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Stability analysis of an SEIRS model for the spread of malaria
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ABSTRACT

In this paper, an SEIRS mathematical model for the spread of malaria that incorporates recruitment of human population
through constant immigration is considered. Susceptible humans can be infected when they are bitten by an infectious
mosquito. They then progress through the exposed, infectious, and recovered class, before reentering the susceptible class.
Susceptible mosquitoes can become infected when they bite infectious or recovered humans, and once infected they move in
infectious class. The growth rate of mosquito population density is taken to be logistic. We define a reproductive number,
Hy, for the number of secondary cases that one infected individual will cause through the duration of the infectious period.
We find that the disease-free equilibrium is locally asymptotically stable when Ho < 1 and unstable when Hy > 1.We prove
the existence and local asymptotic stability of endemic equilibrium point for Hyp > 1. By stability analysis of ordinary
differential equation, the conditions for global stability of endemic equilibrium are obtained. Numerical simulations are
also carried out to investigate the influence of certain parameters on the spread of disease, to support the analytical results
and illustrate possible behavioral scenario of the model. The analysis of the model shows that if the growth rate of human
population and vector mosquito population increase, the spread of Malaria increases and the disease becomes more endemic
due to human immigration.
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1. Introduction

Malaria disease is a major public health problem in the world. These diseases continue to afflict the poor
nations. It is one of the top ten killer diseases in the world. In each year, there are estimated between 300
to 500 million clinical episodes of malaria and 1.5 to 2.7 million deaths worldwide, 90% of which occur in
tropical Sahara. Outsides Africa, some two-thirds of remaining cases occur in just three countries; Brazil,
India and Sri Lanka. However, it exists in some 100 countries [1]. It is an infectious disease caused by the
parasite genus Plasmodium. There are four species of this parasite causing Malaria, namely, Plasmodium
Vivax, Plasmodium falciparum, Plasmodium ovale and Plasmodium malariae [2]. Malaria is transmitted
through the vectors, Anopheles mosquitoes and not directly from human to human. The disease infects
humans of all ages and can be lethal. According to the world Health organizations in year 2007, about
40% of the world population, mostly those living in the poorest countries, are at risk of malaria of the
billion people at risk, more than 500 million become severely ill with malaria every year and more than
1 million die from the effects of the disease.

There has been a rural-urban movement in search for jobs: this currently is a major phenomenon and
a major determinant of disease spread in Africa. This has been resulted into unregulated urban growth
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that leads to an increase in malaria transmission because of poor housing and sanitation, improper
drainage of surface water and use of unprotected water reservoirs that increase human-mosquito contact
and mosquito breeding. This has been compounded by wars, natural disasters such as droughts and
floods that have resulted in displacement of communities into environmental refugees [3].

Mathematical models have long provided important insights into disease dynamics and control. Gen-
eral epidemiological compartmental models that include infective immigrants but with no age structure
have been studied in [4-6]. However most of the host-vector mathematical models used have focused on
the dynamics of the disease in the absence of infective immigrants. They consider the immigration of
susceptible humans (see [7], for a mass action model and [8], for standard incidence) for the horizontal
transmission of malaria. The Chitnis et al. [8] model does not include immigration of infectious humans,
as they assume that sick people do not travel. However, some of the immigrants from malaria-endemic
areas are infected with malaria parasites and can be a source of malaria when they move to a malaria-
free zone that has uninfected mosquitoes. Thus, the role of infective migrants cannot be ignored in the
spread of malaria. In Tumwiine et al.,[9] a model based on susceptible-infectious-recovered-susceptible
STRS pattern for humans and susceptible-infectious ST pattern for mosquitoes was considered. It was
established that recoveries and temporary immunity keep the populations at oscillation patterns and
eventually converge to a steady state. In particular Shukla et al. [10] studied the spread of malaria with
environmental effects. We have modified this model by considering the growth rate of mosquito popu-
lation as an increasing function of human populations and also, introduced an exposed class of human
population to incorporate the time lag between the events of susceptible population entering into the
infective population. This paper is organized as follows: in section 2, we introduce mathematical model.
Section 3 focuses on the analysis of the model which includes the study of region of attraction. Section
4 deals with the equilibria of the system. In sections 5 and 6 local and global stability of the equilibrium
points are established. Section 7 highlights the results of our analysis using numerical simulation. Section
8 presents a short discussion.

2. The Mathematical Model

We consider here that the total human population density N;(¢)is divided into four classes, the susceptible
S1(t),the exposed E(t),the infective I (t),and the removed class Ry (t). Let mosquito population density
Ny (t)is divided into two classes, viz. the susceptible class Sa(f)and the infective class I(t). Now by
considering the criss-cross interaction, SEIRS model can be written as,

ds

7; =A— 15— BiS1l + 0 Ry,

dE

ditl =Sl — By — mmEr

dl

ditl =viE — vl —oqdly — py Iy,

dR;

— =l — 1R — 1R

dt Yod1 — piliy 1411,

dNy

—— = A — Ny — o[

dt H1iV1 — Q1 dy

dSQ 80N22

—= = 85(N1)Ny — ———= — (595911 — 1259 — aaS

dt 3( 1) 2 L(Nl) 52 241 — H202 — (202,

dl.

7; = B2S201 — p2ls — aoly

dN2 80N22

—= = 5(N1)Ny — ——= — 19Ny — as IN- 2.1
dt $(N1)N2 ) H2 N2 — N, (2.1)
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with Sl +FE+I11+R1 =N, ,Sg + I, = Ny 78(1\7’1) = S +51N1 ,51(0) > O,El(O) > 0,]1(0) > O,Rl(O) >
0752(0) > O,IQ(O) > 0. AISO,

L(Nl) =Lo+ L1N1, Lo>0, L; >0 (22)

Now using S1 + E1 + I + Ry = Ny and Sy + I = Ny, the model (2.1) are reduced in the variables
Ey, I, Ry, Ny, I3, Ns as follows;

dE

T;:ﬂl(Nl—Il—El—R1)IQ—V1E1_H1E17

dl

ditl = VlEl —’YOIl — alll _ulll 9

dRy

— =~ol1 — w1 Ry — 1R

dt Yoi1 H1iiy 14,

dNy

- — A— Ny — gl

L M1V — Qe dy,

dl

dTQ = Bo(No — I) 11 — pals — asls

dN, s0N3

Y2 (NN, — — 43Ny — as Ny . 2.3
g 5(N1)No (V) H2iN2 — Qr2iV2 (23)

In the above model (2.3), A is the constant immigration rate of human population; uthe natural death
rate constant of human population; [3; the interaction coefficient of susceptible human with infective
mosquito population; 7y the recovery rate coefficient of the human population; a;the disease related
death rate constant of human population; d;the rate coefficient at which individuals in the removed
class again become susceptible; psothe natural death rate constant of mosquito population; asthe death
rate of mosquito due to control measure; f2is the interaction coefficient of susceptible mosquito with
infective human class; s(IN7)is the growth rate per capita of the mosquito population density under the
assumption that growth rate increases as total human population increases, so that s(0) = sg > 0 and
s'(N1) > 0 where sq is the value of s(Ny) when Ny = 0. sp is the intrinsic growth rate of mosquito
population; L(N7) is the carrying capacity of the mosquito population and it is taken as to be increasing
function of human population density and its value is L(Ny) {s(N) — (u2 + a2)} /so.

3. Region of attraction

Theorem 3.1. The region of attraction for the system (2.3) is given by;

A A _
<N1<70<-[2<N2<Nm}
p1+ag M1

Q = {(E17]17R17N17I27N2) :

which attracts all solutions initiating in the positive orthant, where

N = L(N1) {s(N1) = (p2 + @2)} /0.
Proof. From fourth equation of model (2.3) the total population N (t) satisfies,

dNy
— =A— Ny — o 1.
dt M1V — pdy

It follows from I(t) < N(t) thatA — (u1 + a1)N(t) < ‘% <A—pN(t).

. . . A A
This implies that, T < N; < e
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From sixth equation of model (2.3) we can write,

dNy
dt

SQN22

< s(N)N, = L(Ny)

— (p2 + az)Na.

This implies that, 0 < Ny < L(Ny) {s(N1) — (2 + a2)} /so or 0 < Sy + Iy < N,

4. Equilibrium Analysis
The system (2.3) has three non negative equilibria

M1(070307N17070)a M2(070707]\:/v1a0a1\72) and M3(E17jlaél>NlaIA2;N2)-

4.1 Existence of M1(0,0,0, Ny,0,0)

Here Niis the solution of the following equation
A— 12451 N1 =0.

Clearly, Ny = ﬁ > 0. So the equilibrium point M (0,0, 0, N1,0,0) exists.

4.2 Ezistence of M2(070,0,]\71,O,]<72)

Here N; and N are given by the solution of the following equations;

A— /Jlﬁl =0

and
= = 50N22 =
$(N1)N2 — ——== — (2 + az)N2 = 0
L(Ny)

Clearly,

= A

Ni=—>0

H1

and

_ L(ﬁ1){5(ﬁ1)—(uz+a2)}

Ny = 5 >0
if

5(N1) > (p2 + a2)

So the equilibrium point My(0,0,0, Ny,0, Ny) exists if s(N1) > (ua + as).
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4.3 FEzxistence OfMg(El,fl,Rl,Nl,jQ,NQ)

The non trivial interior equilibrium point M3 is the positive solution of the following algebraic equations

Bi(Ny — I, — By — Ry)Io — 1 Ey — py By = 0. (4.1)

By — vl — ay Iy — pu Iy = 0. (4.2)

Yol1 — p1 Ry — 01 Ry = 0. (4.3)

A—puy Ny — oIy =0. (4.4)

Bo(Na — I) Iy — pials — cuals = 0. (4.5)
soN3

$(N1)No — (V) (12 + aa)No = 0. (4.6)

Now from equation (4.4) and (4.3) we get,

jo (A — p1Ny)
| =Y
aq
and
Yo(A — p1Ny)
R = = g1 (V.
al(ﬂ1+51) gl( 1)(Sa’Y)

Also from equation (4.2), (4.6) and (4.2) we get,

(o+on+p)(A—mNi) o LN {s(N1 — (p2 + a2)}

E = N2
V1 So
and
I — B2No Iy _ B2L(N1) {8(N1) — (p2 + a2)} (A — puN1).
(62—[1 + H2 + a?) S| [%ﬁw + (/.LQ + (12)

Now putting the value of I;, Fy, Ry, Is and Nain equation (4.1) then whole equation reduces to Ni. So
we can write,

) B1B2L(Ny) {s(N1) — (p2 + az)} [Nl _ (A*([)_(LllNl) _ (70+a1+511()x(1A7#1N1) —g1(Ny)
1 =
 CET—)

a1
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_ (v1 + p1)(yo + a1 + 1) (4.7

151

It is clear from equation (4.7) that,

A A (votoutpi)A A
P ( A ) _ —PBL (u1+a1) {5 (u1+a1) = (2 + a2)} [ Gnran T (u1+57)0(m+a1)}
B+ o S0 [(ufi‘il) + (p2 + ag)}

()0t + )
181

<0.
(4.8)

and

7 (A> _ BiBeL(A/p) {s(A/p1) = (2 + 2)} A (n+pm)(o+on+p)

H1 180 (e + a2) V1
If

Hy— v1B1B2L(A/p1) {s(N1) — (u2 + a2)} A 51

paso(pe + o) (1 + p1)(yo + 01 + 1)

It would be sufficient if we show that F'(IN) = Ohas one and only one root. From equation (4.7), we note

that F' (MTAal) < Oand F (ﬁ) > 0.This implies that there exists a root Nyof F(N;) = Oinﬁ <
N < ﬁ
Also,F'(N1) > 0 provided | Ny — A=) — otentin)(Aoni) _ 0ot | > 0 in 4 < Ny <

;%' Thus, there exists a unique root of F(Ny) = 0, (say Ni) inﬁ < N; < %. So the equilibrium
point Mjsexists provided Hy > 1.

5. Local Stability Analysis

Now, we analyze the stability of equilibria M7, My and Mjz. The local stability results of these equilibria
are stated in the following theorem

Theorem 5.1. The disease free equilibrium point My is unstable if Mo exist and disease free equilibrium

point My is stable if Hy < 1 and unstable ifHy > 1, where Hy = (70+a1f;1")1£ﬁ2£";(y1+#1).

The interior equilibrium point Ms when exists, is locally asymptotically stable provided the following
conditions are satisfied:

(v1 — 51f2)2 < <i) (51f2 + v+ ) (Yo + o+ pa)

(B1l2)* < <;> (Bulz +v1 + ) (g +61) (5.1)

[51(1\71 ~h—-E - Rl)}2 < (Zl’)) (51f2 + 1+ ) ([32f1 + p2 + az)
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(07 < (3) (ot m) G +50)

(B115)* < (;) (Bilz +v1 + ) (),
(@ < () ot ().

[52(1\72 - 132)}2 < (;) (Yo + o1 + 1) (Boly + po + a2)

2

~ 30N22L1 (2) ~ 280N2
51Ny — ———— | < |5 [p2+az—s(N)+ —= (1)
[L(Nl)r ; L)
(B21)? < (z) (Boly + a2+ p2) |+ po — s(N1) + ?(3\%72)1 .

Proof. The variational matrix V; at M (0,0, 0, Ny, 0,0)corresponding to the system of equation (2.3) is
given by;

-V — 0 0 0 B1 N1 0
1 —Yo — (1 — U1 O 0 0 0
Vo= 0 Yo —p1—061 0 0 0
! 0 —o 0 — i1 0 0
0 0 0 0 — U2 — Q2 0

0 0 0 0 0 8(]\71) — (MQ + 042)

Since one eigenvalue s(Ny)— (2 + 2 )of matrix Viis positive because s(N1) > (p2+az).So Miis unstable.
The variational matrix Vo at M(0,0,0, Nq1,0, N3) corresponding to the system of equation (2.3) is
given by;

[y — p1 0 0 0 51K71 0 |
21 —J 0 0 0 0
0 Yo —H1— 01 0 0 0
Vo = 0 —Qq 0 — 1 0 0
0 BQNQ 0 0 — U2 — Qg 0
= soN2 B
i 0 0 0 51Ny + [L(]\:[f)]z 0 K_

Where J = v + a3 + p1 and K = s(ﬁl) — (p2 + aa).
Then the characteristic polynomial of V5 is given by;

PA) = (=1 —vi = A) (=1 = A) (=K = A)
(=1 11+ N + X2+ a2 + X)) + BN BN )
= (i +ri+A) (m+A) (K+X)
( (i +p1+A) {(T+A) (p2+a2+ )} - 51]\:711/1/32]\72)
= (u+v1+A) (u+A) (K+X) (A+BX\+CA+ D)
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therefore the eigenvalues of the matrix Vs are —py — vy ,—p1 ,— (5(]\:f1) — (p2 + a2)> and the roots of
the polynomial g(\) = A3 + BA? + C\ + D where;

B=w+v+o+2um+pt+a),
C=((v+a1+p+ p2 +az)(vy + p1) + (y0 + @1 + p1)(p2 + a2)) and

D= { (yo + a1 + p1) (p2 + a2) (V1 4 p1) — 51V1J\:7152]\=72}

Here, we note that Band C' are always positive and D is positive if Hy < 1 where,

Hy = Creen f;’;)l(z ;izé\; 2)(y1 g Thus disease free equilibria is stable if Hy < 1 because all the conditions

of Routh-Hurwitz criteria are satisfied. However, if Hy > lalthough B > 0, BC' — D > 0 but D < Othus
disease free equilibria is unstable. At Hy = lone of the eigenvalues of the disease free equilibria is zero.
So we cannot predict anything about the stability of the system in this case. Hy = 1 corresponds to the
stability switch in the disease free equilibria as for Hy < 1it is stable and for Hy > 1 it is unstable.

Now we find the conditions for locally asymptotically stability of interior equilibrium point; For this
we first linearize the system (2. 3) around the positive equilibrium M3by taking the transformationE; =
er + By, 0y =iy + I1,Ry = 1 + Ry \Ny = ny + Ny I = iy + I andNy = no + No, where ey, i1, 71, n1,
1o and ny are small perturbations about M3 . We consider the following positive definite function in the
linearised system of model (2.3).

1 1 2 1 1 1 1 5

Wi=geitgitymtgnitgiatgn

Now, differentiating Wy with respect to time t, we can find W, along the solution of linearised system
of (2.3) as follows,

. 1 . 1 , 1 1
Wy = ~1 biy €f + bio €1 i1 — 1 b2 Zﬂ + [—4 by €l +big ep r1 — 5 b3 T%}

1 . 1 . 1 . 1 .
+ —5 bas 1% + bag 71 i1 — 1 bao Zﬂ + {—4 bi1 e1 +bis eq ip — 3 bss Z%}

1 . 1 o] 1 1
+ —3 bss i3 + bas i1 z2—11922 it +{—4 bii €3 +biseq 711—3174471?}

1 . 1 . 1 1
+ _Zb44 ni + bog ny iy — szz lﬂ + {—3544 n? + by nyng — §b66 n%]

1 ) ) 1
+ —g b55 Zg + b56 12Ny — 5 b66 TL%

Where, bis = (11 — 51f2)’ bi1 = (51f2 + v+ ), baa = (0 + @1 + ),
bis = —B1la,bas = pu1,bss = (Bol1 + pio + a2),
bis = 51(]\71 - fl - El - R1)7b24 = —a1, by = 51f27
bas = Ba(Na — I2),, bag = 70,

IS 280]\72
(po + az) = s(N1) + —==| , bzg = p1 + 01.
L(Ny)

- soN2L
byg = 81N2—07212 » bee

)

Sufficient condition for W; to be negative definite are that the inequalities (5.1) holds. This completes
the proof of theorem. O
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6. Global Stability

Theorem 6.1. In addition to the assumption (2.2), let L(Ny)satisfy in the regionQ), L, < L(Ny) < Lg
and 0 < —L'(Ny1) < p ,for some positive constants L, and p. Let the following inequalities are satisfied;

(v1 — 51f2)2 < (i) (51f2 +uvp 4 1) (o + o +pa),
(70)? < (;) (v0 + a1 + 1) (1 + 01)

(-Bilz)* < (;) (Bilz +v1 + 1) (1 +61)

[Bl(Nl — Il — E1 — Rl)]2 < <z1))> (61f2 —+ 11 +,u1) (62f1 + U2 + OZQ) s (61)

[ﬁz(Nz - jzr < (ilﬁ) (Yo + 1 + p1) (Boly + po + ) |

(B112)? < <:1))> (Bilz +vi + 1) (1)

(B211)* < (g) (Boy + i + ) (L(Sjgfl)> ;

1= soMan)* < (3) ) (55 )

(—an)? < (;) (o + o1 + 1) (pa)

then Mg(El,fl, Rl,Nl,fg, 1\72) is globally asymptotically stable with respect to the all solution initiating
in the positive orthant.

Proof. Let us consider the following positive definite function about Mg(El, fl, Rl.Nl, fg, Ng)

1 . \2 1 ~\2 1 L \2 1 N2
V(El,h,Rl,Nl,Iz,Nz):§(El—El) +§(11—11) +§(R1—R1) +§(N1—N1)

1 N2 . o N
+§ (Ig—]g) +(N2—N2—N210g]\7_z> .

Now, differentiating above equation with respect to t we get,

Yo(mon) By (non) B (rh) B (o)
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After some algebraic manipulation and considering functions,

1 1
(L(N1)7L(z\71)> S
) =4 ey e

_ LN o
B N, = N

Then by using assumptions of the theorem and the mean value theorem we have,

p
In(N1)| < 72z

derivative of V i.e. V can be written as the sum of the quadratics,

dV 1 .\ 2 . R 1 2
— == E—E)+ (E —E) (I—I)—f (I —I)
ar 4a11( 1 1 a12 1 1 1— 1 g a2\ —h

—iam (I1 - j1)2 + ass (I1 - f1> <R1 - R1) - %azzs (R1 - R1>2

1 2

— 5033 (R1 - R1)2 + a3 (El - El) (Rl - R1) - iau <E1 - E1)
—ian (E1 - E1)2 +ais (El - El) (Nl - N1) - %a44 (N1 - N1>2
—iau (E1 - E1)2 +as (E1 - E1> (12 - f2> - %%5 (12 - j2>2

1 A\ 2 A ~ 1 ~\ 2
—30s5 (12 - Iz) + ass (Il - 11) (12 - 12) — 7022 (I1 — I1>
1 A\ 2 ~ ~ 1 ~ N\ 2
—3055 (12 - IQ) + ase (Nz - NQ) (12 - 12) — 6 (N2 - Nz)
1 2 R R 1 N2
5044 (Nl - Nl) + as (Nl - Nl) (NQ - Nz) — 3066 (N2 - N2)
1 N\ 2 . R 1 N2
—5044 (Nl_Nl) + a24 (Il_Il) (Nl_Nl) —Zazz (11—11) .
Where, a1; = (ﬁ1f2 +u +,u1) y a2 = (Yo + o1+ 1) , ass = (u1 +61)
a3 = (—51f2) 14 = (51f2) a5 =01 (N1 —E1—Ii —Ry) ,

az = (70) ;a24 = (—on) a5 = B2 (N2 — I)

asa = (1) ,ase = (52f1) ,a55 = (52f1 + p2 + ag) )

age = (L(S]%)> aig = (Vl - 51f2) sas6 = (51— SoNan(N1)) -
1

After maximizing the L.H.S and minimizing the R.H.S of the inequalities given in (6.1), then the
term a15 , ass and asg can be written as 81N , B2No and sq. Then sufficient conditions for 4 to be

dt
negative definite are,

1 1 1
(alz)2 < (4) a1l a2 7(a23)2 < <2> Q22 G33 7(013)3 < (2) ail ass ,
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1 1 1
(CL14)2 < <3> a1y G44 ,(a15)2 < <3> aii ass 7(1125)2 < <3) agz ass , (6.2)

2 2 1
(a56)2 < (3> as5 A6 ,(a46)2 < 3 Q44 Q66 ,(a24)2 < 3) a22 a44 -

7. Numerical simulation

In this section, we present numerical simulation to explain the applicability of the result discussed
above. We choose the following parameters in model (2.3) are, A = 10, p; = 0.8, 81 = 0.009, a; = 0.011,
B2 = 0.015, s = 5, 1 = 0.8, ag = 0.001, pus = 0.001, 9 = 0.09, Ly = 80, L; = 0.05, s1 = 0.001,
01 =0.05

9 Darbose
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F.igure 5: Variation of infective human population for Figure 6: Variation of total human population with
different sy infective human population.

With these values of parameters, it can be checked that the interior equilibrium M3 exists and is given
by,

Fy =2.9013, I, = 2.5760, Ry = 0.2728, Ny = 12.4646, I, = 76.8161, Ny = 80.7920.

The eigenvalues of the variational matrix corresponding to the interior equilibrium of the model are

—5.01046462781, —0.8098302564, —0.1527458690, —0.0396957935, —1.755461224, —1.405230899.

Since all the eigenvalues are found to be negative, the interior equilibrium is locally asymptotically
stable for the above set of parameters. Again with the set of parameters given above it can be verified
that the conditions (5.1) and (6.1) in theorem (5.1) and (6.1) is satisfied. This shows that Mj is locally
and globally asymptotically stable respectively.

The results of numerical simulation are displayed graphically in Figs. (1-2) the effect of various
parameters, i.e. A and 7 on the infective human population have been shown. It is noted that these
figures that as these parameter value increase, the infective human population increases and decreases
respectively.

In Figs. (3-4) shows the effect of various parameters, i.e. role of 82 and L; on the infective human
population. It is noted from that these figures that as a parameter increases, the infective human
population increases. Also Fig. (??) show the effect of parameter s; on the infective human population.
It shows that if value of the parameter s; increases, the infective human population increases. Simulation
is performed for different initial positions in figures (6-7) to display global stability of the system. From
these figures, it is clear that all the trajectories starting from different initial starts, reach the interior
equilibrium Ms3.

8. Conclusion

We analyzed a system of the ordinary differential equations model for the transmission of malaria,
taking four variables for humans and two variables for mosquitoes. We showed that there exists a
domain where the model is epidemiologically and mathematically well-posed. We proved the existence
of an equilibrium point with no disease. We define a reproductive number, Hy, that is epidemiologically
accurate in that it provides the expected number of new infections (in mosquitoes or humans) from one
infectious individual (human or mosquito) over the duration of infectious period, given that all other
members of the population are susceptible. We showed that if Hy < 1then disease-free equilibrium point
is locally asymptotically stable, and if Hy > 1,then disease free equilibrium point is unstable. We also
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Figure 7: Variation of total mosquito population with infective mosquito population.

prove that an endemic equilibrium point exists for all Hy > 1 and it is locally asymptotically stable.
The criteria for global stability of an endemic equilibrium are also obtained. It is concluded from the
computer simulation that if the constant immigration rate and the recovery rate coefficient of the human
population increases, then the infective human population increases and decreases respectively. Also,
when the interaction coefficients of susceptible mosquito with infective human class and the growth rate
coefficients of mosquito population increases, then the infective human population increases.

References

[1]
2]

=

WHO, “World malaria situation in 1994 (weekly Epidemiology Record)”, vol. 72, 1997, pp. 269-292.

PCC Gamhan Malaria parasites of man: life-cycles and morphology (excluding ulterastructure). IN W.H.
Wernsdorfer and placel. McGregor (Eds).

R. Ramlogan Environmental refugees: A review, Environ. Conservation 23 (1996) 81-88.

F. Brauer, P.van den Driessche, Models of transmission of disease with immigration of infectives, Math.
Biosci. 171 (2001) 143-154.

G. Li. W. Wang, Z. Jin, Global stability of an SEIR epidemic model with constant immigration, Chaos
solitons Fracrals 30 (?7) (2006) 1012-1019.

J. Zhang, J. Li, Z. Ma, Global dynamics of an SERIR epidemic model with immigration of different
compartments, Acra Math. Sci. Ser. B 26 (3) (2006) 551-567.

S. Singh, J.B.Shukla, P. Chandra, Modelling and analysis the spread of malaria: Environmental and ecolog-
ical effects, J. Biol. Syst. 13 (1) (2005) 1-11.

M. Chitnis, J.M. Cushing, J.M. Hyman, Bifurcation analysis for a mathematical model for malaria trans-
mission, STAM J. Appl. Math. 61 (1)(2006) 24-45.

J. Tumwiine, J.Y.T. Mugisha and L.S. Luboobi. On oscillatory pattern of malaria dynamics in a population
with temporary immunity. Computational and Mathematical Methods in Medicine, 8 (3) : 191-203, 2007.
S. Singh, J.B.shukla and P. Chandra, Modelling the spread of malaria: Environmental Effects, Mathematical
Biology Recent Trends, pp.289-291.

9 Darbose



	Introduction
	The Mathematical Model
	Region of attraction
	Equilibrium Analysis
	Existence of M1 (0,0,0,1 ,0,0)
	Existence of M2 (0,0,0,1 ,0,2 )
	Existence of M3 (1 ,1 ,1 ,1 ,2 ,2 )

	Local Stability Analysis
	Global Stability
	Numerical simulation
	Conclusion

