Available voline i “w.lmﬁghjnl.infu
Bengludesh J. Sci, Ind, Res. 4T(1),19-120, 2012,

BANGLADESH JOURNAL
OT SCTENTTFIC ANTY
INDMISTRIAL RESEARCI

Eenionil: i1 il soca
Affect on Several Control Strategies of A Model for Malaria in an
Endemic Region Like Bangladesh
M. M. lslam, M. R. Islam® and M. M. Rahman
Muihemutics Discipling, Khulna University, Khalna-9208, Bangladesh,

Abstract

Malaria is infecticns disease caed by single-oclicd Masmslion parasiies, mcloding P folcipamom, P vivax, P maliriase, and 1 ovale.
The parasites sre osually ronsmilled rom infeted o non inlzoel peopks via U b of fonale Anopheles mosquitoss abod S species of
Armgplecles can serve 85 vootors, We hove seen that malorin is endemic in deveboping countrics like Baogladesh wheee inadeguate drainage
provides water lopping which are the suitnble breeding sectors of the dissnss vedor In Uus paper a sogle 515 moodel i3 foroulated
hetween hune and oeosquito pogulation which are constant. Also uy to formalats 0 madel for Maloria fom Ghosh, ML Poglieas, A
(23} in vicw of Banzkadesh where adding # new control stratezy with others strategizs and including 2 dalay sbue o the tnoubation period.
Here discusyed ssvoral controls of sratepies on the wansmdesion of nalaia The control shrotegies incomporatel here were: (i) biological
copnimsl ol mesguitee larvas, (i) clomecal control of malasda seewrs-adull ossgaito, (100} wse of bed net and (v) nee of slscmic msmments,
Thizs mulel i= tried o @nalyze by diffioreotal cqueatons, nclede prod of 2 dsecn and compober imintion. Varioss contml srategiss
present alivsimilar sutpuls meverthchzs b gel a seecesshul malaris condrol glan, alss reeomuended 0 emck down on combinations of oll
conirol stribaries,

Eey words: Mathemadicnl modsling, Endemic region and 515 ModsL

Iuteoduciion

Malaria 5 an acufe flu-like illness caused by onc of four
specics of purusite of e geows Plasmodivm Mhscussed
ahowe). The malaria disease is most commonly runsmmitted
trv hormans through a bite of an mfectsd femule Anophcles
mskquitd,  Malaria i3 most common in tropical  and
sublropical Luwls, padicolady (Moge than 30 cases) in
Africa and soauth Asia: Bunpladesh, India, S0 Lonky snd cio.
Also malaria is a curable dizscase iF promptly and adequately
treated. When an Anopheles mosguilo mpests bloosd [om o
nualariz-infoctcd porson, malars parasitez develop in the
nEssgquite and migrate into the nosquitn’s zalivary glamds,
While rure, the malaria parasite can also be transmilled by
transfusion with infected blood, by shared needle wse, or
[rom & modher o her unbom child. By Malaria about
S-S0 mallven peoples are affected in the world s kill
more than 1.5 millivn People annwally. For detwls we can
he scen WHO (world mualans report 2005). There arc
varioms control methods to maintain the spread of malariz
implemenled eackier in different parts of the world, Though
every control sirategy is not valid for every rogion, there anc
severel other Gclors which inflleence dissase ansmsszion

amd also the control mcasuncs. Porodetails one can soc
Walker (19925, Mow lew conlrol messures are discossed:

(i) Bisdorival contool of mosyuily lryae

The Loval is the first stage of mozquitncs which can b
controlled by biologislly, The principal biclogical conngl
agents that have been successlully employed  aguiost
Aowopheles are predators, particalady fish oand the some
bacterial paulbwgen el stlack he Tarval stage of the
mirsquito. For detzil we cun be seon Das, PLK., Amalraj,
LrIn, (1997,

{if) Chemical control of malaria vectors adokt mosguito

Chemicul comteol of adult Temale mosgoibo bas been (s
most floarishing vector controd methods since T30, The
mExsl comment practice i3 indoor residueal hoise spraying of
insecticides. DDT 15 the sl widely wsesd iscenende Tor
veotor control. Lor a long tme tee people in endeode region
wse mosguitn cnil as in house control strategics.

{ifi} Use of bed net

Mosgualoss wiich arg start hiting scrionsly aftef snnses

Actually they bite in any dirk place. o Almes, the malana
*Cprresponding methos, E-mail: | omeiskm_S6048 yalhoo.coms;
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purasite acccunts for et lewst 25% of all childbood modtality
helow age [ve, Bangladesh is voe of the msky plices [or
heending mosguitoes hecause of our eavimament. By wsing
bed net people can save them from malaca, Bed net is also
iddenl becanse it protect environment from wuny pollution.

{iv} Use of electric instrumients

At the present fime we huve used different gypes of elecios
instrument which ¢an control wdull mesquitoes such as
Clectic net, Megu-caich, Mat which are used only at night.
It is possible to dic mare then 1200 mosquito ot o Ume by
psing Mega-calch, Now a day this conlrol strategy is very
elleciive all over the world, 5o by using this nedhod we can
comtrol mosguitnes hroeding.

In Alrica, southem part of Asia like India, Bangladesh, Sri-
Lunki and etc persons who have heen repeatedly infecked by
malaria u degree of Jimmumily which suppresscs most
clinical sgmqatnms The people camy pumelocyiés in theit™
blood thal infect the mosguiloes biting them and form o
separatc class of reservoir populattun which helps in
spreading malaria withoul getting affected themselves, For
detmil we can he scen Despommier, DD, Gwads, KW,
Hotoz, P {1994) & Wehindu, TJZ, (19938). In this paper
iwo models are constiucted incleding this class of aman
populution, Although there bave been severul sxperimental
stndics related o surveys of malerie in different regions.
Dus, 5.0, Bhayan, M., Barual, T.., Talukder, PE. (1991) &
Sharma, VP, (1994, 1998) they discussed, spread of discase
using mathcmatical mudels by considering dillerent control
stralegies and delays due e the incubation period his nul
been cunducted, particularly when the densities of the'
human and mosquitn populations are variable. Here cach
conirol strategy s pol valid for cach region.

A Simple SIS Modcl

we take only susceplible and infective classes from the two
species (Homan & mosguiloes). This model is based on
criss-cross inleraction hebacen this two species, T.et, homan
and female mosquitves both arc constants which are slown
in figure. For detail we can be seen Railey, NT 1. (1975).
1.zt the total number of human and mosquitoes arc F and M
respectively. Then

S,n+i t=H

S+l =M {2.1.1}
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Firsl we congider, the rale of decrease of human susceptible
(SH] 1 e proportional w e hiwman susceptible Umes e
inlecizons  mensquilo I:IH} with a similar lurm [or the
mosyguiie rate. In this cuse, iT somc how any one inledive
human {I”] or mosguilves <an he recovered, then they
rejoin the susceptible cluss, Then the modal {2.1.1) bevome,

By _ S b Tl
&%’ =n8. I, - al,
% =—n8, 0, Tl
&%:&SHFH -, (212

where 1, &, r, and £, are pusilive parameters. Al the
mitial condition we consider,

5, W)= Sﬁ,ﬁ & 5, (=4,

I =1, & I, 0= -’.-u-,

Dot {2.1.3) is conluin [per cquations 1.2,
4% neder system with (2.1.2) it redwees W a seennd order
system in cither 8 wmd Sy, or T and §,, Then

dl

d_:.r_ ?i{.-” — 1y Hu —EILIH

Do ot 101, el

Tct, the uqldlilrrium points (L, 0} at arc stcady states
of {214y are T, =U={,. Then

il i

(1.1.3)

=r(M {i.1.4}

ils o & e _p (2.L5)
dar ot
From (2.1.5),
H
po=tdufl pop By 2.16)
In“ + L ﬁ
f M
and, [ —[-F= 217
A %) @17

Fromn (2.1.8) und (2.1.7)
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mﬂri_}ﬁfﬂz +AAI, =M,

HM - RE
~d.=0apd [, =——12 2.1.8
= - M+P § 3
Similarly.
HM —-PR
I,=0 gpd [, =——1"2% 2.1.9
u o H+P i )

Therefore, non-zern positive steady stale levels of the

mfsciive population cxist only if HM}L witch is Lhe
1”2

threshold condition; il the positive stcady state cxists then

the zern steady state is unstzhle. This iz indesd e Gise, In

mednc [orm a8 a lincarization of (2,153

df i, [, rH T,
;[;“]-[&M ﬂ][:,,]

(Here, neglected non-linear term). MNow  find  the
Eigen values for the lincarization

{2.1.10)

of (1.5 about I, =0=1,, arc given by

r—n:.'-l.’LJ'I'.F'J" ,..I_{Iﬂ
| M -%{Uﬂ_

o, + iz, )+
—{og +eg )£ M
- it
2
{2111}
Here, if the (hreshold condition %}1 holds und
14T

A <0<, then the origin (0, 0 is o saddle point in the
phase plunc(f,, I, ). TF the threshold condition is not

saltisfied that is

<l lhen the origin is sthic since
17z

both A < (). Tn this case I, is positive and J,, dnes not
extsl. Agmin it [ and [, exisl, meaning in the context
here that they arc pogitive, (hen linearzution (2.1.5) shout it,
il the Eigen values A satisly, In metric form of (2.1.5)

E In _ 04—, wH=rl, Y1
di\ Iy | |\ nM-xl, —on—nly |1,

(2.1.13)

For, Ligen values
A+ Mo +a,+rl, +1] )+
[ty +ogrd, +een(d, H+1,M)+
G~ HM]=0

N
is o charclerstic sguation where Re(d)<0 anl the
posilive steady state (Fp 00 ) 05 stable. So, the threshold

condilion for a non-7em stesnly stale miected population is

HM . . . i
—— =1 « Muw it cvery hnmian is susceplible, Lhen

R, 2

the avergge number of human contacled by 2 mosgoim
mfeclive during it jnfectivus period and vise voess for
M Now nH

i

— and Eﬂmdmnﬁuﬁrﬂlhﬂmmnﬂ
£y Lx, &

msguile conteet rites respectively. This is not realistic for

long torm stedy of spread of discase. Thins in fodlewing

article, & model iz formulated where homan and mosguito

pupulation i variable wnd nchuding  difforent comnd

stratogics,

The Malbematical Model

Wiz conzider, only tao atages (larvae aod adult) ol mosguito
popiliation are considered in this ariicle as it stays in ppa
slage only for 4 days. 5o it i= beticr to include delay in
mosguitn fpom  lurval stage o adull stage.  Lemale
mosqlitoes of Anophcles species ure the main culprit foe
breeding malaria iy buman population. S0 we ke valy
female mesquilues for this model, For detadls we cun he
seen Ghush, M. & Pogliese, A, (2003). Suppose a fraction
F ol sl mosquite density (£ is female then D — o
(Lhe density of [emale mosquitnes). The growll equations
fior the: density of mosquitg rvie (L) und for the density of
sdull mosquitn (T3 assuming density dependent monalily
fur buth stages can be written as follows: (Here one can put
EOME parametess gero o cxcouts specific comiml methods
suitable to (hkl region).

L=bD—{A+A L)L~ cFirL

D=cF(f)L—(u+puD)D (A.1.1}

Where, b =is the popalation rate per individual, © =is the
scftlement rale per umit of frec space, [ = (metion of tolal
mosquitn densily is [emale, A = per capital dealll rales in
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the larval of mosyuite, A, =is constants corresponding to
density dependent deaths in lurvae | 0 = per capilal death
rates in adult stuges of mosguile, M, =is coastants

comesponding o density  dependent death mo adull
population{Bresding space) , F(I) =iz the froe space ul
Lo L Fromm (3.1.17 we el

L=bD_—{A+AL)L—cF{t)L

D, = feF(AL-(u+ 1D, )0, (3.12)

we consider, female mosguite ol two classes such a3
susccptihle class (¥ and infoctive class (¥ ). Now wo arc

gomg 10 model he spread of mwlaria in ¢pidemic region.
Ilere the total humun populwion densily D, nio three
classes such a5 snsceptible class(X,), infoctive class (¥, ),
meservorr class (Z, ). Then the Model lor the spread of
malariz can be written, for detzsils (Ghosh, M. (200600,

; r
X, z{bk_-ffﬂk}ﬂﬁ -

|:f1n £(l- f}%ﬂn}}:, —BX.Y, +VY,

v+n+d, + 5+

ﬁk=ﬁﬂ—[dﬂ+{l—f]%ﬂﬂ}33.
: I

X_=fFL—{u+uD )X _-
-ﬂ.xmrn _Txmz#'

Yo= XY +yVZ, ~(u+puD Y,

D= feFL—{p+uD )0 (3.1.3)

where, B, and d, we malural bith mie & death rate
rspeciively, 1, =h, —d, 15 the growth rate, K =iz fhe

carrving cupacily of the Duman populaion m Be oatueal
cavironment,  Wwhere < f <lis  the convex
combination constant which governs fhe logistic hirth and
logistic death of the human populuion, when [ =1, then
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the model is Togistic Dicth nodel a5 a0l of the restricied
growih s due W decreusing birth rate and Lhe death rale s
comstunl, When f =10 the model is logistc death mode]
a5 all of the resitcled growth s due Wooan increasing deatb
tale and birth ratc is constant {(ran, 1.0, Hethooto, HOW.
1962}, ¥ =is the moovery e constant, 1 =is the dissase
related  dewth Tues  comstant, 5 —is  the  inlenwtion
coefficient of the soscoptible human with the infective
mosquite populaticn, 7 "=is the interaction coefficient of
sizgeplible mosguilo wilth the inleclive buman cliss, b =1is
the inleraction costficient of susceptible mosguito with the
humun reservaoir class, O =is the eocfficient corresponding

to the movement of haman from infective class to reservoir
class,

The Mathematical model with controls and deluys
Tef, K, K, &, are the constanls cormesponding b the death

ol larvae due to the hiological control, the chemical comtral,
the death of adoll mosquito Jue (e electoe sl

respectively. fw = 15 e Practon of (odal population which
uscs hed net - Thaes Lhe fmction (1=} of each class of
D are eapossd o mosguilo biles, Apwin we consider,
f,and 7, arc the delay duc to the incohation period in
homan & mosguilo sespeclively med 7= 03 Ue delay

cormaspomling lo survival [rom evae 1o aduly stagees. Thas
the Model hecame:

L=bD_—cFL—(h+hLIL—KL
Y, =B (- F)UD, ¥, Nr—t )i —7)+
Y= £, (10—, M2, — ¥ Wi —T,) -
TR JTHEINT S ¥ ) -
D= iFLit-0—-(u+WD 1D —
l'.'zﬂw —-K 5ﬂm
Y, =Ml f,HD, ¥, —Z)1—-1,)
Y t—t,)—(v in+d, 1840 f)irz,n,,m
7, =8¥, —{d*+{1—f}%ﬂﬁ 1Z,

: 1,
&ﬂfrhu—?*jna -n¥, (3.2.1)
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Hee, the initial condition is L) =L, (#) =0, where
L,(r) is given non negative lunction on —1 <r=Ai),
D, ()= D, (=20, where Dy, (1} is given fon-ncgative
fomction on —7, <+ 20, ¥, ()=, (1) 20, where ¥, (f)
B gven  nodpegative  fonction  on—1, SE<0,
LN=Z =0, where Z, () is given noancgative
function on  —7, 7=}, F e =Y _(fi=0, where
¥_,(t) is given nunmegative funclion on -1, <=0,
D_{t)=D_,(t) =), where D ,(r) i% given nunncgative

function on—1, =7 £}, The sieady stste equilibrivm of
the syslem (3.2.1) can be derived as folbows from the Srst

and third cquation we get, from first cquation, 7. = 0
SBD, —cFL={A+ A L)L - k=0
From third equation of {3.2.1}, D=0:
:"[JETF_HI{-HDE}DH _EEDM _K?Ium :ﬂ
(p+p,D V0 kD +x,0

oF 2

From (3.2.5) & (3.2.2),
D {b—{cF+i1x }(‘u+“"ﬂ' +x1 Th)

fek (324

e

={)and

g
%[MF) *

(3.2.2)

~ L=

@.2.3)

IIIE_.D_
1{#’+}." +x,,],n,,i!
(fery P
cF + A+ K,
_.ﬁr.F

fcF
cF + A +x,
( FoF Wu+u, +u)—b=0

H+i, +

2y, (2

J 1D+

(3213
where all the cocfficients are positive except the constant
term. For exisicnee of unigue positive root (say D)) of
{3 -2.5), we noed the follvwing condition:

A+ +oF
———du+x,+x,)-b =0
feF
_‘.F}{.-l+r]}[,u+r1+r3}

(A= (u+ K, +55)]e

(3.2.6)

Adthe stcady state,
: n
£ :ﬁ{l_fjﬂk —nf, =1

T Iy
o ¥y =2 _?h]

%, =8, -{d, +(I f};:—*ﬂ,.lzﬁ -

-
e E'i = — T','[—R' } —
d, +(1- f}:f D
=1:-1 = Fl- £ 0D -Y 0, +
Y~ fIZ, (D, -Y, )~ (u+uD)¥,
—ijmﬂ-ﬁi}:ﬂ =ﬂ
B+ - i
dﬁﬁ--.ﬂ;f—*ﬂ*

1 I IJ*
_lil—.waﬂ,,-I; {1 —?]'ﬂ'Ji

¥, =
B+ -

(4. +(1-f)2D,)
*EI—LJ;—*{I—%}IJJ
(45, +x, +,00] )

Again,

ﬁﬂ_.ﬁ,j(ﬂi_ﬂ_zij}; -

(0+n+d, +§+(l—f}%ﬂi]}‘; =)

g gy i-Ba-thae——2 gl

fa
fel, +(l FI210,

"~ ={uensd FAE- pyhig-th
E% 4 mtd, +a+(l 'f}.ii'ﬂ'iqﬂ K_Jﬂi:

Vrom (3.28) & (3.2.00), D, =00, =K o

113

(327}

(1.15)

(32.9

(3.2.10)
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F(D,)=RD;+R,D; +R.D; +R.D; +

RD, +R;=0
{32113

= - ij 1— r—l"

R_-=&{l—f}‘ﬂ—fw]’[r—“f+

{a-7)- }’I{ﬁ'tf..ﬂﬁm R’

Ba-f Jﬂ—,.l';.]IEH B-fxl-1,)

~FrEd -1z

NS
, _ﬁ_u F DR (1= i, +ra’il
K'n

—F VD B- A -2y -
Bl-f. YD Al ﬂK{{l ,:__Jﬂ flﬂ,’r

%[d*+E”+(U+W+dpf+¢ﬂﬁﬂ_f)%*
ﬂ—f,,,}i+liu+ri+1=f;+5}ﬂ—ﬂrf‘}*
(B4, +10)1-f,) 21 - FU-p)®
a-f) } (-2 ip+a

Hﬂ;ﬂ-ﬂE"+{ﬂ"ﬂn+ﬁ’flﬂ—f,l£]

47(13 2012

R,= A0 £, VD, (84, +;.-ﬁ}{|:l—i}
1- _f}—+—{d +IN+B0- £, )+

s AN T,

nal-anLin-=x |- Fy-t)®
LA )=, 1 OH - -2
(e, £ &, + T 0, —{(u-0) v 2, + 5%
O (e N e

(fd, vl —f,)%}+dnﬁr+fﬂ+?d, L

(B4, +16¥1- 1) L= B -1, }:_E;}
R, =B f, VD1 —%m& +8))=
(Fd, + 30 —ld, (v+n+d, +5)=
[+ +x, +,ujﬂ:|j|{1—_ﬂ%+
| (Ad, +10)1-f, %}ﬂm#ﬁ

Ky + 14 0 3, (o4 1p+ 24, +SN1— f}%"
+ 1, + v+i+
L N A
K+ 1 d, +d

li:r+:r;i+ #+;£]D;+ 2
Moy, (ﬁ] E.u ﬂ ][ 1_|_ : ] i

(1.2.17)
FIKY = B0- Y KX {d, +(1- )r,)
A, +(1— fin}+ 18] —{v+
n+d, +8+(1- fir Hu+mD, +
K, t&)Md, 4 (1= Fir§
(3.2.13)

Henee, the sofficient condition for the existence of at beast
wne posilive rosl of above (32,130 Iving belween ﬂ'mul KEis
FK)=0
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: g
[‘BU +ﬂ—f:rr.]*
R [say]= M- f}n“f—ﬂ
ol v lu+n+d, +J+{1 f}lr,,]*
{ﬂ+mﬂm+x1+x3)
(3214

This condition (3.2, 14} 15 the threshold condition {(which we
will see later wo while showing the instabilily of disease
fres cquilibrinm, (his s important in the sense that this is the
key faclur which control the persisience of disease in the
populution. Knewing, ofher parameters valucs onc can e
what should be the value of f and also what should the

(when & T.x, T, D, 4
value be of K, and £, o

s Lt

p+p D+ KK, !
this K, van be made bess than one and it will make discasc
[ree cquilibrium to be stable. Here the larval control factar is
ol coming dircctly into the picture bul it iz a=sociated

with 27, The fraction D,

——®  i% imcressing
pA D+, K,

with .F};. Hence conirol &, regulates the iodal lemale
mwsquitocs 13, and thus afTecting this threshold eondition,
We nesd (o shuw that there cxists only one positive Toot in
the interval 0} and K. Here R, is positive and K, is nepative,
the  silicient
BUra+2d, +3)>r . Henee for the existence of
umigque equilibrinm poinl, we put following conditions:

B,=0R >0ad R, <0

cendition  for R, be  positive

(3.2.15)

3o that there will be only onc change of sign in (3.2.11)
Hence using Descarte’s mile of sipns, we can say that there
cxist af most one positive roob After gefling (his unigue
pusilive Toob say ﬂ:, it is easy o lind .'[':,E;,}":uq.ing
oquations (3.2.7%, (3281 and {Efli;'}. Hence the ealstence of
unique cquilibriam point 15 puaranicsd under (3.2.15).
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Stabilily Analysis
For von Lrivial equilibeinmg

Let, L=+l ¥, =V 1%, =D +d__
¥ =F;+.}'.b=‘?:n = EJI:"'E.I.:'-D& =X +d,

Then the linesr system of (3,210 &5 given h}'£= dl .
i o
Slilnilurly,
I=bd, —(cF+A+x1 240
Yo I w =)y (-1}
(L= f WD, -F ) +{BY, +y7; )
-FfMd r-7) -y (r—-1,)1-
(et + D))y, — ¥ d,
d,=feFlie—1) (i +5, +1, +
202 vl
=f0- f D, ¥, - 7%
Y =T )+ ¥ L (-1 —
:I’p.{'t—rg}_ Eu'[l‘—fgﬂ]—fl“f‘
mtd,+d+{1- _,r'}r‘ )
(1—I}E Yd,
.F..'-l
z, =8y, -lp, +- 1) -—}?
: 2r, D
dy=rd, - d —1¥, (33.1)

Now looking tor the solition in e form of ~expii () 1o
wel o charactenisiy: pulynomial

Vi, r.0,.70,) =l +wicF +1+x +
QAL + p+ L+ K+ 2, D0 )+ (o F
A+x +2AL W pu+n,+x,+ 20D ) -
abeFe™ )+ [w* + 9l 1y’ H, +
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H,=m, +m, +m.+m,

H, =m,(m,, +m, +mg)+m,(m, +mg)
tmm [B(1- f,)¥e "’—{l—ﬂ-;-’:,l';'}ﬂ

—B— f0D, - ¥, ~Z)* B~ [0 D, - )™

H, = mpmy mog + o i, +
Wy T, L, + W, ML, T
(m, + ﬂi:ﬁ]{ﬁﬂ—fw}*j:ﬁ_“’

-n-f:ri;,n' - Bil- )Y

{l—f}rHZ:IKe' ¥ (g, )
B(l— YD, -Y, -Z) (D, -¥ je ¥

Hy = mymy iy, +mgmy, {B(1- f)%
Ve =0 )W =m0~ £,
f:f_"’ﬂﬂ—f]'*%z;_mﬁsw*
(- £, )(D,-Y, -Z)

my, == 0 e (1= f )=
Ze " UK i+ 1D,

Comy = Bl-F e TR e+
P48+~ )LD
mys = p, +(1- £)L D],
K
my, =r—£,{zﬂ;— KD —¥ e
~By(i= £, (D, - Zy WD, =V )#
101~ f) L2 (1, +1,)
For =7, =1, =0, using Routh-Ilurwitz criteria the

non-trivial {if it cxistiz) will be locally asymptotically stable
i ke following combition Tedd:

47i1) 2012
(cF+A+x +24AL0 )
24 , (3.3.3)
(f+r +8+20D V= fbeF
. H1 lHI
and H,>0, =10,
2
SO I PR
I H, Hy=0 H’ H" e
0 H, H, ! :
o | H, H,
(334)

Here the expression e H H_ H H, are soue s

defined eurlier with T =1, =1, =(). It is casy to say that the
condition (333} iz aufomafically  gafisfied uging  fhe
eqnafionn  corregponding w the equiliboum of the svsiem
(3200 Adso the Grst two inegquulities of 3.3.4) are sulisli=d,
=0 condilivns for local asymptotic stahility arc the third

imcguality and h'-,.‘-?ﬂ. The result of an cquilihrivm analysis
of the model (3,2, 17 13 staled w the [Dlowing heorsm.

Theorem

Aot of mecessary und  sullicient  comditions  for
KO0 Yo 00 Y EL, D, ta be asympiotically stable for

1 =0,1, 20,1, =0 is the following:

(i)' The real parts of all the maots of Ve 0,0,0) = 0

are negalive,
(i} Forallreul @, and 7 20, Vi, 1.00) =10,

{iti} Lorallreal dy and 7 =0, Viiw 07,0070,
{iv) Lorall real doy and ¢ 20, Vo, (00, 2,) 0.

Proof: (a) The teal parts of all the roots of ViadlLil =10
ars negative, =7 =1~
My, = Fl= ¥ +y(0= f )7, +

(g iy oy + 000 my, = ML )

whe L,

Yo +utn+p, +8+(1 f}r—ﬁ*,ﬂ;.

: T, r .
mg. = p, +{1- f}?ﬂ“. iy, =E?'{'Eﬂﬁ -K)
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Here wie sce iy Mgy, My, amd Mg all are positive, So
their mulliple additions are slso positive. Then the
characieristic cquation is
Viw.0,0.0)=ly" +y(cF+ A + &,
*2AL +pu+2u D0 + 5, 4K, +
(eF+A+x +240 W u+x, + kK,
+2u ) — fheF |+ [u + i, +
VH,+Hw+H, =0
(eF+A+K+24L)=
(H+r+8,+ 200 ) > fbcF
and
H,={{cF+A+x+2A0 u+x, +
K +2u00) - fbet],
Hi=cF+A+k+2A0 +u+
2uD +x, + i,
= also positive. Then
Vig.0.0.0)=p" +p’(H, + H,)+
wiH, +H.H, + )+
W (H, +H,H, +H H,)+
Wi, + HH, +H.H,)+
w(HH,+HH)+HH, =0
ki 3 6% order polynomial of a lunction . By osing
Descane’s rule of signs there is no positive rool in this
equation which may be negalive or IMaginaTy. i.c. S0
roots are gegrative and real. Therofore Lhe real parts of
Vi 00,00 =0 is negutive, sinularly we can say Lthat (h),
€, and () B alo  satisfisd  fhen
ENL. Y, 0¥, 20, 57} be usympiotically stahle for
20,7, 20,7, = 0. (Proved)

Condition for no stability chanpe of the cyopilibrium
E” due Lo the delay 7

In fact in Uris scction we are going 1o see the stability of two
dimensionzl sysiems (L— D System) without infoction
e how muosguito dynandes ffects the stubility of our

syatom (3200, As 7 cntors woly in the first (uctor of (he
cxpwession (3.3.2) then we get

prH{cF + A+ K+ 240 a Rt P
i+ 2D Y+ (oF + A+ & + 24 L)+
(f+a + R+ 200 ) — fheF e =0
{34.1)
= {0} — @] )+ (cF + A+ x5, + 200" +
H+u, + K, +2ul Y, — fheFe ™ +
CORMT +(cl FA+K, +2AL W+
Ko+ &+ 20000} +i{2e6m, + o,(cF +
A+E +2AL 4 p+u, v, + 20D )+
JheFe™ sing,r} =0
[+ Putting w = i, |
Nuw separating real and Imuginary par Lhen
Uox —ag )+ (cF + A + 1, 4240 + g+ x, 4
Ky + 20D e, +(cF + A+ &, + 2AL)
(B0t & + 00y + 20l ) - fhefe™ T gos gt — 1)
342
ek +an(cF + A+ & + 2410 +
HA K+ K v 2007 )1 fhote™ snar =0
(3.4.3)
Mowr merting
A=cF+ A+ K + 240 &B=p v &, + 5, +2uD"
then &, =1}

and, ~@," + AB = fbeF cosa,T (3.4.4)

& @,(A+B)=- focrFsing,1 (3:4.5)
From (3.4.4) & (3.4.5),

(9 )* + (A% + 8%l + ATR? = ([Bei)?
(3.4.6)
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_-.1=%{-{.d.=+u’}r

JIA + B - 2478 (4 fhor )
[putting a2, = x]

Thus the condition for existence of real @ W gel pesilive ©
is

(347

(4fhokF ) —24%R =1,

= fbeF }LE{AB] (3.4.8)

=
From (3.4.5) & (3.4.4),
nr 1 (A+B)w,
f=—+—tan (3.4.5)
@ o [ﬂa’—ﬂﬂ]

[ here n 20,8 = lﬂn'l[—-—[:g_ﬂ i‘:‘ ]}

Heoce the necessory and sulfcient consdilion or oo siabdlity

change is the just opposite condition of {348

Lo fhok = L[ﬁ_ﬂ] {34100

V2

Tmitathomn

Adult female mosquitoes Tay cggs in gvery 1-2 wocks and
luy mear about 300 or 10-20 egys i they have led ur ool Ged
respectively. Consider, an edult fomale mosquito lays 600
epps per mouth averagely, larval death rale is (aken as LG
and the death rute of adull femule mosguitoes s L300
hecause they survive height 30 days. We don® knowr the
denzly dependent death rale of mosquite Lurvie or sdults,

sn owe ke, h=20,7=05  A=00625,
A, =0.0005, u=1730, g, =0.0002, puuing

cF=001, f=8=0000002 F=% For dossils
Burton S.1. & Cohcn, B. (1980), Nedclman, T, (1985) and
Nowa, G.A. & Shu, W.5. (1999)].

Diffcrent  arcas may  have  different  epidemiclogical
eavironmenls and il may very. Suppose o smull [raction
Le. v =0.04 which comesponds the infections perind of
100 dayz and & =(0.00005 (fraction going to rescrvoir
class). We assumc  por  capital  birth, tate i
b, =30/365000 P, =1/21%0( The disease related

47(1) 12

death vate of humen is wboul 1.5 % implying per cupita
disease imduced death ruery=0.015/30. The camrying
caputity K is constant. To illuatrate the glohal stabilicy
bohavior of E¥ wwl W see the ellec of vurous parameters
un the spread of the discasc, the aystem (3.2.17 is intogratod
using the fourh order Runge-Eulla metod, Inmdly we
uke all control parameters &, =0, &, =0 &,=1{),

_.';F=n ad K = 30000 and delays are 7 =20,
7, =15 1-=15% ‘The
L=6R46.495, Y =397.91 1) _—1227.63

cquilibrium  waluss  am

Y =6200.9 7, =4836.41 D, =189354.7

e - . .
T i | el °
—_—tmmm

e

—_—— w= [r— e T s S

Fip. 4.1; Effect of &, on infocicd human,

Lkl il (TS [T e v EYETH

Fig. 4.2; Effcet of &; vn infecied human,

B

Fig. 4% Effect of f on infected hman
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I AR H = T 1N L

Fig. 4.4: Effext of k; on infected homan

Flig. 4.5: Effect of all contrel measpre simultaneously on

infeeted hipman
e -
P = : i'%.éﬁ-ilsaﬁu ‘ : ﬂ!ﬂ;ﬁ E -
%MW“M&&H

Fig. 4.6: Effect of perindic free space (F) on infected
i

Imitation is performed for different initial pusitions. Tf is
obzerved that sulution eurves tend to tile same pevicrl for all
mitial starls implying il plohal stability of this equilibrium,
The effect of different control measurcs on the infacied
hurvin population are shown in figures (4.1- 4.5). We also
consider the cuse in which the free space (F) is periutic. For
example during rainy season water for Bangladesh logging
increases froe spoce and helps mosquile breeding, 1L is
observed thal in this case discase persists with oscillation
und with increased infected humans (see fig. 4.0 - 4.6)

Cunchoshon

In this paper a simple 815 model and nonlinear model for
maliry transmdssion in Dengladesh is propese]  and
amalyzed, The existonce of non (rivial equilibiimn pomt is
shown voder some condition. The conditions for no stahility
change [or the pon tmivial syuilibriom oind s obtaine).
Result on bocal asympandic stability of bountdary cquilibrium
5 oalsn incleded. Using imitafion it is found Lhet the
noniviel equilibium point s in fact globally stable for the
chosen el of paramilers. The elfects of different contral
measfes  for maluris coolrol are observed and i s
eoncluded thal use of hed net is the st effeotive control
Measure for the conigd of malaria, Parallclism, i we can
uge other control measures with bed net then the number of
infected human population decreases remendously.
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