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ARTICLE INFO ABSTRACT

Article history: The objectives of this study were to propose thathematical model on the
Received 3 March 2016 transmission of Dengue fever and to analyze thénemaatical model of Dengue fever
Accepted 2 May 2016 transmission. The human population is divided Bi&ubclass , that is , the susceptible
published 26 May 2016 human, infected human and recovered human and tsguito population which

divided into 2 subclass, that is, the susceptib&squito and infected mosquito. We
Keywords: investigate the effect of parametﬂr\/h (the transmission rate from mosquito — to -
Mathematic model , Dengue fever,
Basic reproductive number
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human ) and/)’hv (the transmission rate from human — to — mosquéte)l the

calculation of the level of infection (Basic Repuative Number :F\’0 ) and to study

disease — free equilibrium and disease endemiclileguin states. After that, to
determine the solutions by using the numerical &tan at each equilibrium points

which affected to the local asymptotically stai#ht to determine of parametg&vh
(the transmission rate from mosquito — to —humamd ﬁvh (the transmission rate
from mosquito — to — human), by using,, = 0.05 andf,,, = 0.05 which showed

Ro = 0.965215< 1. The results showed that the all subclass of humwanre

uninfected, it also showed that there were no thesmission of the disease. In
addition, as regards to the numerical simulatiod #re parameter at disease — free
equilibrium which affected to the local asymptoligastabilities, the results of the

parameter showedf, and B, , by using 8, = 09and B, = 09the results

showed Ro =1.47083> 1that mean there are the transmission of the diseas

INTRODUCTION

Dengue is a mosquito-borne viral disease thatrépglly spread in all regions of WHO in recent year
Dengue virus is transmitted by female mosquitoeminaf the specie®\edes aegypti and, to a lesser extent,
Ae. albopictus. This mosquito also transmits chikungunya, yellaver and Zika infection. Dengue is
widespread throughout the tropics, with local uéwizs in risk influenced by rainfall, temperatureda
unplanned rapid urbanization.

Severe dengue (also known as Dengue HaemorrhayierfFwas first recognized in the 1950s during
dengue epidemics in the Philippines and Thailamdiay, severe dengue affects most Asian and Latiarfsan
countries and has become a leading cause of hiisgiitan and death among children in these regidghere

Open Access Journal

Published BY AENSI Publication

© 2016 AENSI Publisher All rights reserved

This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0

ToCiteThis Article: Kingdao Changklang, Surapol Naowarat and Prasih@ja@m., Mathematical Model on the TransmissioDefigue
Fever.Aust. J. Basic & Appl. Sci., 10(11): 104-111, 2016




105 Kingdao Changklanget al, 2016
Australian Journal of Basic and Applied Sciences,d(11) Special 2016, Pages: 104-111

are 4 distinct, but closely related, serotypedefiirus that cause dengue (DEN-1, DEN-2, DEN-3@RHI-4).
Recovery from infection by one provides lifelongnmanity against that particular serotype. Howeveoss-
immunity to the other serotypes after recovery nty gartial and temporary. Subsequent infectionsother
serotypes increase the risk of developing severguke The incidence of dengue has grown dramaticall
around the world in recent decades. The actual ewntf dengue cases are underreported and many agse
misclassified. One recent estimate indicates 39omidengue infections per year (95% credible rvad 284—
528 million), of which 96 million (67—136 millionpanifest clinically (with any severity of diseadefnother
study, of the prevalence of dengue, estimates3tabillion people, in 128 countries, are at rigkirdection
with dengue viruses.(WHO, 2016). Thedes aegypti mosquito is the primary vector of dengue. The wiisl
transmitted to humans through the bites of infeéedale mosquitoes. After virus incubation for 4-eys, an
infected mosquito is capable of transmitting theuwifor the rest of its life. Infected symptomatc
asymptomatic humans are the main carriers and phials of the virus, serving as a source of theissifor
uninfected mosquitoes. Patients who are alreaggiaél with the dengue virus can transmit the irdedffor 4—

5 days; maximum 12) videdes mosquitoes after their first symptoms appear. (DT5). In this paper, we
proposed a mathematical model to describe therias®n of Dengue fever.

2. Model Formulation:

In our model, we assume that the human is condtéatformulate the model of Dengue fever transmissi
by using basic ideas taken from epidemiology tBambsquito-borne is high which effect to Dengueefev
epidemic. The model is obtained by assuming:

The total human populatioN is divided into four compartments: Susceptible hondenote byg, (the
members of the human population who may becometiedg. Infected mosquitoes denoted bfythe infected )
and Recover human denoted By (the numbers of recovered individuals). The dymanif the disease is
depicted in the flow chart shown Ig. 1.
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Fig. 1: Flow chart of the dynamics of dengue fever .

The dynamics of dengue is described by the folhgvardinary differential equations:

ST S A, @
B4R @
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with N= S, +R, +1,
where
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S, is the susceptible humans,

I is the infective humans ,

R, is the recovered humans ,

A, is the birth rate of humans,

U, is the natural death rate of humans,
Vi is the recovery rate of disease,

:Bhv is the infection rate from humans to mosquitoes ,
N, is the total human population ,

S is the susceptible mosquitoes,

I is the infected mosquitoes,

U, is the natural death rate of mosquitoes,

B is the infection rate from
mosquitoes to humans,
N is the total number mosquitoes.

3. Analysis of the Model:
Equilibrium Points:

The system has two equilibrium points; a disease €quilibrium point and an endemic equilibriuninpo
We obtained these by setting the right hand siflegjaations. (1) - (5) to zero. Doing this, we afxtal

Disease Free Equilibrium Point: ( Eg):
In the absence of the diseaise., |,, =0 , |, = Oequation (1), (2) becomes

s, _, _ B _

ot =N, 1+|V|V31 M,S, and
dR,

“at = Valn R,

The solution to)this equation is )
At [\B aelle T B AL ] Al

T 7 1
I-th"'u.-+(B1:|.'l"'1:!'|'h +l"'1'l'l‘r_ +B \tﬁ ]'_1"':*“'1.' +l"'1~_B1'_1.A|:)

|
dR, = Yn'h  The disease free state is
M

E, = (1 0,0)

Endemic Equilibrium Point: ( E;):
In the case where the disease is presented, firygset

I, #0,1, #0. This gives
- - A]-_!"‘:\:'+ [:Bt\'!"‘\'—'—l‘l\:."—'—ﬁhﬁv:] A]‘. [1‘_
g By i, BB A, B AT,

‘= B s AdBu Attty (s Fs)
1 1
Bttty Tropty B B A B A, Fy5)

= Bh']:]'_AT
l"';' +(B]:\'+l'|'\')l'l'\'[]:
Thus

E (S 10 1))

=()
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Basic Reproductive Number:
The basic reproductive number is obtained by tlet generation matrix. In the notation of Van den
Driessche and Watmough (2002), we start with

dx
— =F(x)-V(x) 6)
dt
where F(x) is the matrix of new infectious andf(x)is the matrix of the transfers between the
compartments in the infective equations. We obthine

0
F(X) - ﬁvhlen
1+1,
0
and
_ Bl -
—]\_/h_'_ |fh + 1S, — 4N,
V(X) = (L + Y1,
_IBhvlh(/\v _/'Ivlv) +,U\,|V
(1+ Ih)ﬁlv
whereF = M andV = M
6X,- OXI'
forall i, j =1,2,3. This are the Jacobian matrix 8{x) andV(x) at Eqg. The basic reproductive number,

Ry, is the threshold for indicating the degree otlepiiology of the disease. It can be determineddting that

Ry =p(FV ")
For our model, the Jacobian matrices are
0 0 O
F=/0 0 B, |and
0 0 O
M 0 B
V=0 u+y, O
O _ﬂhv Iuv

The inverse of i/

i _ﬁhvﬁvh _ﬁvh |
Ly o ()
vi=| o0 1 0
Myt W
IBhv i
L+ V) M,
This leads to
0 0 0
vizlo Lol Pa

U+ K,
0 0 0
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Thus,

- IBVhIBhV 7
S+ 1) )

Local Asymptotically Stability:
The local stability of an equilibrium point is éetined from the Jacobian matrix of the ordinary

differential equation (1) ,(2) and (5) evaluatedtgqf . The Jacobian matrix df) is

-H, 0 B
‘]0 = 0 N ﬁvh
0 ﬁhv _:uv

The eigenvalues of the/gare obtained by solvingdet(jg—41)=0 . From this, we obtain the
characteristic equation,

A+ 1) [('Hh JYh-x)(-”v-)\‘)-ﬁhvﬁvh] % + AT+ + i+ 1A+ (g + 7)1, — BroBo] = 0

(3 + )2 +BL+C] =0
where

B=u, +u,+y,

C =+ )M = BB

From the characteristic equation, we see thateigenvalues arel;, = —,uh <0 . The other two are the

solutions of the characteristic equation The radtthis equation will be negative if two coefficisnsatisfied
with the Routh-Hurwitz criteria (Allen,2006).

1)B>0

2)C>0

Disease Endemic Equilibrium Point:
To determine the stability of the endemic equilibr point. We examine the eigenvalues of Jacobian
matrix atE; , which is

o ﬂﬁf .: _ O _ ,81;.3:
1+ ™ 1+
1.,.1: 1'>:S::
J’l = ﬁ-l - _J""‘E?:_;"?: L;J
1+ (A+1)
xg.h- (An _Jurjr:) o ,‘SHI: —u
i A+L)Yw 1+

Where are given by equations (6) . The charatieesguation of Jacobian matrix at E1 given by eiqua
(1) ,(2) and (5) becomes,

A2 +PA*+QA+R=0

where
B, B,
u=- M, V= o W=—t, — W,
1+|; My 1+1° My~ W
X:ﬁhv(/\v_luvl\j) - lehSr:
@+1.Y 4, @+1,)
z:——’ghVIE— s
1+1;
P=-u-w-z

Q =uz+wz+uw-xy
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R = vxy + uxy —uwz
The three eigenvalues of® + PA? + QA + R = 0 will have negative real part if they satisfy theu& -
Hurwitz criteria (Allen,2006), that i®Q > R.

4 Numerical Results:
The value of parameters used in the numericallation are given in Table 1.

Table 1: Parameter values used in numerical simulationssatde free state.

Parameter Values Unit
N, 0.000046 day
M, 0.000046 day
I 0.328833 day
B -
N, 1,000 -
N, 0.0323 day*
H, 0.0323 day*
B 0.05 -
N, 50,000 -

Stability of the disease free state: Using thei@slof parameters listed in Table 1. We find tlyemvalues
and basic reproductive number to be:

A =-0.000046 A, =-0.027011 J, = - 0.000350228, and R, =0.96521%< 0

Since all of the eigenvalues are negative andbaséc reproductive number is less than one, théiledum
state will be the disease free stBfeas seen ifrig. 2

£

Fig. 2: The time series of (a) the susceptible human} théhinfected humans and (c) infected mosquitéss.
shown, all the state variables approach to theadéséree state as seen, all the state variablesagbp

their disease free state valukg = (1, 0,0) .
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Fig. 3: The time series of (a) the susceptible humangh@)nfected humans and (c) infected mosquitoes Tw
the value of th and ﬂhv has been changed tﬁvh =09and Bhv =09 . All the state variables

approach to endemic state.

Stability of the endemic state: Using the valubparameter listed in Table 1. except the valueﬂ‘c/)}fl and
ﬂhv . We set to be equal 0.9. This values represdhtedalue of infection from human to mosquitoes el

value of infection from mosquitoes to humans.
E, = (0.8633790.006008190.080878})
The eigenvalues and basic reproductive numbembegyeater than one and the outcome is quite difter

A, =-0.027046:, A, =-0.0000265039 0.00008134-
A, =-0.0000265039 0.00008134:and R, =1.4708%>1

Since all of the eigenvalues are to be negativktha basic reproductive number is greater than thee
equilibrium state will be the endemic stafe,as demonstrated Fig. 3.

Discussion and Conclusion:

In this study, we proposed and analyzed the treassom model of Dengue fever with effect of theeirtfon
rate between human and mosquitoes. Model analygisuding standard modeling method. The basic
reproductive number is obtained through the usspefctral radius of the next generation matrix. basic

BB

reproductive number iR, SRR 1 Ay S Fig. 3 , we see that if the infection ratthbhuman-to—

CHCHRAA)
mosquito and mosquito- to- human increase, the eurobinfected human increase. So that the disedse
occur. But when the infection rate both human-tosguito and mosquito- to- human decrease, the nuofber
infected human decrease . In this case the diseiigbed out.
It can summarize as follows:
1) The spreading of dengue fever has two stateddidease-free state and the endemic state. Tipethiag of a

state depends ofi,, and g, . If g, =0.05andg,, = 0.05 providedR, <1 , then the disease-free state will

occur, but if g, = 0.9 andg,,, = 0.9 providedR, >1 then the endemic state will occur.

2) The stability of the model is determined. Rotilwwitz criteria is used to prove that each eqiilitn point
is locally asymptotically stable. In addition, fany initial population, over a long time, the padidn will
converge to the equilibrium points as shown in Zg,
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3) The higher of the infection from mosquitoes torfans and the infection from people to mosquitggg X

and (8,,) increase the infected individuals as shown in Figlt concluded that if the infected mosquitogs i
high, the number of dengue infection will be inGea
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