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Leptospirosis is an infectious disease that damages the liver and kidneys, found mainly in dogs and farm animals and caused by
bacteria. In this paper, we present the optimal control problem applied to a dynamical leptospirosis infected vector and human
population by using multiple control variables. First, we show the existence of the control problem and then use analytical and
numerical techniques to investigate the existence cost effective control efforts for prevention of indirect and direct transmission of
this disease. In order to do this, we consider three control functions two for human and one for vector population. We completely
characterize the optimal control problem and compute the numerical solution of the optimality system using an iterative method.

1. Introduction

Leptospirosis disease is a globally important infectious dis-
ease. The disease is caused by a bacteria which is called
Leptospira. Human as well as cattle is mostly infected from
this disease [1]. The human is infected by means of drinking
the water in which a rat was found dead, and cattle that
drink this water become infectious. The human whose urine
is used by other animals and cattle is also infected because
the leptospirosis disease germs come out in urine. Those
who wade through dirty water are mostly infected from this
disease. Weil’s first time described leptospirosis as a unique
disease process in 1886, while 30 years before Inada and his
colleagues identified the causal organism. The symptoms of
leptospirosis are high fever, headache, chills, muscle aches,
conjunctivitis (red eyes), diarrhea, vomiting, and kidney or
liver problems (which may also include jaundice), anemia,
and, sometimes, rash. Symptoms may last from a few days
and up to several weeks. Deaths from this disease may occur,
but they are rare. For some cases the infections can be mild
and without obvious symptom [2-6].

Many models have been proposed to represent the
dynamics of both human and vector population [7-9].
Pongsuumpun et al. [10] developed mathematical models to
study the behavior of leptospirosis disease. They represent
the rate of change for both rats and human population.
The human population is further divided into two main
groups: juveniles and adults. Triampo et al. [11] considered
a deterministic model for the transmission of leptospirosis
disease [11]. In their work they considered a number of lep-
tospirosis infections in Thailand and showed the numerical
simulations. Zaman [12] considered the real data presented
in [11] to study the dynamical behavior and role of optimal
control theory. The dynamical interaction includinglocal and
global stability of leptospirosis infected vector and human
population can be found in Zaman et al. [13]. In their work
they also presented the bifurcation analysis and presented the
numerical simulations for different values of infection rate.
In [14], the author presented an epidemic model of malaria,
by using three control variables, and obtained their optimal
solutions; for more references, see, for example, [14-17].
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In this paper, we consider the basic model studied in [13]
to incorporate some important epidemiological features. We
use optimal control theory to reduce the proportion of the
infected human and infected vector population by using mul-
tiple control. At the long-term level of infected human, every
infected human on average causes one further secondary
case. Therefore, if we can reduce the number of infected
humans further, the disease does less well and increase the
recovered human. Here we define the control variables; the
first control is to cover all cuts and wear dry, full-cover
boots, shoes and long sleeve shirts when handling animals.
The second control represents washing hands thoroughly
on a regular basis and showering after work. Cleaning up
both work place and home is our third control. To do this,
we first show the existence of the optimal control system.
Then, by solving the optimality system analytically, which
consists of the original state system, the adjoint system and
their boundary conditions. The real data presented for lep-
tospirosis epidemic in Thailand have been used in numerical
simulations. We also conclude by discussing the results of
the numerical simulations for our epidemic mathematical
model.

The structure of the paper is organized as follows.
Section 2 is devoted to the mathematical formulation and
solution of the problem which is further divided into
the following subsections. Section 2.1 includes the formu-
lation of the mathematical model followed by Section 2.2
which contains optimal control problem whereas Section 2.3
explains the bifurcation analysis of the control problem. The
last Section 2.4 discusses the existence of control problem.
Section 3 is devoted to the numerical solution of the optimal-
ity system. Finally, the conclusion is presented in Section 4.

2. Mathematical Formulation and Solution

2.1.  Mathematical Model. In this section, a vector-host
epidemic model with direct transmission is presented. The
host population at time ¢ is divided into susceptible S, (t),
I,(t) infected and recovered R, (¢) individuals. The vector
(rats) populations at time ¢ is divided into susceptible S, (t)
and infected vector population I,(¢). The total population
of human is denoted by N, and the total population of the
vector is denoted by N,. Thus, N, (t) = S,(t) + I,(t) + R,(t)
and N,(t) = S,(t) + L,(t). The mathematical representa-
tion of the model which consists of the system of nonlin-
ear differential equations with five state variables is given

by

ds

d_th = by — Sy = BoSul, = BiSuli + ApRy,s
dl

d—th = BoSul, + BiSuly, =ty — 6Ly = YiIps
dR

h
—~ =y —wR, —A,R,,
dt Yuln = Uty RASA
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ds

d_l’v = b2 - VVSV - ﬁSSth’
dI,

ﬁ = ﬁ3s1/[h - YVIV - 61/11/'

)

Here b, is the recruitment rate of human population, sus-
ceptible human can be infected by two ways of transmission,
that is, directly or through infected individuals, and f3;, 3,
are the mediate transmission coefficients. g, is the natural
mortality rate for human; y, is the recovery rate for human
from the infections. We assumed that disease may be fatal
to some infectious host, so disease related death rate from
infected class occurs at human populations at §;,. The immune
human once again is susceptible at constant rate A;,. b, is the
recruitment rate for vector population. The infectious vector
dies due to disease at vector populations at the rate of §,. f3;
represents the disease carrying of susceptible vector per host
per unit time; y, is the death rate of vector.

2.2. Optimal Control Problem. Optimal control theory is
a powerful mathematical tool which makes the decision
involving complex dynamical systems [18]. Optimal control
method has been used to study the dynamics of the disease;
we refer the reader to [19-21]; no such method is used,
according to the author’s knowledge, to determine optimal
control measure for vector-host epidemic direct transmis-
sion. The problem is to minimize the infected human and
vector population and to maximize the recovered human
population. In the system (1) we have five state variables S;,(t),
L,(t), R, (t), S,(t), and I,(¢). In this optimal control problem
we use three control variables.

(i) The first control u,(¢t) (Figure7) represents that
human should cover all cuts, abrasions with water-
proof dressing, grazes, wear dry clothes, wear full-
cover shoes, gloves, and use the shirts with long
sleeves when handling the animals.

(ii) The second control u,(t) (Figure 8) shows that after
work human should bath or shower regularly and
adopt the habit of washing hands regularly.

(iii) Our third control u;(t) (Figure 9) represents cleaning
the home and working area.

In the human population, the associated force of infections
are reduced by factors of (1-u, (t)) and (1-u,(t)), respectively.
We assume that the mortality rate of vector population
increases at a rate proportional to u;(t), where ¢, > 0 and
€, > 0 are rate constants. Taking into account the extensions
and assumptions made above, it follows that the dynamics of
the system (1) are governed by the following system of five
differential equations:

ds,

ar by — .S, = BoSpI, (1 - uy (1))

= BiSuly, (1= uy (£) + ARy,
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dr
d_th = B,Sul, (1 —uy (1) + By, (1 —uy (1)
= il = Opdy = Yl — vy (8) I

dR
d_th = thh - ‘l/lth - Ath + u; (t) Sh + U, (t) Ih’

ds,
d = b2 - YVSV - /338th — €U3 (t) Sv’
t
dl
d_; = ﬁ?)Sth - YVIV - 81/11/ — U3 (t) Iv
2)
with initials conditions
S, (0020, I,(0)>0,  R,(0)>0,
3)
S, (0) >0, I,(0) >0,

where A, A,, B,, and B, are positive constants to keep
the balance of the size of the individuals S, (t), I,,(¢), S,(t),
and I,(t), respectively. For the optimal control problem we
consider the control variable u; € U. Here, u;, u,, u; € U is
measurable; 0 < u; (), u,(t), us(t) < 1.

2.3. Bifurcation Analysis of the Control Problem. In this sub-
section, we present the endemic equilibria which is further
used in the bifurcation analysis. In order to do this we set
the left-hand side of the system (2) equal to zero and use the
technique developed in [22], getting

PP, (y, + Bs1;; +€us)

Sk = ,
" BaBsby (1 —uy) + Py (1 - uy) (Vv+/331; +€u3)
. b,

Yop Bl ey ’

I* ﬂ?}bZI;

- P, (Yv + ﬁ31;[ + 61“3)’
RZ = (P3I;: (/52/33172 (1 - ”1)

+P By (1= 1) (y, + Bl +€u3) + 1)
XPyP; (y, + Bs1;, + €1143))
X (Py (B,Bsby (1 —1y) + P By (1 - uy)

x(y+ Bl +eus)))
(4)

where
P =y, +0, +e&us,
Py = phy, + O, + yy + ty, (5)
Py =y, + Ay

The reproduction number for the control system (2) is given

by
_ ﬂ(ﬁz&bz(l_”l) +ﬁl(1_“2)>' 6)
p \ PPy (y, — €1u3) Py

u

The reproduction number for without control system is given
by

b b
Koz_l(%‘*%)) (7)
U \ Who Lo 0

where Py = (5, +7v,) and P} = (w, + 8, + y;,). In the above
expression for the endemic equilibria the infected component
I, is nonzero. Using the value of S;, R;, and I in the first
equation of the system (2), we obtained

f(I})=al;* +bI; +c=0, (8)
where

a= Ahﬁiplﬁl (1-u,),
b= /\hﬁiﬂzbz (1-uy) + Py By Py (1 - uy) B
+ AuBs Py (y, +€us) By (1—uy)

- P,P,p, (1 - ”1) Bsfab, = By (1 - “2) P Bs
+u AP B,

¢ = =P PPy (y, +eus) py, (By (1 - 1) —uy 1) (1-K,).
9)

Here the coefficient a is positive always and ¢ depends
upon the value of K,; if the value of K, < 1, then ¢
is positive; otherwise negative. The positive solution of the
above equation depends upon the value of b and c. For the
value of K, > 1, the above equation leads to two roots,
positive and negative. If we substitute K, = 1, then the
equation has no positive solution. This is possible if and only
ifb < 0. For b < 0 and K,, = 1, the equilibria depend upon
K,; then there exists an open interval having two positive
roots, that is, I, = (-b — Vb*> —4ac)/2a and I, = (-b +
Vb? — 4ac)/2a. For ¢ > 0 either b*> < 4ac or b > 0, then
the above have no positive solution.

For backward bifurcation, we set b*—4ac = 0and K, = R,
and solve for the critical value of K, which is given by

bZ
RC =1- .
4aP, P, P, (y, + €yus) gy (By (1 - 1) —uyAy)
(10)

It is proved by simulating the set of parameter values pre-
sented in Table 1. Figure 1 shows the bifurcation of the control
system (2). The high bold black line shows the bifurcation at
u, = u, = uy = 0, that is, without control. The small black
bold line shows the bifurcation at ; = u, = u; # 0, that
is, with control. The change occurs in the bifurcation rapidly
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TABLE 1: Parameter values used in the control bifurcation. when we apply the control variable. u, is the first control,
Notation Value which is represented by the bold dotted line, the dotted
p 10 dashed line represents the second control, which shows the
2 change in the control, the very narrow dotted line represent
B, 0.048 . : :
8 0.006 the third control, and bifurcation occurs for the control
3 . .
" 0.001 variable.
Ay 0.068
Vo 0.041 2.4. Existence of Control Problem. We use the bounded
b, 10 Lebesgue measurable control and define our objective func-
B 0.0008 tionalas
U 0.541
Uy 0.081 J (”1’ Uy, u3)
th, 0.091
5, 0.10 (T
s 0.009 = min . ALS, (1) + AL, (t) + B,S, (t) + B,I, (t)
, .
6 0.009 )
€ 0.00001 += (Wi + Wyt + Wil ) dt.
Y 0.087 2( 14+ Watl + Wati)
(11)
30 Here, in (11), A, A,, By, B,, W;, W,, and W; represent the
weight/balance factors just to keep the balance of individuals
25t in the objective functional. The control set is defined as
u3 control
20 L u; control
Without control ~ \  \ .- U = {u = (uy, 4y, u3) | u; (t) is Lebesgue measureable,
I (12)

With control

5 \ -
u, control
O L L n L

1.2 1.4 1.6

1.8

0<u(t)<1, te[0,T], fori=1,2,3}.

Note. The details of the control variables u,, u,, and u; are
available in Section 2.2.

First, we show the existence for the control system (2).
Let S, (¢), I,(t), R,(t), S,(t), and I,(t) be the state variables

K,
" with control variables u, (¢), u,(t), and u;(¢). For existence we
! — consider the control system (2). Then we can write the system
— (uy, up, u3) = Without control (2) in the following form:
. U, PR
— Uy =uUy=u3=0 ... us
o — X' = AX +F(X), (13)
FIGURE 1: The plot shows the backward bifurcation for control and
without control system. where
S (1)
I, (t)
XI = Rh (t) 5
S, (1)
I, (t)
—Upn 0 A’h 0 0
0 —[/lh—(sh—yh—uz(t) 0 0 0
A=| uy Y + Uy (1) —pn — Ay 0 0 (14)
0 0 0 -y, — €U (1) 0
0 0 0 0 -y, — 6, — &;u; (t)
by = BaSu ()L, (1 -1y () = BiS, (1) I (1) (1 -y (1))
BoSn )L, (1 —uy (1) + B S, 1) I, (1) (1 — uy (1)) (1 — u, (2))
F(X) = 0 ,

b, = B5S, () I (t)
ﬁ3sv (t) Ih (t)
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where X' denotes the derivative with respect to time ¢. The
system (13) is a nonlinear system with a bounded coefficient.
We set

G(X) = AX + F(X). (15)
The second term on the right-hand side of (15) satisfies
|F (X)) - F(X,)]
< Cy (|(S1 (8) = Sy, )| + C, (I (£) = Ly, (1))
+ G5 |(Ryy, (£) = Ry, ()] + C4 [(S1, 1) = S5, (1))
+Cs |(I, (1) = L, (D))
< C(|(Sy () = Sy )| + |y (1) = Ly, (1))]
+|(Ryy () = Ry, ()] + (1, () = S5, ()]

+|(Iy, (1) - L, ®))]),
(16)

where the positive constant C = max(C,,C,,C;,C,,Cs) is
independent of the state variables. Also we have

G (X)) -G (X,)| < C|X; - Xy, (17)

where C = C; +C, + C5; + C, + C5 + M| < o0. So, it
follows that the function G is uniformly Lipschitz continuous.
From the definition of control variables and nonnegative
initial conditions we can see that a solution of the system
(13) exists; see [23]. Now, we consider the control system (2)
with the initial conditions (3) to show the existence of the
control problem. Note that for bounded Lebesgue measurable
controls and nonnegative initial conditions, nonnegative
bounded solutions to the state system exist [23]. Let us go
back to the optimal control problem (2)-(3). In order to find
an optimal solution, first we will find the Lagrangian L and
Hamiltonian H for the optical control problem (2)-(3). The
Lagrangian for our control problem is given by

L=AS,+A,I,+BS, + B,I,
1 2 2 2 (18)
+ 3 (Wlu1 +Whu, + W3u3).

For the minimum value of Lagrangian, we define the Hamil-
tonian for the control problem:
H = L (Sh’ Ih’ SV’ IV’ ula u2) u3)

ds, .di, . dr, .ds, . di, 1
1t A At A A

dt dt dt dt dt
For the existence of our control problem, we state and prove
the following theorem.

+A +A +A

Theorem 1. There exists an optimal controlu™ = (uy,u;,u;) €
U such that

T (uyuy,u3) = (ul)umz’lu?)w] (1> 3o 13) (20)

subject to the control system (2) with the initial conditions (3).

Proof. To prove the existence of an optimal control, we use
the result in [24]; the control and the state variable are
nonnegative values. In this minimizing of the problem, the
necessary convexity of the objective functional in u,, u,, and
us is satisfied. The set of control variables (u,, u,,u;) € U is
also convex and closed by the definition. The optimal system
is bounded which determines the compactness needed for the
existence of optimal control. The integrand in the objective
functional (11) is A, S(t) + A, I(t) + B, S, + B,1,+ (1/2)(W, uf +
W,u5 + Wyu3) which is convex in the control set U. Also we
can easily see that there exist a constant ¢ > 1 and positive
numbers w; and w, such that

2 2 21972
J (uy, 1y, 113) > w0, (|u1| +|uy|” + [us] ) -w,, (21
which is the existence of an optimal control problem. O

To find the optimal solution, we apply Pontryagin’s
maximum principle [25] given by the following.

If (x,u) is an optimal solution for an optimal control
problem, then there exists a nontrivial vector function A =

(A1, Ay, ..., A,) which satisfies the following inequalities:
d_x _ OH (t,x,u,A)
dt oA
0 0H (t, x, u, /\)) (22)
ou
@ _ OH (t, x,u, A)
dt ox ’

Now we apply the necessary conditions to the Hamiltonian H
in (19).

Theorem 2. Suppose that S, I, R;, S, and I, are the opti-
mal state solutions with associated optimal control variables
(uy, u,,uy) for the optimal control problem (2)-(3). Then there
exist adjoint variables A;, fori = 1,2,...,5, satisfying

% = (A = A3) (B, (1= uy) + BiI, (1 - wy))

+ Ay —uAs - Ay,

dA
d_t2 = (A = A2) BiSy (1= 1) + ppdy + 844, + 14,

+updy = A3y, = Asuy + B3S, (A, — As) — Ay,

di (23)
= (A3 = A1) Ay + pyhs,

dt

dA

d_t4 = (Ay = As) B3Iy + Agy, + Ay us — By,
dA

d_ts = (Al - Az) B.Sh (1 - ”1)

= Asphy + Asy, + A58, + Aseyus — B,
with transversality conditions (or boundary conditions)
L (T)=0, i=1,2...,5 (24)

i



Furthermore, optimal controls u;, u, and uj are given by

A, - A SpIr = AsS)
i = s i [ B RBSE 5] )

Wi
A, —A S+ (A, — A IS
u;:max{min{(z 1) BiS I, + (A, 3)h,1})0},
W,
* { . {()‘4€IS:+A5€21:) } }
U; = max ymin ,1¢0,0¢.
W;

(25)

Proof. To find the adjoint equations and the transversality
conditions, we use the Hamiltonian (19). By setting S, () =
SHO), 1) = 11 (D), Ry(6) = Ri(1), S,(0) = S;(¢), and 1,(¢) =
I*(t) and differentiating the Hamiltonian (19) with respect to
S I, Ry, S, and I, respectively, we get (23). Then solving
the equations 0H /du, = 0, 0H/du, = 0, and 0H/du,; = 0 on
the interior of the control set and then using the optimality
conditions and also the property of control space U, we can
derive (25).

Here we call formulas (25) for the characterization of
the optimal control. The optimal control and the state are
determined by solving the optimality system, which consist of
the state system (1), the adjoint system (23), initial conditions
at (3), boundary conditions (24), and the characterization of
the optimal control (u;,u;,u;) which is given by (25). In
addition, the second derivative of the Lagrangian with respect
to u,, u,, and us, respectively, is positive, which shows the
minimum of the optimal control u7, u;, and u3. Substituting
the values of u;, u,, and u} in the control system (2), we
obtain the following system:

ds;
dt

= b - S, — Bl

A=A BSiI — AsSy
X<1_max{min{( 2= M) BSi 3;1,1})0})
Wi

A=A SL+ (A=) I
—ﬁ15212<1—max{min{(2 VB hmp}+(z 3);1,1},0})
2

+ AR,

dr;
dt

A, —A SHIF —A,S)
:ﬁZSZI;<1—max{min<[( 2 l)ﬁ‘/zvhv 3h,1},0}>
1

— Iy, =8I, + BiS, I,
_ *I* _ I*
x(l ~ max {min{uz A BiSply + (A, = As) I )1})0}>

W,

Ay —A Sily + (A —As3) I
—thff—(max{min{( M)A hMI;Jr( 2= As) h,l},O})I;,
2
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AR
dt
= Yl — Ry — AR,

A, = A ST - A,
+<max{mm{<2 DB ”,1},0})&’;

Wl
A, —A L'+ (A, —Ay) IS
+<max{min{( 2= M) BiSpL, + (A, = A5) h’l}’o}) I,
W,
das;
dt

=b =18, - BS),

A6S) + A6, I
- €S, (max{min{( 4615 7 756 "),1},0}>,
W;

dr:
dt
= ﬂSS;I; + Al/lVI: - Y‘VI: - 61/1;

A€ SE + e, I
-6l (max{min{( 461 "‘; 5% V),l},O})
3
(26)

with Hamiltonian H" at (t,S,,1,,R;,,S,, I, uj,u;y,u;, A,
Ay Ay Ay Asg):

H*= A,S] + A, +B,S’ +B,I

Ay = A1) BoSi I = AsS; ’
+% (M(max{min{( 2 ) BoSiLy 3 h,l},O}) + W,

W

L= A)BSIT + (A, —A3) I >
x(max{min{( 2 l)ﬁl hWh+( 2 3) h,l},O}) +W;
2

* * 2
x(max{min{M,l},O}> )
W;

ds; _dI; _ dR; _dst _ dI’

A YA .
dt dat ar Mg Ty

+A,

+A,

+ A3

(27)
O

3. Numerical Results and Discussion

In this section, we present the numerical simulation for
the proposed model with and without control system. The
proposed model (1) and (2) is solved by the Runge-Kutta
order 4 scheme and then we compare the control system
with and without control. The optimal strategy is obtained
by solving the state system and the adjoint system with the
transversality conditions. In our numerical simulations, we
first start to solve the control system (2) by using the Runge-
Kutta order 4 scheme forward method in time and then
solve the state equations and the adjoint system with the
backward method previous iterations and the value from the
characterization of system (25). The weight constants used in
the objective functional are A; = 0.001, A, = 0.30, B, = 100,
B, = 0.03, W; = 100, W, = 140, and W5 = 120. The values of
the parameters are given in Table 2.
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TABLE 2: Parameter values used in the numerical simulations of the optimal control.

Notation Parameter description Value Reference
b Recruitment rate for human 1.6 [12]

Ay Proportionality constant 0.066 [11]

W, Natural death rate of human 46%x107° [12]

Yy Natural death rate of vector 1.8x107° [12]

Sy Death rate due to disease at human class 1.0x107° [26]

Vi Recovery rate of the infection 27%x1073 [26]

S, Death rate at infected class of vector 1.82x107° [11]

b, Birth rate of vector 19 Assumed
B, Transmission between S, and I, 0.0089 Assumed
Bs Transmission between S, and I, 0.0079 Assumed
B Transmission coefficient between S, and I, 0.00013 Assumed
Y, Natural death rate of vector 0.0027 [12]

140

Susceptible human

20

0 5 10 15 20 25 30 35 40 45 50
Time (day)

Without control
With control

FIGURE 2: The plot shows the population of susceptible human with
and without control.

Figures 2 and 3 represent the susceptible and infected
human population. In these plots the dotted line represents
the control system and the bold line shows the system of
without control. In Figure 2 the dotted line shows the control
in the population of susceptible human and the bold line
shows the population of susceptible human with control.
The dotted line decreases sharply than that of the bold line.
Figure 3 represents the plot for the population of infected
human for both the systems with and without control. The
bold line shows the population of infected human without
control and the dotted line shows the population of infected
human with control. The dotted line decreases sharply as
compared to the bold line; it means that the population of
infected individuals decrease in the control system.

In Figure 4 the plot represents the population of recov-
ered individuals of the two systems. The bold line shows
the population of the system of without control and the
dotted shows the population of the system with control.
The population of recovered individuals decrease sharply as

Infected human

0 5 10 15 20 25 30 35 40 45 50
Time (day)

Without control
With control

FIGURE 3: The plot shows the population of infected human with and
without control.

150

100

Recovered human

50

0 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50
Time (day)
—— Without control
With control

FIGURE 4: The plot shows the population of recovered human with
and without control.
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Susceptible vector
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o © oo o o o o

[So3
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0 5 10 15 20 25 30 35 40 45 50
Time (day)

Without control
With control

F1GURE 5: The plot shows the population of susceptible vector with
and without control.

Infected vector

30 35 40 45 50

0 5 10 15 20 25
Time (day)

Without control
With control

FIGURE 6: The plot shows the population of infected vector with and
without control.

compared to the system of without control. Figures 5 and 6
represent the population of susceptible vector and infected
vector, respectively. Figure 5 represents the population of
the vector and in two systems, with and without control.
The dotted line in Figures 5 and 6 shows the population
of the vector in the control system. The dotted line in the
Figures 5 and 6 shows the population of the vector without
control system. The population of susceptible vector in the
Figure 5 decreases a little bit than that of the dotted line.
The population of infected vector in the Figure 6 decreases
sharply than that of the dotted line.

4. Conclusion

In this paper, we studied the interaction of two nonlinear
systems of which one is human and the other one is vector.
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The theoretical studies for the optimal control problem and
their numerical simulation are presented in the paper. We
used the optimal control strategies to minimize the infected
human, infected vector and to maximize the population of
susceptible human. The model which is developed from the
numerical simulations of the optimality system showed that
the population of infected human, infected vector decreases
and the population of susceptible human increases. We also
showed that with certain values of control rates there exist
their corresponding optimal solutions.
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