 21, σσ   such that ,1,1 21 ≤σσ≤  the infectious 

individual progress to full blown AIDS at the rate ,η  the delay rate in developing 

symptom is e, ( )A  is the population of individual with clinical AIDS, it is a function of 

( ) ( )2, II  and ( )2A  developing disease symptoms. The susceptible may become 

infectious at the rate of infection k, the force of infection is given by 

,33222211

N

AnAnIn
k Tβ+β+β=  

where 

n = number of sex partners, 



Stability Analysis of the Mathematical Model …  

Earthline J. Math. Sci. Vol. 2 No. 2 (2019), 433-460 

437 

1β  = transmission rate from infectious individual not receiving treatment, 

2β  = transmission rate from infectious individual receiving treatment, 

3β  = transmission rate of AIDS individual who is undergoing therapy, (HAARTS).       

In the force of infection, .321 β>β>β  This shows that 1β  contributes much on the 

transmission of the infection due to the fact that they are not receiving treatment, so they 

are not protected, 2β  contributes much less on the transmission of the infection due to 

their HIV status, they have acquired HIV/AIDS but receiving treatment so their viral 

load will be significantly reduced, unless if they desist from taking their daily pills. 3β  is 

expected to contribute least to the infection, since they just acquired the full virus and are 

aware of the AIDS status and they are receiving the daily therapy. There is natural death 

rate ( )µ  in the whole compartments, but there is an HIV/AIDS induced death rate in the 

( )A  and ( )2A  classes. ( )A  and 2A  are the same if proportion of ( )A  class stops 

receiving treatment, [7]. 

 The total population at any time t is given by  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ).22 tAtAtAtItItEtHtVtStN T++++++++=  

The population is homogeneously mixed and each susceptible individual has equal 

chance of acquiring HIV infection when the individual come in contact with an 

infectious individuals.  

Table 1 depicts the details of the variables and parameters used in the model. 

Table 1. State variable of the HIV/AIDS with control strategies. 

( )tS  Number of susceptible at time t.  

( )tV  Number of preventive vaccinated individual at time t. 

( )tH  Number of susceptible that are condom users at time t. 

( )tE  Latent/exposed individuals at time t. 

( )tI  Infectious individuals at time t not receiving any treatment. 

( )tI2  Number of infectious individuals who are undergoing treatment. 
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( )tA  Number of individuals with full blown AIDS. 

( )tAT  Number or proportion of full blown AIDS who are undergoing therapy. 

( )tA2  Proportion of full blown AIDS who are not receiving the therapy. 

Table 2. Parameter descriptions. 

π Population recruited into the susceptible class. 

P Proportion of susceptible recruited individual with lost preventive 

vaccination. 

ω Proportion of susceptible recruited individual that uses condom. 

µ Per capita death rate (Nature death). 

iα  Disease induced death rate. 

1δ  Preventive vaccination rate in the population. 

2δ  Rate of condom usage in the population. 

θ Waning rate of the vaccine. 

ε Improper condom usage. 

ϕ Condom efficacy or effectiveness. 

1θ  Vaccination efficacy rate. 

φ Progression rate of latent individual to infectious class. 

c Public health campaign rate. 

Cτσ ,1  Rate of non effectiveness of the drug. 

τ Treatment rate of infectious individual. 

η Rate of progression to full blown AIDS. 

e Reduction in developing symptom. 

1r  Rate at which those in the AIDS class receive treatment due to 

effectiveness of public health campaign. 
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k Effective contact rate of the susceptible with the infectious classes and 

called force of infection. 

2δ  The rate at which the susceptible individual uses condom effectively. 

r Rate at which unvaccinated and those who voluntarily refused to use 

condom become exposed to the infections. 

2r  Rate at which proportion of those in A class refused to receive the 

therapy and remain with AIDS. 

2α  Disease induced death rate of those who refused therapy as AIDS 

individuals. 
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Figure 1. Model flow diagram illustrating the interactions of the different compartments. 
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From our assumptions and the flow chart we obtain the system of ordinary 

differential equations. 

,21 pVSHcSrkScS
dt

dS +µ−ε+δ−−δ−π=  

( ) ,1 11 VpVkVcS
dt

dV µ−−θ−−δ=  

( ) ,1 2 HcSHkH
dt

dH µ−δ+ε−ϕ−−=  

( ) ( ) ,11 1 EEkVrkSkH
dt

dE µ−φ−θ−++ϕ−=  

( ) ,1 21 IcIcIIE
dt

dI µ−η−τ−σ−+φ=  

( ) ,1 221
2 IIcI

dt

dI µ−σ−−τ=  

( ) ,1 21 TT
T AAcAr

dt

dA µ−σ−−=  

( ) ,1 212 ArAAcArAcI
dt

dA
T −µ−α−−σ−+η=  

( ) ,222
2 AAr

dt

dA µ+α−=  (1) 

where k is the effective contact rate given as  

.33222211

N

AnAnIn
k Tβ+β+β=  

Here follows the primary conditions 

( ) ( ) ( ) ( ) ( ) ,00,00,00,00,00 >>>>> IEHVS  

( ) ( ) ( ) ( ) ,00,00,00,00 22 >>>> AAAI T  

with the effective contact rate 

321 β>β>β  
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but 

.22 AAAIIEHVSN T ++++++++=  

Analysis of the Model 

(1) Existence of equilibrium points 

Let ( )∗∗∗∗∗∗∗∗∗
211 ,,,,,,,, aaaiiehvsE  be the equilibrium point of normalized 

model system (1). The equilibrium points can be derived by setting the right hand side of 

normalized model system (1) equal to zero 

( ) ∗∗
∗

β+β+β−ε+δ+π= sanininh
dt

ds
c 23322211  

( ) ,02 =µ+ω++δ+θ+ ∗
spc  

( ) ( ) ( ) ∗∗
∗

β+β+βθ−−θ+= vanininvp
dt

dv
2332221111  

,01 =µ−δ+ ∗∗
vcs  

( ) ( ) ( ) ( ) ,01 233222112 =µ+ε−β+β+βϕ−−δ+ω= ∗∗∗
∗

hhanininsc
dt

dh
 

( ) ( ) ( ) ( ) ∗∗
∗

β+β+βθ−+β+β+βϕ−= vanininhaninin
dt

de
23322211123322211 11  

( ) ( ) ,023322211 =µ+φ−β+β+β+ ∗∗
esaninin  

( ) ( ) ,01 21 =µ+η+τ−σ−+φ= ∗∗
∗

iecie
dt

di
 

( )( ) ,01 121
1 =µ+σ−−= icar

dt

di
 

( ) ( ) ,01 2112 =µ++α+−σ−+η= ∗∗∗
∗

arcraei
dt

da
 

( ) ,022
2 =µ+α−= aar

dt

da
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( )( ) .01 11
1 =µ+σ−−τ= aci

dt

da
 (2) 

(2) Existence of disease free equilibrium point (DFE) 

 The disease free equilibrium of the normalized model system is obtained as;  

( ) ( ).0,0,0,0,0,0,,,,,,,,,,, 12201
∗∗∗∗∗∗∗∗∗∗∗∗ == vhSaaaiievhSE  

(3) The effective reproduction number 

The effective reproduction number 0R  of the system is obtained by using the next 

generation operator method to assess the stabilities of the DFE and the endemic 

equilibrium (EE) point and the computation of the basic reproduction number is very 

essential. According to [8], the basic reproduction number is defined as the effective 

number of secondary infection caused by a typical infected individual during his/her 

entire period of infectiousness. So the meaning indicates the model’s representation for 

the population with spread of infection. Therefore considering the largest (dominant) 

eigenvalue (Spectral radius) following results obtained; 

( ) ( )
,

1

00

−













∂
∂













∂
∂

j

i

j

i

X

EV

X

EF
 

where 

iF  indicates rate of appearance for new infection in the compartment i, 

+
iV  indicates the transfer of individuals into compartment i, 

−
iV  indicates the transfer of individuals out of compartment i with all different 

means, 

0E  considered as the disease free equilibrium.  

If the DFE is locally asymptotically stable, then the disease cannot invade the 

population, that is ,10 <R  and if on the other hand, the infected individual in the 

population grows, that means the disease can spread fast in the population, then  .10 >R  

We therefore obtain the effective reproduction number by considering the state 

variables of those compartments that are capable of transmitting the disease; these 

compartments are the infected classes, i.e., ( ).,,, 22 aiie  
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The transmission model consists of the system of equations 

( ) ( ) ( ),xVxFxF iii −=   where ( ) ( ).xVxVV iii
+− −=  

The next step is to compute the matrix F and V which are MM ×  matrix M where   

represents the infected classes stated above as  

( )0E
xj

F
F i

∂
∂=  and ( ) ,0 









∂
∂= E
xj

vi
V  

where mji ≤≤ ,1  and F is non-negative and V is non-singular M-matrix (a matrix with 

inverse belonging to the class of positive matrix). Since F is non-negative and V is non-

singular, then 1−
FV  is non-negative. 

We then compute matrix 1−
FV  defined in [8] as the next generation matrix. 

Therefore ( ),
1

0
−ρ= FVR  where ( )Aρ  is the spectral radius of matrix A or the 

maximum modulus of the eigenvalues of A. 

Using our model and applying the method explained above, we obtained the 

effective reproduction number as given below; 

 ,

0000

0000

0000

44332211



















 ββββ

=

∗∗∗∗
NsrnNsrnNsrnNsrn

F  (3) 

 ,

000

00

0

000

9

6

35

4



















τ−
−φ−

=

k

k

mk

k

V
c

 (4) 

 
( )

( )

,

1
000

0

0

000
1

9

356

5

3563564

356

3

356

6

3564

6

4

1





























τ−τ−
τ

τ−
φτ

τ−τ−τ−
φ

=−

k

mkk

k

mkkmkkk

mkk

m

mkk

k

mkkk

k

k

V

cc

c

c

c

ccc  (5) 
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where  

,4 µ+φ=k  

,5 µ+η+τ= cck  

( ) ,1 16 µ+σ−=k  

13 1 σ−=m  

( ).9 µ+α=k  

Evaluating ( )1−
FV   

( )

( )

.

1
000

0

0

000
1

0000

0000

0000

9

356

5

3563564

356

3

356

6

3564

6

4

44332211





























τ−τ−
τ

τ−
φτ

τ−τ−τ−
φ

















 ββββ

k

mkk

k

mkkmkkk

mkk

m

mkk

k

mkkk

k

k
rnrnrnrn

cc

c

c

c

ccc  

Thus we have 

 ,

0000

0000

00001



















=−

QRNP

FV  (6) 

where, 

( ) ( )3564

33

3564

622

4

11

mkkNk

Snr

mkkNk

Skrn

Nk

Srn
P

c

c

c τ−
βφτ+

τ−
φβ+β=  

( ) ( ) Nmkk

Srn

mkkN

kSrn
N

c

c

c 356

33

356

622

τ−
τβ+

τ−
β=

∗∗
 

( )
,

356

533

356

322

mkk

rkSn

Nmkk

mSrn
R

cc τ−
β+

τ−
β=

∗∗
 

.
9

44

k

Srn
Q

∗β=  
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The Eigenvalues of 1−
FV  is 

 .
0

0

0



















G

 (7) 

 

where G is given as; 

 
( )

( )
.

356
2
4

4334622356411

cmkkNk

NkcSrnNkkSrncmkkNkSrn
G

τ−
φτβ+φβ+τ−β=

∗∗∗
       (8) 

Substituting the values of the variables in equation (8) above, then we have    

( ) ( )( ) ( ) ( )[ ]
( ) ( ) ( )

( ) ( ) ( ) ( )[ ] .
11

1

11

11

33122

1111

σ−τ−µ+η+τµ+σ−µ+φ
µ+φφτβ+µ+φµ+σ−φτβ+

σ−τ−µ+η+τµ+σ−µ+φβ

=
ccc

c

ccc

crnrn

rn

G                   (9) 

The basic reproduction number, represented with the big equation of normalized model 

system (1) with vaccination strategies, condom usage, public health campaign and 

treatment, is given as in (9) above.  

0RG =  

0R  measures the average number of new infections resulted by introducing one infected 

individual into the population of which are completely susceptible [9]. 

(4) Local stability of disease free equilibrium point 

Local stability of disease free equilibrium 0E  is obtained by the variational matrix 

0M  of the normalized model system corresponding to 0E  as given below. 

We set the systems by considering the normalized systems.   

,,,,, 000
dt

di
X

dt

de
G

dt

dh
K

dt

dv
P

dt

ds
H =====  

.,,, 22

dt

da
N

dt

da
M

dt

da
Z

dt

di
Y i ====                                   (10) 
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We therefore obtained our variational matrix of the normalized system  

.

0000000

0000000

000000

0000000

000000

00

0000

0000

000

92

81

473

6

55

765421

7653

7652

7651

0



































−
−

−η
−τ
−−φ

−−−−−−−
−−−−
−−−−
−−−εδ−

=

kr

kcr

mkc

k

mk

mmmkmmr

mmmkb

mmmkb

mmmk

M

c

C

A

c

             (11) 

We have the Jacobian matrix as .00
IMJm λ−=    

The characteristic equation of  0M  is obtained as. 

( ) ( )( ) ( )( ) ( )( )µ+ε−ηµ+δ−ηµ+ω++δ+θ−η=η 3122 cpcf  

( )( ) ( )( ) ( )( )µ+σ−−ηµ+η+τ−ηµ+θ−η 16354 1cc  

( )( ) ( )( ) ( )( ) ,01 928217 =µ+α−ηµ+σ−−ηµ+α+−η rcr  (12) 

where iη   are the eigenvalues  

( ) ( ) ( ),,, 3211 µ+ε=ηµ+δ=ηµ+ω++δ+θ=η pc ( ),4 µ+θ=η  

( ) ( )( ) ( )( ) ( ).,1,1, 8271635 µ+α=ηµ+σ−=ηµ+σ−=ηµ+η+τ=η cc    (13) 

This follows that, since none of the eigenvalues of the characteristic equation have 

negative real parts, the disease free equilibrium 0E  is not locally asymptotically stable in 

the region .Ω  

(5) Endemic equilibrium 

From the equilibrium of the normalized system, we equate the right hand to zero and 

with the basic reproduction number ,0R  where  

( ) ( )( ) ( ) ( )[ ]
( ) ( ) ( )

( ) ( ) ( ) ( )[ ] .
11

1

11

11

33122

1111

0 σ−τ−µ+η+τµ+σ−µ+φ
µ+φφτβ+µ+φµ+σ−φτβ+

σ−τ−µ+η+τµ+σ−µ+φβ

=
ccc

c

ccc

crnrn

rn

R                 (14) 
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We can obtain the endemic equilibrium of the normalized system of (1) 

( )∗∗∗∗∗∗∗∗∗∗ = 212 ,,,,,,,, aaaiievhsE  exists if ,10 >R  

and ( )∗∗∗∗∗∗∗∗∗
212 ,,,,,,,, aaaiievhs  satisfies the following relations. 

( )( )
,

1

1

1
2

∗∗
µ+σ−

= ii  (15) 

( )( ) ( ) ( )
,

11 21212

31
1 σ−−µ++α+µ+σ−

η=
∗

∗
crrcr

iccr
a  (16) 

( ( )( ) ( )( ) ( ) ( ) )
( ) ( )( ) ( ) ( )

,
11

111

2121221

312212123

σ−−µ++α+µ+σ−µ++α+
ησ−+σ−−µ++α+µ+σ−η=

∗
∗

crrcrrcr

iccrcrrcrc
a  (17) 

( ( )( ) ( ) ( ) ( ) )
( ) ( ) ( ) ( ) ( )

.
11

111

2121221

3122121232
2 σ−−µ++α+µ+−µ++α+µ+α

ησ−+σ−−µ++α+µ+σ−η=
∗

∗
crrcrrrcr

iccrcrrcrcr
a  (18)  

( ) ( ) ( ){ } ( ) ( ){ }
( ) ( )( ) ( )

.
2

2
2
21

23132

θ+δεδ+ω−µ+δ
µ+η+τµ+δ−µ+τ−ηδθ+δ+ω=

∗
∗

pcckc

ikcccpc
h ccc  (19) 

( ) ( ) ( )( )
( ) ( ) ( ) ( ) ( )

,
2121

133

cc

cc

cpBpccp

iBccp
V

δδ+ωεθ+−µ+ω++δ+θµ+δδθ+
µ+η+τ+µ+η+τεθ+−=∗  (20) 

( )( ) ( )( )
( )

.
542

33541

BBpc

iBcBBBp
S cc

µ+ω++δ+θ
ε+µ+η+τ++εθ+δ=∗  (21) 

{( ) ( ) ( ) {( ) ( ) ( )( )
( ) }( ) }
( ) ( )( ) ( ) ( )

,

1111

5416
2

2
2
21

33541

1212

BBBBpcBc

ibcBBBpr

kpkcpc

e

c

cc

c

µ+θθ+δεδ+ω−µ+δ
ε+µ+η+τ++εθ+δ+

+εθ+θ−+µ+δ−δθ+δ+ωµ−

=∗  (22)  

where 

( ) ( ) ( )( ),221 εδ+ωµ+εµ+ω++δ+θ= cpcB  

( ),22 µ+ω++δ+θ= pcB  

( ) ( ) { } ( ) ( ) ,231323 iBcccpcB ccc µ+η+τµ+δ−µ+τ−ηδθ+δ+ω=  

( ) ( ) ( ) ( )( ),22114 cc cpBBcpB δδ+ωεθ+−µ+δδθ+=  
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( ) ( )( ) ( ),
2

2
2
215 θ+δεδ+ω−µ+δ= pcBcB e  

( ) ( ){ } ( ) ( ) .21216 cc cpBpcpcB δδ+ωεθ+−µ+ω++δ+θθ+δµ+δ=   

The unique endemic equilibrium ∗
E  for normalized model exists and is locally 

asymptotically stable if 10 >R  and unstable if .10 <R  

Model Simulations 

In this section we simulate our various models from the main models and all the sub 

models to see the nature and numerical solution to them. We use Matlab 7.1 

programming language for our simulation using the following parameter values as 

indicated in the following table. 

Table 3. Parameter values 

S/No. Parameter  Description  Estimated value Sources  

1 π Recruitment rate 10,000 [10] 

2 ρ Rate of preventive vaccination 0.01 [11] 

3 ω Individuals that use condom 10 ≤ω≤  [12] 

4 µ Natural death rate 025.0015.0 ≤µ≤
 

[12] 

5 1α  Disease induced death rate 5.04.0 1 ≤α≤  [12] 

6 1δ  Preventive vaccination rate in the 

population 

0.45 [10] 

7 2δ  Rate of condom usage in the 

population 

10 2 ≤δ≤  [12] 

8 θ Warning rate of the vaccine 0.025 [10] 

9 ε Rate at which condom are used 

wrongly 

0.04 [10] 

10 ϕ Condom efficiency rate 0.50 Estimated 

11 1θ  Vaccine efficiency 10 1 ≤θ≤  [11] 
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12 φ Progression rate of latent 

individual to infectious class 

45.006.0 ≤φ≤  [13] 

13 c Public health campaign rate 100 ≤≤ c  [13] 

14 1σ  Rate at which people usually stop 

taking treatment (therapy) 

45.005.0 1 ≤σ≤  Estimated  

15 τ Treatment rate of infection 

individual 

2.006.0 ≤τ≤  [13] 

16 η Rate of progression to full blown 

aids 

0.1 [10] 

17 1r  Rate at which those in the AIDS 

class receive treatment due to 

effective campaign 

4.01.0 1 ≤≤ r  [13] 

18 2δ  Rate of progress to AIDS of those 

who stop treatment 

0.4 [10] 

19 iK  Force of infection 10 ≤≤ iK  [13] 

20 e Reduction in developing symptom 0.19 [11] 

21 1r  Rate of exposure to infection of 

those who stop treatment 

0.05 Estimated  

22 2r  Rate at which population of those 

in the AIDS class refused to 

receive the therapy 

0.025 [14] 

23 2α  Diseased induced death of those 

who refused therapy 

45.03.0 2 ≤α≤  [14] 

Using the table above we simulate and generate the following graphs with the 

following initial conditions   

( ) ( ) ( ) ( ) ,500,10,500,20,000,30,000,100 ==== EVHS  

( ) ( ) ( ) ( ) ,4000,5000,6000,10000 2 ==== tAAII  ( ) .20002 =A  
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Figure 2. Comparison of aids class, aids class with treatment and without treatment. 

This shows the interaction with various classes for more clear view. After a long 

period the AIDS with treatment rises above AIDS class without treatment indicating that 

the treatment has the power to prevent HIV/AIDS death. 

 

Figure 3. Comparison of infected class and infected class without treatment. 

Figure 3 shows the comparison between infected class and infected class without 

treatment. The population of the infected class without treatment is always on increase 

due to the fact that those infected and are not taken any therapy consciously will be on 

the increase and eventually death but those infected may go for therapy and may not die 

of HIV/AIDS death, this may be the reason for a drop in the graph of the infected class 

below the infected class without treatment using the parameters value as described 

earlier on the initial condition. 
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Figure 4. Effect of public health campaign on aids patient with treatment. 

The use of HAART reduces the viral load of AIDS patient who is taking therapy 

regularly. Therefore use of public health campaign on the use of therapy will reduce the 

effect of HIV/AIDS death within the population as we vary values of c from 

08.0,04.0,01.0,00.0 ==== cccc  the increase in the public health campaign will 

to reduction in patient with HIV/AIDS with treatment. 

 

Figure 5. Effect of public health campaign on Aids population without treatment. 

Figure 5 indicates that increase in public health campaign from ,2.0=c  ,4.0=c  

,6.0=c  8.0=c  will lead to a significant decline in the number of people who will 

adamantly refuse to present themselves for screening and eventually therapy as you can 

see above public health campaign will force people out of this class and attendant 

consequences. 
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Figure 6. Effect of public health campaign on the use of condom. 

Figure 6 shows the variation in public health campaign as ,0.0=c  ,1.0=c  

,4.0=c  8.0=c  indicating that increasing the public health education in the population 

on the need for anyone who may indulge in legal or illicit sex to use condom will 

definitely reduce the number of people that will remain in this class for a long time after 

a period of 20 years using the parameter values  

,45.0,01.0,5.0,25.0,10.0,5.0,5.0,2000 12 =δ=ρ===ε==δ=π krc  

,4.0,08.0,1.0,13.0,743.0,5.0,4.0,02.0 211 =σ=σ=η=τ=φ=θ=ϕ=µ  

.19.0,375.0,45.0,025.0,05.0 2121 ==α=α== err  

 

Figure 7. Variation on the change in public health campaign on infected population with 

treatment. 
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Using the parameter values   

,45.0,01.0,5.0,25.0,10.0,5.0,5.0,2000 12 =δ=ρ===ε==δ=π krc  

,4.0,08.0,1.0,13.0,743.0,5.0,4.0,02.0 211 =σ=σ=η=τ=φ=θ=ϕ=µ  

.19.0,375.0,45.0,025.0,05.0 2121 ==α=α== err  

As seen above, if the public health campaign increases it will lead to significant increase 

in the number of those that will present themselves for therapy with the variation in 

public health education as .02.0=c  

 

Figure 8. Effect of campaign on infected population. 

If we increase the public health campaign this will  reduce the number of those to be 

infected, because with effective public health campaign (c), people will not go for 

vaccine or for condom use.  

 

Figure 9. Effect of public health campaign on susceptible population. 
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In Figure 9 it shows that variation in public health campaign as indicated ,00.0=c  

08.0,04.0,01.0 === ccc  shows that increase in public health campaign on the need 

for the total population to embark on compulsory screening and vaccination will 

definitely reduce the total number of people who will definitely be susceptible to the 

virus since the majority of the population are well covered and protected with effective 

vaccination coverage rate. Keeping the other parameters constant.  

 

Figure 10. Effect of public health campaign on the vaccination class. 

Keeping the values of the parameter    

,45.0,01.0,5.0,25.0,10.0,5.0,5.0,2000 12 =δ=ρ===ε==δ=π krc  

,4.0,08.0,1.0,13.0,743.0,5.0,4.0,02.0 211 =σ=σ=η=τ=φ=θ=ϕ=µ  

19.0,375.0,45.0,025.0,05.0 2121 ==α=α== err  

Increasing in the public health campaign from 08.0,04.0,01.0,00.0 ==== cccc   

to 8.0,6.0,4.0,2.0 ==== cccc  will lead to increase in the number of those who 

will be ready to present themselves for vaccination after a long period of time. 

 

Figure 11. Efficacy of condom in the population. 
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As seen in Figure 11 the increase in condom efficacy with ,0.0=ϕ  ,2.0=ϕ  ,3.0=ϕ  

4.0=ϕ  will increase the number of people using condom that will be protected since 

highly efficacious condom prevent and cover the population from been infectious to the 

disease HIV/AIDS within the susceptible population.  

 

Figure 12. Variation of condom usage rate on condom users population. 

As the number of people that are using condom increases these in turn increases the 

rate that the population will be protected from the dreaded HIV/AIDS disease. This leads 

to an optimal control of the disease within the population under consideration using 

different values of 4.0,3.0,2.0,0.0 2222 =δ=δ=δ=δ  keeping other parameter 

values constant. The early rise is due to effective public health campaign and a little drop 

shows some level of stigma attached to the name condom but it is very much effective in 

reducing the spread of HIV/AIDS infection within a given population. Significantly, then 

those entering the susceptible class will reduce drastically which in turn will lead to 

elimination of HIV/AIDS from the population under investigation 

 

Figure 13. Effect of continuous therapy of the infected class. 

In Figure 13 increase in the use of therapy will decrease the number of infected 

people that will die of the disease as shown 32.0,24.0,16.0,08.0 1111 =δ=δ=δ=δ  
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keeping the other parameter  

,45.0,01.0,5.0,25.0,10.0,5.0,5.0,2000 12 =δ=ρ===ε==δ=π krc  

,4.0,08.0,1.0,13.0,743.0,5.0,4.0,02.0 211 =σ=σ=η=τ=φ=θ=ϕ=µ  

.19.0,375.0,45.0,025.0,05.0 2121 ==α=α== err  

This means that increase in the rate of continuous therapeutic doze of those infected with 

HIV/AIDS over a long period of time reduces the number of HIV/AIDS death within the 

population. 

 

Figure 14. Variation in treatment on the infected population with treatment. 

If the rate at which infected people comes up for treatment increases, it also 

increases the proportion of people who will remain in the infectious class and who will 

not die of HIV/AIDS and they will live their normal lives with the parameter   

,45.0,01.0,5.0,25.0,10.0,5.0,5.0,2000 12 =δ=ρ===ε==δ=π krc  

,4.0,08.0,1.0,13.0,743.0,5.0,4.0,02.0 211 =σ=σ=η=τ=φ=θ=ϕ=µ  

19.0,375.0,45.0,025.0,05.0 2121 ==α=α== err  

with the value of η varies accordingly .15.0,10.0,06.0,0.0 =η=η=η=η  
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Figure 15. Change in rate of treatment rate on the infected population. 

As seen in Figure 15 increase in the rate of treatment η on the infected population 

will lead to reduction in those in the infected class, the infected class will rise as a result 

of low awareness and when the awareness is maintain over a long period of time its 

reaches its equilibrium position at about 60 years and remain stable. This group will not 

die of HIV/AIDS disease. 

Conclusion 

In this paper, HIV/AIDS epidemic model was considered in which a nonlinear 

incidence rate was introduced. The general dynamic of our model is determined by the 

study of the basic reproduction number .0R  Where the ,10 <R  the disease free 

equilibrium is globally asymptomatically stable and when the ,10 >R  the unique 

endemic equilibrium is globally asymptomatically stable.  

We finally suggest that the appropriate use of condom both by the female and male 

will combat the spread of the disease, and sexual habits reduce both the prevalence and 

incidence of the HIV/AIDS pandemic.  

Empower people infected and affected by HIV/AIDS through training, consulting 

and education to cope with the circumstances. 

Develop standards and guidelines that can lead to the institutionalization of the best 

practices to mitigate the impact of AIDS. 

Ensure that prevention programme are developed and targeted at vulnerable groups 
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such as women and children adolescent and young adult, sex workers, long distance 

commercial vehicle driver, prison inmate’s migrant labour etc. 
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