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ABSTRACT

An ordinary differential equation with stochastiarameters, called SPR_SODE model for the spreaktmjue

fever was considered to analyze further. It wasneeff the set of stochastic equations and a reptivéunumberR; .

This R)was defined for mosquito as well as human parameterthis paper, the asymptotic stability of thisedse-free

equilibrium point of the above said model was disad.
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INTRODUCTION

Dengue is one of the diseases which is in worldwidé comes under infectious diseases. The workcafréer
(i.e) the medium for transmitting is performed hg tmosquito, “Aedes Ageypti [4, Gantmacher.F.R77]9There are so
many models for such infectious diseases. We nesgharate model for such a special disease likgugefever for better
results. In this work, the SPR_SODE model [2,3, &ingjan.S, et.al, 2013] (SPR_Stochastic Ordinaffergintial model)
is considered to analyze further. Asymptoticallgbé¢ equilibrium points or equilibrium solutionsnche defined as the

equilibrium solutions in which solutions that starear” them move toward the equilibrium solutidn Boyd et.al, 1999].
SPR_SODE MODEL

All the notions of SPR_SODE model [2,3, Dhevardaret.al, 2013] are taken for further analysis withany
change and the same model is given below.

S158.)=0,+8,[TP], [+ Ly[[Re], |-y 0[ss], -, [TP), |[ss],

G[ExJ=n,0[ss) -&[Ex], -0, [TP] [ Ex],
IR =6 B ~{Re][IF], /[P, [Re]
g[RevJ=a1F], -, [RS] -0, ([TP], [1F | -7[IF],
G S| =BIR[TP ~1o(0[SS], -Qn([TP] |[sS],

G X =70 S8, ~&n[EX], - [TP], [ EX],

GIFn]= &l EX] ~a([TP] J[IF], ®
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By converting (A) to fractional quantities and déng each scaled population by small letters, areget,

drot = APyl o i 0 |
m[a}h_%ﬁp}m e TP e 1, 114 {cﬁﬁ{ B3+ o T 8
. 0 . .
=600l ot T ]
h
. 0 .
d1rc],=4,[it], - Lh+[BIR]hﬁ [re], +n,[it ] [TP],
h
&[TP], =0, +4,[TP], -([DID], 4 DDD, [TP] |[TP] - ifl [ TR ,
Alex), = B[R] [P fif],+Pofrd, | [LTed,{if] ,|-[4,4 BIR uf &k

%[TP}m +@ [Tp}h
&fif] =[x, ~[BIRI[if ]
&[TP], =BIRW[TP| ~{[DIDIn DD o[ TP |[TP],

Now, RO can be defined aE{) = /Dhm.Dmh ,

wherel] hm and Dmh can be written in mathematical notation as,

én ABPrn [TP];

771
£ +[DID],,+{ DD, [TP]. @ [TPL. +@[TP]. ™ [[DID},, +{ DO, [P |

|:lhmz

- {h * %@npmh[-rp]*m
&, +[DID], +[DDDL [ TP], @ [TP], +@&.[TP],

.{Pm +P 8, (qh +[DID],, +[DDD] m[TP];)_l}

mh

(8,+7, +[DID], +{DDD} h[TP];)_l

ASYMPTOTIC STABILITY

The Jacobian of the dengue model (B) evaluate)in%is is of the form

J, 0 0 0 0 J, O
Jy, J,, 0 0 0 0 O
0 J, J, 0 0 0 0O
J={0 J, 0 J, 0 0 O
0 J, 0 J, Jo O O
0 0 0 0 J, J, O
0 0 0 0 0 J,

(B)
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Now our interest to find out the eigen values of. (let the eigen values b?q: i=1, 2, 3,..,7. The fourth and
seventh columns of the jacobian given by (1) cgwesing to the total human and mosquito populationstain only the
diagonal terms. The diagonal terms of the Jacodipprovide two of the eigen values sad_/l, and /12 and can be defined

by,

4 =[BIR], -[DID], -2[DDD] [ TH =—\/[[ BIR , {DID h]z +4{ DDO [, )

4, =[BIR,~[DID],, ~2[DDD] [ TA" =-[ BIR ,{ DI, | 3)

Let us conclude from the earlier assumption thagthb /]l and Azare always negative since

[BIR],, >[DID],,. Let us create another matrix by excluding thetfoand seventh rows and columns of the Jacobian

(). By solving the characteristic equation of thatrix formed now, gives the other five eigen valudow by defining

0] a B _ 0
TP“]; U, —6h+nh+[BlR]h+?}, U, = Lh+/7h+[BIR]h+[TPh]; |

U4:5m+[BI ]m’ USZ[BI ]m’ Us :[MB];' P Uz =40, UBZ[MB];' Fam: U =& Ui =6,

U,'s asU1=fh+[B|R]h+[

h

U, =[MB]* . By » Where, W 'scan be written as,
We=1 W, =U +U, +U; + U, + Ug W, =U, + U, + U+ U, + Uy

W,=UU, +UU; + U U, +UUg +U,U; +U,U, +U,Ug + U U, +UUg + U, Ug,

W,=uUu,u,+uuu,+uuu;+uvuuy,+uuy,+uulU,+ud zU4YUy ,
+U,U,u, +U,u,U,,

w=uuuu,+Uuul,+Uuup+uUuUuU,+U,UUU-UUUU,

Wo=UU,UU U, -UUUUU,-UU U Y with

WA + WA + WA+ WAZ+ WA+ A =0 (4)

Now, we have to find out the signs of the solutiofig4). The Liénard — Chipart criterion [6] giveay of the

following four conditions is necessary and suffitie in order that all roots of a polynomial

ax' +a, X+ + a X + a =with real coefficients have negative real parts:
a,>0, g, >0,..4, >0, >0;a,>0, 3, >0,..4, >0, >0,

a >0, g,>0,, >0,..A, >08, >0; a,>0, 9,>0,9, >0,..A, >0, >0. where
A, be the principal minors with order i, with i = 1, 2...,n. For the use the Routh—Hurwitz criterioitsfit is to prove

that whenR < 1, all roots of (4) have negative real part. Ruuth—Hurwitz criterion [5, section 1.6-6(b)] ststthat for

a real algebraic equation

a,x +g,X" +.+ax+a = (5)
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Given @ > 0, all roots have negative real part if and oniy a =V, a_ =V,

. a a, & O A1
V,= a:'l . , V;=la,; a,., a.4,.N,F .. .. | areallpositive, withg, = Cfori < 0. This is true if
o Qs B B 0

and only if all aand either all even-numberedq bt all odd-numbered Mare positive (6, Li"'enard—Chipart test). By Korn

and Korn [5] in section 1.6-6(c) state Descartesgle of sign as the number of positive real rodtsaaeal algebraic
equation (5) is equal to the number, Nf sign changes in the sequené,,q,, ,... , @ , g of coefficients, where the

departure terms are ignored, or it is less thahy\a positive even integer.

Now, it is to show that wherRO < 1, all the coefficients, Wof the characteristic equation (4), angl V,, and
V4, are positive, hence by the Routh—Hurwitz criterime can say that, all the eigen values of (1 hegative real part.
Now, it is to show that wherR, > 1, there is one and only one sign change irsémpiencé\, W,...W,, hence, by
Descartes’s rule of sign along with positive reaitpthere is only one eigen value, and also theadie free equilibrium

point is unstable. The expression Rﬁ in (C) can be written, in terms of Ui, as

R? = U,UU.Uuu U Uy,

b (6)
U,u,uUuU,
For R) <1,by(6),U,UUUU+UUUL P <cUDDUY (7
U6U7U8U9<U1U 2U 4UE (8)

As all the B ‘s are positive, W;,W, ,\W,and W, are always positive. From (8) we see that 30, and
from (7) we see thalW, >0. Thus, for R, < 1, all Wi are positive. We now show that the evembered Y are
positive for R) < 1. For the fifth-degree polynomial (4)/, = W, which is always positiveV, = W,W, -W,W.,
which we can show to be a positve sum of producd U,'S, so V, > 0. Lastly,
V, = WIWWW, - (WW5+ W5 W] - W W (W W ,-WW ) -2WW W W W°)]. For convenience let us use the
notationsT,and T, such thatT, = MWW, - (WM. + W, W,)] and T, = [W,(WW, - WOW) - (RQUWW,W - WOV\? )
respectively. Wherel, > 0 and T, > 0. HenceV, = W,T, - W,T,. Let us defineT\! =T, + U,U,U U, U,..
As TV >T,and W,>0 for V£11= W, - WOTEl] ,V4>V[41] . Similarly, let us  define
VV0[1]= W, - y,u .U, u,u, -u Uu.u U, U,. AsW4>W£l] and T >0, for VEZ] =WT, - VVEJ” T[zl] :
VF] > VEZ] at last, let us definé/\/1[1]= W,- U, U, U U + U U U, Aswiti<w(for R <1) and T, >0 For
VF’] = Wil] T, - V\/O” T[21] , V‘EZ] > V£3]. It can be shown that V£3] Is a sum of positive terms, so
V£3] >0 V‘El] > VEZ] > V[f], V,>0. Thus, for R, < 1, all roots of (4) have negative real parts.ewtR, > 1,

u,uuuu,+ru U U U <UUUUUY and so WO <0. ASW,, W,, W, and W, are positive, the
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sequence W, W,, W,, W,, W, has exactly one sign change. Thus, by Descantefgsof sign, (4) has one positive

real root whenR, > 1.

CONCLUSIONS

A stochastic ordinary differential equation call8BR_SODE model for the spread of dengue feveratyzed.

For our model, the disease-free equilibrium pomhodis' is locally asymptotically stable ifR, < 1 and unstable
if R, >1.If R, <1, on average each infected individual infeetssIthan one other individual, and the diseaseaties
If R,> 1, on average each infected individual, infectwernthan one other individual, so one can expeztdisease to

spread. The Jacobian of (B) xhodis has one eigen value equal to ORjt = 1.
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