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Abstract: In this work we considered a nonlinear deterministic dynamical system to study dynamics of
HIV/AIDS with different mode of transmissions. We found that the diseases free equilibrium point and endemic
equilibrium point exist and we perform their local stability and global stability analysis using nonlinear stability

methods. We found the reproduction numberR, = — 2024t P)G1t)*0(Fato)  \\pich depends on twelve
(k1+8+61+1—p1— (1—€)p)(k2+82+1—p2)

parameters? Using the collected standard data we found the numerical value of the reproduction number is
Ry = 2.9895 > 1. This shows that the considered disease spreads in the community. From the sensitivity
index of the dynamical system we found that the most sensitive parameter is the rate of transmission of the
disease to susceptible individuals by unaware infective B;. We also show the effect of all parameters on the
basic reproduction number using numerical simulation.
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I.  Introduction

Diseases can be transmitted in many ways some of which can be classified as either horizontal or
vertical. In the case of HIV/AIDS, horizontal transmission can result from direct physical contact between an
infected individual and a susceptible individual. Vertical transmission, on the other hand, can result from direct
transfer of a disease from an infected mother to an unborn or newborn offspring!*®!. Researchers found that about
20% of the children infected with HIV develop AIDS in the first year of their lives, and most of them die by the
age of four years. The others up to 80% of infected children develop symptoms of HIVV/AIDS at school entry
age or even during adolescence!® %),

The first simple HIV Mathematical epidemic model developed and analyzed by Anderson in 1986 and
he suggested that behavioral change was recognized as the major way of combating the spread of HIV/AIDS
epidemic as there was no treatment or vaccine to the virus.After the discovery of Anti-retroviral treatment,
modeling of HIV/AIDS was directed towards incorporating behavioral change and effects of treatment.
Treatment reduces the infectiousness of an infected individual reducing the probability of transmission from an
infective individual to a susceptible individual. On the contrary anti- retroviral therapies increases the lifespan of
the HIV infectives and as such they can infect more people if the treatment does not reduce infectiousness with
no change in social behavior!?.

Mathematical modeling has proved to be an important tool in analyzing the spread and control of
different kinds of infectious diseases & . The results of modeling and analysis help to improve understanding
of the major contributing factors to the pandemic. Mathematical models have been studied and important
inferences have been drawn in case of epidemicst > & 7 ® 3 The Mathematical model analysis by Valesco -
Hernandez and Hsieh found that only significant reductions in the transmission probability can contain the
spread of the epidemic. Such reductions could be through adoption of safer sexual practices or through
reductions in viral load due to treatmentA model by Ying -Yen and Cooke on Behavioral change and treatment
of core groups and its effects on the spread of HIV/AIDS showed that behavioral change and treatment can
eradicate the disease however if the treatment and behavioral change levels do not reach critical values,
detrimental effects could be realized resulting from slower progression to AIDS without sufficiently lower
transmission rates resulting in increased spread of HIV infectiont*2.,

Several researchers have developed HIV/AIDS models so as to understand and explain the dynamics
and the spread of the disease and succeeded to a large extent. Modeling and Analysis of the spread of AIDS
epidemic with immigration of HIV infectives is studied in ™* ?. A theoretical framework describing the
transmission of HIV/AIDS with screening of unaware infective persons is presented in 24, The joint effect of
both medical screening and variable inflow of aware and unaware infective immigrants on the disease
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transmission has been studied by ™. Modeling the Combined Effect of Vertical Transmission and Variable
Inflow of Infective Immigrants on the Dynamics of HIV/AIDS has been studied by . The spread of the
disease due to vertical transmission has also been studied by .

In this work, we proposed an extension of the model studied entitled by Modeling the Combined Effect
of Vertical Transmission and Variable Inflow of Infective Immigrants on the Dynamics of HIV/AIDS?. Here
we have investigated the combined effect of unaware infective immigrants, different mode of transmissions and
aware infective immigrants, on the dynamics of HIV/AIDS.

Il. The Mathematical Model

Our initial mode is represented by four ordinary differential equations. Our extended model is
represented by five ordinary differential equations by adding one more compartment based on the following
basic assumptions. For this dynamical system we considered susceptible classS(t), Unaware infective
classl; (t), Aware infective classl,(t), AIDS classA(t) and Seropositive classS, (t).Individuals will join the
susceptible compartment S(t)by natural birth. Some of these people will leave this compartment due to natural
deaths and some others will go to I; (t)compartment after getting infected. The remaining people will stay in the
S(t)compartment itself. People of S(t)compartment are likely to get infected by the people of I, (t)and
I, (t)compartments only. But the people of AIDS compartment A(t)being physically too weak to participate in
sexual activities, cannot transfer infection to susceptible people. In this study we considered that, the transfer of
HIV from infected people to susceptible people is by sexual intercourse and transferring HIV by any other
means like sharing needles; blood transfusion.

The population under this study is heterogeneous and varying with time, the whole human population
is divided in to five classes, the HIV can be transmitted by the sexual intercourse with infective peoples and
blood borne transmission, the full blown AIDS class is sexually inactive, the seropositive class could not
transmit the disease, all the new infected people are assumed to be initially unaware of the infection and the
probability of transferring the disease to susceptible population by unaware infected person is more than by
aware infected person i. e.f; > B, , the unaware infected people grow to AIDS much faster than the aware
infected peoplei. e. §; > §,.

Based on these assumptions we construct the following flow chart which shows the movement of individuals
from compartment to compartment.

| 9]

P1I1l l (1-e)¢n p2ls
S
(Brly + B2 1) — ! l
J S e oh
QO ~ 1 IZ > [1]2
s
olli+12) l
us %212 ka1,
\ 4 v
A Sy
A
a s,

Figure 1: The flow chart of the model

Based on the above basic assumptions and flow chart we do have the following corresponding dynamical
system represented by five non-linear ordinary differential equations.

S =Q - [fh+hb) oL +L)-uS (1)

SL= (Bl + Bolol s + o[l + L5 + ol + (1= €l — (kg + 6 + 8 + Iy @

% =poly + 0L — Kyl — (6, + W, 3)
%2 =yl + kol — 1S, )
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L =611 + 6,0, — (a + WA 5)
With initial conditions S(0) = S, I;(0) = L, I,(0) = Iy, S,(0) = S,,and A(0) = A,.

Theorem-1: /positivity/

The solutions of the dynamical system (1) — (5) with initial conditions satisfy S(t) > 0,;(t) > 0,,(t) >
0,5,(t) > 0,A(t) >0 forallt > 0. The region Q c Ris positively invariant and attracting with respect to
system (1)— (5).

Proof

By considering the five ordinary differential equations and after taking some steps on finding their solution we
do have

i Consider the first differential equation % = Qo — [b1h + B15] % —o[lh + 1] % —uS
Whose solution is S(t) = S(0)e " Q®+Q@-ut 4 fot Qpe(Q®-®)+uis—Dgs > 0 since S(0) > 0, Qy > 0

and the exponential function always positive.
ii. Consider the second differential equatlon

S
d = [pilh + lez] +oll; + 12] +pih+ (A—e)¢ph — (ky + 0+ 6 +wh
whose solution is I, (t) = Il(O)e—Kf+(/31+<f)Q(t) (/31+o)Q(0) +e K1+ [1(p, a)%e’“‘(ﬁﬁ"w“)ds >

0, since I;(0) = 0 and the exponential function always positive.
iii. Consider the third differential equation‘% =p,, + 01 — kI, — (6, + Wi,

eQO)+ut

Whose solution isl,(t) = I,(0)e™"t + e~ht fote"sellds > 0, since 1,(0) >0 and the exponential function
always positive.

iv. Consider the fourth differential equation % = kil + ky1, — uS, whose solution is S,(t) =
S,(0)e ™ + e fot e’ (ki) + kyI;)ds > 0S,(0) = 0 and the exponential function always positive.
V. Consider the fifth differential equation Z—f =611 + 6,1, — (@ + p)A whose solution is A(t) =

A(0)e~ (@it 4 o (“ﬂ‘)ff e@s(§, 1, + 8,1,)ds > 0, since A(0) > 0 and the exponential function always
positive.

Theorem-2: /Boundedness/
The feasible region Q of the dynamical system (1) - (5) is defined as:

= {(S(t), LD, L),S (t),A(t)) eRS:0 < N(t) < %}is bounded.

Proof
Assume that all state variables and parameters are positive. Here we have N =S+1; + 1, + S, + A then

% = Z—f + % + '% + ddst” + dAand thus we have p1I; + (1 —e)pl; + pI, < aA that is ‘Z— < Qg — uN. Which
implies le\L < dt. After some S|mpI|f|cat|on in the integration process we get N(t) < @+ N(0)e ™. And
-

hence as t — oo we have 0 < N(t) <% WhICh shows that the total population is bounded.

I11. Equilibrium points of the dynamical system
3.1 Disease Free Equilibrium point /DFE/
The disease free equilibrium point is obtained by setting the right hand side of the dynamical system
(1) - (5)equal to zero with assumptions there are neither infective people nor AIDS patients, that is I, = I, =

A = 0. And thus we obtain the disease free equilibrium point of the dynamical system is E, = (%, 0,0,0,0).

3.1.1Basic Reproduction numberR,

The reproduction number is defined as the average number of secondary cases produced by a typical
infected individual during his or her entire life as infectious or infectious period when introduced or allowed to
live in a population of susceptible. We shall now compute the basic reproduction number of the present model
using the next generation method. The basic reproduction number is a threshold quantity used to study the
spread of an infection disease in epidemiological modeling and it is the spectral radius of the next generation
matrix [8].In the dynamical system (1)-(5) the rate of appearance of new infections F and the transfer rate of

individuals V at the disease free steady state E, = (Q0 0,0,0,0)with S~Nis F = [ﬁl +to ﬂz ] V=
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ki +0+6+w—(@ + A1—-€)p) 0
-0 (ky + 6+ 1) —p2
and
! 0
V‘lz[ ki +60+6+pu—p— (1-e€)¢
| 0 1 |
[lkes + 0+ 6, +u—p1 — A= OPllky + 0, + 1—ps] kg + 8, + 1 —p2l

The spectral radius or Eigen value of FV~is the required basic reproduction number obtained by R, =
(k2+62+u—p2)(B1+0)+6(B2+0)
(k1+0+61+u—p1— (1-€)p) (k2 +82+1—p2)’

3.1.2Local stability of the disease free equilibrium point E,

Theorem-3:

The disease free equilibrium point E, of the dynamical system (1) - (5) is locally asymptotically stable if Ry < 1
and unstable ifR, > 1.

Proof
TheJacobean matrix of the dynamical system (1) - (5) at the DFE point E, = (%, 0,0,0,0) is:

—u ~(B+0) -(B+0) O
0 pB+o-A pB,+o 0
0 0 -A, 0
0 K, K, —u

Whel’eA1= k1 +9+61 +u—p— (1—6)¢al’ldA2= k2+62 +Uu—p;
The corresponding characteristic equation for the eigenvalue A is with

—u-4 — (B, +0) —(B, +0) 0

‘](Eo) =

0 pi+to-AN -1 p,+o 0 0
0 0 - 0o |
0 k, K, —u-A

or (u+AD*[(B+0—0—D(—8,—2)—6(B,+0)]=0 or (u+A)?[A>+BA+C]=0 where C=
AlAZ - (ﬂl + O-)AZ - Q(ﬁz + U)and B = (AZ _ﬁl -0+ Al)

If Ry < 1 implies 22522024 < gyhich implies that 4,(8; +0) +8(8; +0) < AA;
182

And AjA; — Ay (B + 0) —0(B; + ) > 0 which implies that € > 0. Since AjA;, —A,(B; +0) —0(B, +0) >
0 we have (A, — (B + 0))A; — 0(B, + o) > 0 which implies that

— (B, + o) > Othat is B > 0. Therefore the quadratic equation 1> + BA+ C = 0 has two negative real
roots.In general we have all eigenvalues of the Jacobian matrix are negative. Hence the disease free equilibrium
point is locally asymptotically stable and if R, > 1 then the characteristic equation will have positive
eigenvaluesthereforeE, is unstable.

3.1.3Global stability of disease-free equilibrium point

Theorem-4:

The disease free equilibrium point E, is globally asymptotically stable if Ry < 1.

Proof

We construct a Liapunov function by V = a1, + a1, + a3S, + a,Aand thus we get V' is continuous function

and has first order partial derivatives and V has minimum at E, = (%,0, 0,0,0) which is V(%,O, 0,0,0) =0.
Finally we calculate the time derivative of Valong the solution path yields

Z‘; aq Cfiltl + a % + as dtp + 0!4 [ (ﬁ1+a) S - Al] + a29 + a3k1 + a461] 11 + [a1 (ﬁ2+0) N a2A2 +

a3k2+a402/2—a3uSp—ad(c a/+/1)/1_< al[f1+o-A1]+a2b6+a3kl+a4d1/1+alf2+o—alA2+a3k2+a4ds2
2—a3uSp—ad(a+u)A. Take the coefficients of /2, Spand A4 are equal to zero. Then we gete3=0, a4=0and
_ a1(B2+0)
=
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Then— < [y [(By + 0) — A ] + a,0]1 = [0‘1[([”1 +0)—4]+ @] I = [%(ﬁl +0) —aiA +
Q’]ﬁ2+JﬂAZ/]—31A2ﬁ1+0'+ﬁ2+0'674|2 —@1A1/1<alR0414242—-a141/1

ThIS Imp|IeS that Z_l: < [a1R0A1 - a1A1]11 = a1A1 [RO - 1][1
We observe that Z—‘: < 0if Ry < 1. Furthermore, i—: =0 if and only if I, =1, =5, = A = 0. Therefore, the

largest compact invariant set in (S, I, I, Sp, A) €EN: i_‘z: 0. Thus the endemic equilibrium point E, is
globally asymptotically stable.

3.2Endemic equilibrium point
The endemic equilibrium point is obtained by setting the right hand side of the dynamical system (1)-(5) equal
to zero. Thus we get the endemic equilibrium pointisE™ = (S*,I7, I, S;, A")where

1

=l pr=2(1-1) L' = @l 7)) Sy = nosi-aht0(175) and

Ro Aq Ro A142 i1z

1 1
4o 614,00 (1 - R_o) + 6,Q,0 (1 - R_o)
(a + )4,

3.2.1 Local stability of endemic equilibrium point
Theorem-5:
The positive endemic equilibrium point E* of the system of equations (1) - (5) is locally asymptotically stable if
Ry > 1.
Proof

The Jacobian matrix of the system of equations (1) - (5) at the endemic equilibrium point is

[omn (s (50 o)

(ﬁl+a>s*—A1 <ﬁ2+a>s* 0 0

JEHY=| ¢ N N
0 0 —A, 0 0
0 kq k, —u 0
0 6, 6, 0 —(a+uw
The corresponding characteristic equation is
,81 +o ,32 +0o
—au-4 _( R, ) _< R, ) 0 0
prt+o B2 t+o
. ( R, ) A =2 ( R, ) 0 0 =0
0 0 —A, — 2 0 0
0 kq k, —u—21 0
0 61 6, 0 —(a+p)—

After some calculations using Routh Hurwitz stability criterion we found that all roots of the characteristic
equation have negative real part, therefore the endemic equilibrium point is locally asymptotically stable.

3.2.2Global stability of endemic equilibrium point

Theorem-6:

The endemic equilibrium point E* is globally asymptotically stable if (ﬁ2+”)5*1112 (2+”)125<
“lus (2= %)+ () nst (2= 5= ) + (57 s (2= 5 - )]+ (57) s -

Proof

We defined a Liapunov function by
V=(S—S"InS) + (I — IjInL) + y1(I — I;InL,) +y,(S, — S;InS,) + y3(A — A*InA)and thus we get V is

continuous function and has first order partial derivatives and V has minimum at E* which is E*0. Finally we

calculate the time derivative of Valong the solution path yieldsd— (1——)d—5+(1——) ah 4 +y; (1—

dt
12+[2d72dt+y 21 —Sp+SpdSpdt+y31—AxAdAdt
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L e e B (ST S

I s; A
+ 1 ( —) (65 — A 1] + v, <1 - —> [k1ly + koI, — S, | + v3 (1 - —) [616 + 6,1,
— (a+ wA]
av LI . s st s
& = Z - ywherez = (BZ”)S g () psand v = - [ust(2-5 - ?) +(B) st (2-5-5) +

L2+oNI2+5+2—S+5—55* +,6’2+J/V/] *[1125—LF24+0NS*/2x1 —/2*/1/2/1 *=/1%/2/1/2~*. Hence, if Z<V
then, ‘;—Z will be negative definite, implying that Z—I: < 0. Also Z—I: =0, ifand only if S=S",=1I{, I, =
I3, S, =S, and A = A". Therefore the endemic equilibrium point E™is globally asymptotically stable in Qif
Z<Y.

IV. Parameter Estimation For Numerical Simulation And Senstivity Analysis
To perform numerical simulation and sensitivity analysis we collect the following parameter values obtained
from different sources.

Parameter Description Estimated value Ref.
b1 Probability of transmission of the disease to susceptible individuals 0.9 [25]
by unaware infective
B, Probability of transmission of the disease to susceptible individuals 0.7 [25]
by aware infectives
[0 Rate of development to AIDS from unaware infectives 0.3 [25]
[ Rate of development to AIDS from aware infectives 0.02 [25]
o Rate of transmission through blood borne 0.003 [13]
u Natural mortality 0.02 [15]
6 Rate of aware infectives from unaware infectives 0.3 [25]
ky Rate of treatment of unaware infectives 01 Estimated
k, Rate of treatment of aware infectives 0.4 [17]
Py Rate of unaware infectives immigrants 0.1 [25]
D, Rate of aware infectives immigrants 0.2 [25]
¢ Rate of vertical transmission 0.03 [25]
€ Probability of death at birth 0.2 [25]
a AIDS induced death rate 0.9 [25]

Table 1: Parameter estimation

4.1 Estimation of basic reproduction number R,
R = (ky + 6, + u—py)(B1 +0) +6(B; + 0)
0 =

(ki +60+6+pu—p— (A=e)p)(ky + 6, + 11— p2)
R, = 2.9895

1. Numerical Simulations

The numerical analysis is obtained from the graphs of basic reproduction number with respect to the parameters
obtained and given in Tablel.

Rate of transmission of the disease from unaware infective class 8,

Graphical representation of the basic reproduction number Ryversus rate of transmission of the disease from
unaware infective class §;and keeping other parameters constant

0.24f, +0.21162
0.14304

Figure 2: This figure showsan increase in the rate of transmission, ;, makes an increase in the reproduction
number, R,. That is the disease always persists for any value of parameter;.
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Rate of transmission of the disease from aware infective class g,
Graphical representation of the basic reproduction number R,versus rate of transmission of the disease from
aware infective class 8,and keeping other parameters constant

Ry

= 0.22572 + 0.38,
1 0T 0.14304

R0=1

Bz

Figure 3: This figure showsan increase in the rate of transmission, ,, makes an increase in the reproduction
number, R, . That is the disease always persists for any value of parameter S,

Rate of blood borne transmission of the disease o
Graphical representation of the basic reproduction number R,versus rate of blood borne transmission of the
disease oand keeping other parameters constant

Ry
T _ 0.426 + 0.540

o7 0.14304

Figure 4: This figure showsan increase in the rate of blood borne transmission, o, makes an increase in the
reproduction number, R,. That is the disease always persists for any value of parametero

Rate of progress of unaware infective to AIDS &,
Graphical representation of the basic reproduction number R,versus rate of progress of unaware infective to
AIDS §;and keeping other parameters constant

Ry

0.42762

1 Rh=—rn—rrn—
07 (0.07104 + 0.2465,)

R0=1

" 1.assys ' '
61

Figure 5: This figure showsan increase in the rate of progress of unaware infective to AIDS, §;, between the
parametric values 0 and 1.48575 makes a decrease in the reproduction number, R, but the reproduction number
is greater than one that indicates the disease persists. If the parameter value of §; greater than 1.48575, then the
reproduction number decreases and becomes less than one where the disease dies out.
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Rate of progress of aware infective to AIDS &,
Graphical representation of the basic reproduction number R,versus rate of progress of aware infective to AIDS

&, and keeping other parameters constant

Ry

R, = 040956 + 0.9036,
0™ (0.13112 + 0.5966,)

Figure 6: This figure shows an increase in the rate of progress of aware infective to AIDS, §,, makes a decrease
in the reproduction number, Ry, but the reproduction number is greater than one that indicates the disease still
persists.

Rate of unaware infective immigrants p,
Graphical representation of the basic reproduction number R,versus rate of unaware infective immigrants p;

and keeping other parameters constant

Ry
0.42762

Rp=———
0™ (0.16704 — 0.24p,)

P

Figure 7: This figure shows an increase in the rate of unaware infective immigrants, p,, between 0 and 0.696,
makes an increase in the reproduction number, R, > 1 and tell us the disease persists

Rate of aware infective immigrants p,
Graphical representation of the basic reproduction number R,versus rate of aware infective immigrants p, and

keeping other parameters constant

Ry |

_0.60822 - 0.903p,
%7 (0.26224 — 0.596p,)

R0=1

I1. 126971 ) ) )
/ b2

Figure 8: This figure shows an increase in the rate of aware infective immigrants, p,, between 0 and 0.44,
makes an increase in the reproduction number, R, > 1 and tell us the disease persists. If the rate of aware
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infective immigrants between 0.44 and 1.126971 makes an increase in the reproduction number with, Ry <1
and tell us the disease not persists. Whereas, the rate of aware infective immigrants greater than 1.126971,
makes an increase in the reproduction number, Ry > 1, and tell us the disease persists.

Rate of transmission of unaware infective to seropositive classk,
Graphical representation of the basic reproduction number R,versus rate of transmission of unaware infective to

seropositive classk; and keeping other parameters constant

Ry \
= 0.42762
© 7 (0.24k; +0.11904)

1.28575 ' ' k1

Figure 9: This figure shows an increase in the rate of transmission of unaware infective to seropositive class, ki,
between 0 and 1.28575, makes a decrease in the reproduction number, with R, > 1 and tell us the disease
persists. If the rate of transmission of unaware infective to seropositive class greater than 1.28575 makes a
decrease in the reproduction number with, Ry < 1 and tell us the disease dies out.

Rate of transmission of aware infective to seropositive classk,
Graphical representation of the basic reproduction number Ryversus rate of transmission of aware infective to

seropositive classk, and keeping other parameters constant

Ry
_0.903k; + 0.06642
%™ (0.596k, — 0.09536)

ka

Figure 10: This figure shows an increase in the rate of transmission of aware infective to seropositive class, k,
makes a decrease in the reproduction number, with Ry > 1 and tell us the disease still persists.

Rate of transmission of unaware infective to aware infective 6
Graphical representation of the basic reproduction number Ryversus rate of transmission of unaware infective to

aware infective 6 and keeping other parameters constant
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0.21672 4 0.7038
(0.07104 4 0.248)

Figure 11: This figure shows an increase in the rate of transmission of unaware infective to aware infective, 9,
then the reproduction number almost constant, with R, > 1 and tell us the disease still persists with constant
reproduction number(i.e approximately 2.9292 ).

Rate of vertical transmission ¢
Graphical representation of the basic reproduction number R,versus rate of vertical transmission ¢ and keeping
other parameters constant

Ry | . 0.42762
© 7 (0.1488 — 0.192¢)

R(]:l

¢

Figure 12: This figure shows an increase in the rate of vertical transmission, ¢, between 0 and 0.775 then the
reproduction number also increases, with R, > 1 and tell us the disease persists.

Natural death rate u
Graphical representation of the basic reproduction number R,versus natural death rate uand keeping other
parameters constant

040956+ 0.903y
1 07 (0.576 + 11)(0.22 + 1)

\ RO:l

+ 4 3 +

Ry

0.58801 u

Figure 13: This figure shows an increase in the natural death rate, u, between 0 and 0.58801 then the
reproduction number decreases, with R, > 1 and tell us the disease still persists. If the natural death rate is
greater than 0.58801, then the reproduction number is decreases, with R, < 1 and this tell us the disease dies
out.

V. Sensitivity analysis
The parameter values and assumptions of any model are subject to change and error. Sensitivity
analysis is the investigation of these potential changes & errors and their impacts on conclusions to be drawn
from the model. Here we use it to discover parameters that have a high impact on reproduction number R,. We
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calculate the normalized forward sensitivity index of a variable u that depends differentiable on a parameter p is
defined bySI(p) = Z—;xg.
After some simplifications and numerical calculation we get values of sensitivity index for the important

parameters mentioned by the table below:

Parameter Sensitivity Index
B 0.50512137
& —0.50335570
B, 0.49109022
P2 0.41099574
k, —0.280622983
2N 0.16778523
kq —0.16778523
0 0.09332127
u —0.07465662
8, —0.04109957
¢ 0.04026846
a 0.00378841

Table 2: Sensitive indices

VI. Results and Discussion

Results from Numerical simulation show that as the probability of transmission of the disease from
unaware infective and aware infective increases, the basic reproduction number increases. This will result in
increasing on the transmission of HIV/AIDS.We can also observe that an increase in the rate of bloodborne
transmission,o, makes an increase in the reproduction number, R,. That is the disease always persists for any
value of parametera. Moreover an increase in the rate of progress of unaware infective to AIDS, §;, between the
parametric values 0 and 1.48575 makes a decrease in the reproduction number, R, but the reproduction number
is greater than one that indicates the disease persists. If the parameter value of §; greater than 1.48575, then the
reproduction number decreases and becomes less than one where the disease dies out.

An increase in the rate of progress of aware infective to AIDS, §,, makes a decrease in the
reproduction number, R, but the reproduction number is greater than one that indicates the disease still persists.
We also observed that an increase in the rate of unaware infective immigrants, p;, between 0 and 0.696, makes
an increase in the reproduction number, R, > 1 and tell us the disease persists. In addition to an increase in the
rate of aware infective immigrants, p,, between 0 and 0.44, makes an increase in the reproduction number,
R, > 1 and tell us the disease persists. If the rate of aware infective immigrants between 0.44 and 1.126971
makes an increase in the reproduction number with, Ry < 1 and tell us the disease dies out. Whereas, the rate of
aware infective immigrants greater than 1.126971, makes an increase in the reproduction number, Ry > 1, and
tell us the disease persists.

We can also observed that an increase in the rate of transmission of unaware infective to seropositive
class, kq, between 0 and 1.28575, makes a decrease in the reproduction number, with Ry > 1 and tell us the
disease persists. If the rate of transmission of unaware infective to seropositive class greater than 1.28575 makes
a decrease in the reproduction number with, Ry < 1 and tell us the disease dies out.An increase in the rate of
transmission of aware infective to seropositive class, k,, makes a decrease in the reproduction number, with
R, > 1 and tell us the disease still persists,we also observed that an increase in the rate of transmission of
unaware infective to aware infective, 6, then the reproduction number almost constant, with R, > 1 and tell us
the disease still persists with constant reproduction number(i.e approximately 2.9292 ). Whereas an increase in
the rate of vertical transmission, ¢, between 0 and 0.775 then the reproduction number also increases, with
Ry > 1 and tell us the disease persists. Moreover we can also observed that an increase in the natural death rate,
u, between 0 and 0.58801 then the reproduction number decreases, with R, > 1 and tell us the disease still
persists. If the natural death rate is greater than 0.58801, then the reproduction number is decreases, with
Ry < 1 and this tell us the disease dies out.

From sensitive analysis we observed that the most sensitive parameter is the probability of the disease
transmits to susceptible people by unaware infective humans, ; and the least sensitive parameter is the rate of
transmission through bloodborne, o. The indices having positive signs increase the value of Ryas one increase
them and those having negative signs decrease the value of R, when they are increased.

VII.  Conclusion
In this paper, we proposed an improvement of the model ! that is to show the effect of unaware
infective immigrants, aware infective immigrants, vertical and bloodborne transmission and treatment on the
dynamics of HIV/AIDS. A non-linear differential equation was formulated to represent the model. The stability
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analysis on the model shows that the disease frees equilibrium point E, is shown to be locally asymptotically
stable and globally asymptotically stable when R, < 1and the positive endemic equilibrium point E* is shown
to be locally asymptotically stable and globally asymptotically stable Z < Y. Results from Numerical simulation
show that as the probability of transmission of the disease to susceptible individuals by unaware and aware
infective individuals increases, the basic reproduction number also increases. This will result in increasing on
the transmission of HIV/AIDS. A sensitivity analysis of the basic reproduction number indicates that
transmission probability, the rate of progress to AIDS and the rate of aware infective immigrants” are the most
sensitive parameters that can be used to control the spread of the disease.

VIIl. Recommendation

From the above results and discussion we would like to recommend the following to control the spread
of HIV/AIDS: keep the rate of progress of unaware infective to AIDS, §;, greater than 1.48575, where the
reproduction number is less than one, keep the rate of aware infective immigrants between 0.44 and 1.126971,
keep the rate of transmission of unaware infective to seropositive class greater than 1.28575,keep the natural
death rate greater than 0.58801 and The most sensitive parameters like transmission probability, the rate of
progress to AIDS and the rate of aware infective immigrants’, these parameters are those that should be targeted
most by policymakers in the fight against the disease,.
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