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Abstract— In this paper, we proposed and analyzed the effects of vaccination strategy on the transmission of the Dengue
diseases. We propose SIR model with logistic recruitment rate, and analyzed the Steady state and stability of the equilibrium points. If

Ro* <1 then the non- infected steady state Pl* will be stable. Also if Ro* >1 then the endemic equilibrium Pz* is stable.

Numerical simulations show that the effect of newborn vaccination is significantly less effective than vaccinating susceptible
population. Also the effect of vaccination is to replace multiple outbreaks with a single outbreak.
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1. Introduction

Dengue is the most important human viral disease transmitted by arthropod vectors. Annually there are an estimated 50—100 million
cases of dengue fever (DF), and 250 000 to 500 000 cases of dengue haemorrhagic fever (DHF) in the world. Dengue infection is
classified into three categories: Dengue fever (DF), Dengue hemorrhagic fever (DHF) and Dengue shock syndrome (DSS). DF, DHF
and DSS are caused by the four dengue viruses DEN 1, 2, 3, and 4. Infection in humans with one serotype provides life-long immunity
to that virus but not to the others. Dengue viruses are maintained in an urban transmission cycle in tropical and subtropical areas by
the mosquito Aedes aegypti, a species closely associated with human habitation. In some regions other Aedes species, such as Ae
albopictus and Ae polynesiensis are also involved.

There are some epidemiological and demographical factors that contribute to the transmission of the disease. From a practical point of
view, many countries organized vaccination programs to control the spread of the disease. The effects of vaccination on the
transmission of infectious diseases are studied by some researchers [2, 3, 4]. These researchers studied the direct transmitted disease.
In our second model we studied the effect of vaccination on an indirect transmitted disease. Recently many researchers [4, 5, 6, 7]
studied the vaccination strategy for all type of dengue viruses but it is not perfect. The mathematical models for Dengue Fever found
in literature [2, 7, 8] are based on compartmental dynamics. We have also used the compartmental dynamics.

2. Formulation of the model

In this paper we consider the effects of vaccination strategy on the transmission of the Dengue diseases. The model assumes that
the host population grows logistically, and has a constant disease death rate. We also assume that the vector population has constant
size with birth and death rate equal to £4,. The host population is subdivided into the susceptible SH , infective I, , and
recovered RH classes. The Vector population, due to a short life period, is subdivided into the susceptible Sv , infective |V .
The transmission model for the dengue disease is as follows:

ds N I
o= Ny (1_K_HJ_AHSH N_V_Il’lHSH
H

dt ¥
dI_H—,q,HS I_V_(y+lu +ay)l (21)
dt H N, H T X))y :
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dR, _
dt

7y — Ry

For Vector population:

ds, |
2V V= _H
praial ASy N, Hy Sy
dl, 1,

el VA —H .
ot Sy N, by (2.2)

The initial conditions

N, =S, +I,+R, and S, +1, =N,

dN N
dtH =u, N, (1_K_:J_ﬂHNH —ay 1, (2.3)

I
It is convenient to reformulate the model (6.2.4) in terms of population proportion X = —H y= —H andz =—X, which are the
Ny Ny v
fractions of the susceptible, invectives and removals, respectively.

Hence the system can be written as

%:ﬂH [1_£}_1sz_ﬂHx

dt K,

d

d_)t/:/l“XZ_My (2.4)
dz

—=A0-2)y—u,z

m A A=2)y -1

where M=y + 1, + o,

We consider two types of vaccination, one that is being administered to a portion of new born host and another one is being
administered to a portion of susceptible host. The main question here is whether it is enough to vaccine only new born host in
order to control the spread of the disease or it is necessary to vaccinate the larger susceptible host [4].

Let a portionp,OSpSl, of newborn host be vaccinated. Assume that the vaccine is not perfect and assume that the
. o N, . . N, ).
effectiveness of the vaccine is S, and then (1— ps) 1, 1—K— newborns remain susceptible, and oSy, 1—K— directly

H H

being removed to RH - The corresponding dynamic equation for x is given by
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X (1—ps>[1—%j—ﬂﬁxz—mx @9)

H

and the other two equations in (2.4) remain the same. On the other hand, let a portiono ,0< 0o <1 of susceptible host be
vaccinated. Then the dynamical equation of x and y is as follows:

dx N
kg 1-—H |- A xz(1—0S) — 1, X
at Hy ( K., ] Ay X2(1—08) — 4,

dy _

o = A, X2(l-os)-My (2.6)

These two cases (2.5) and (2.6) are written on one system as follows:

dx N

a:/’tH(1_ps)(1_K_:j_ﬂ'H(1_O_S)XZ_ILIHX

dy

i A Xz2(1-os)—My 2.7)
dz

—=A0-2)y—p2

ik N R

In succession by putting o = 0 or P = 0, these two equations (2.6) and (2.7) can be generated. Rescale t by ﬂv the system of
equations (2.7) simplified to

%:b(l—r)é’—axz—bx

dt

%zaxz—ﬂy (2.8)
dz

—=(1-2)y-¢6

= (-2)y-o1

where 5=%, az@, ﬁz% 9:[1_%} r=ps, b:';lv_"'

3. Steady state and Stability Analysis

H

Equilibrium points are obtained by setting time derivatives of x, y and z equal to zero then the system(2.8) has two possible
equilibria, i.e., the non-endemic equilibrium Pl*((l— r)o,0, 0) and the endemic equilibrium P,"(X™,y",2"7), where
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Ny,
DO+ _ ﬂHﬂv(l—/OS)[l—KHj+ M 14,

a+h 2Lty + 2y (1= 09)]

N, 3
- blaf@-1)-p5] " P“Ml_as)(l_ps)[l_lﬁj Mﬂv}

Bla+D) M2, [ty + 2 (L= 09)]

N, )
H_b[aa(l—r)—ﬂa]_ﬂH {%%(1—08)(1—/33)[1—&4] Mﬂv_

~a[bO(L-r)+BS]

A, (1-09) {ﬂHﬂv (d-ps) Kl—E“} M 1,

H
It is clear that the non-endemic equilibrium point Pl* ((1— ro,0, 0) will be stable if R," < 1.

At the endemic equilibrium point P, (X™,y ™, Z") the variation matrix becomes

—az” -Db 0 —ax”

Z,=| ai -p ax
0 1-z27) -y -o

ok

its characteristics equation
A+A2+BA+C=0

bo(—r)(a+b) _ efbdd=1)+5p]
[bOQ-1)+55]  Bla+b)

where A=+

g _bBoU-N)(a+b) abd(l-r) blag(-r)-dp]
~ [bO@A-r1)+ B5] B (a+D)

C =b[af(1-r)-5p]
It is clear that all the coefficient of the characteristics polynomial are positive. Direct calculation shows that A> 0, C>0and AB>C

ﬂHﬂv(l—as)(l—ps)(l—EHj

H

by Routh-Hurwitz criteria. Hence the endemic equilibrium will be stable if R,” >1 where Rg =

M 4,
4, Results and Discussions.

The system of equation (2.8) was solved numerically using mathematical software. The values of the parameters are taken from [10].
After simulation, we observed that the dynamic of infected human and infected vector are not affected by newborn vaccination. In
Figure 1, (2) and (b) show the proportion of the infective human population without vaccination. We see that first outbreak occurs at
approximately t=6. Second outbreak begin from approximately t=2400. If the newborn vaccination is applied, Figure 1(c) shows that
still one outbreak occurs followed by exponential decay. However, if the susceptible vaccination is applied, Figure 1(d) shows that
there is almost no outbreak and the numbers of subsequent cases exponentially decay.
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Fig. 2 presents the dynamics of Sy, Iy and Iy in 100 days after one infected entered the population. We found that Sy drops
significantly in a relatively small period of time. Infected human I, and infected vector Iy increases significantly during the period of
12 days and then oscillate around the endemic equilibrium state.
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Fig. 1: Dynamics of I population without vaccination and the I population

with newborn vaccination and susceptible vaccination.
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Fig. 2: Dynamics of Sy, Iy and Iy in 100 days with the initial condition (0.73, 0.035, 0.025) for

1, =0.25, 41, =1/(60x365), ¥ =0.1428, A,=0.75, A, =1, a,, =0, K,, =4x10°,

Nx=10000, N,, = 6400 . With these parameters, Ro=11.51>1.

Fig. 3 shows simulations with different proportions of the susceptible vaccination in endemic equilibrium state for o =0, 0.25, 0.50,

0.75, 1. We observed that vaccination decreases the number of infectives. That is, the dose of susceptible vaccination is increases then

the number of infectives with respect to time is exponential decreases.

5. Conclusion.
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Fig. 3: Dynamics of infected Human with different proportions of the susceptible

Vaccination in endemic equilibrium state for =0, 0.25, 0.50, 0.75, 1.

In this paper we consider two types of vaccination, one that is being administered to a portion of new born host and another one is
being administered to a portion of susceptible host. If RO* <1 then the non- infected steady state Pl* will be stable and if RO* >1
then the endemic equilibrium P;_,* is stable. Numerical simulations show that the effect of newborn vaccination is significantly less
effective than vaccinating susceptible population. Also the effect of vaccination is to replace multiple outbreaks with a single
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outbreak. However, if we apply the susceptible vaccination there is almost no outbreak occurs and the cases exponentially decay
approaching the disease-free equilibrium (Figure 1(d)).
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