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A MODEL OF THE DYNAMIC OF
TRANSMISSION OF MALARIA,

INTEGRATING SEIRS, SEIS, SIRS AND SIS

ORGANIZATION IN THE
HOST-POPULATION

J.C Kamgang'+$% and S.Y Tchoumi®'3

Abstract In this paper, we propose and analyse a model of dynamics trans-
mission of malaria, incorporating varying degrees p of susceptible and 7 of
infectious that makes the dynamic of the overall host population integrate
SEIRS, SEIS, SIRS and SIS at the same time. For this model we compute a
new threshold number ¢ and establish the global asymptotic stability of the
disease-free equilibrium when Ro < ¢ < 1. If { < Ro < 1, the system admits a
unique endemic equilibrium (EE) and if Ro > 1 depending on case the system
admits one or two endemic equilibrium. Numerical simulations are presented
for different value of Ro, based on data collected in the literature. Finally,
the impact of parameters p and 7 of system dynamics are investigated.

Keywords Epidemiological model, malaria, basic reproduction number, global
asymptotic stability, non-standard finite difference scheme (NFDS), simula-
tion.
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1. Introduction

Malaria is a major cause of mortality and morbidity in the tropical and sub-tropical
areas of the world. It is the worlds most prevalent vector-borne disease and remains
among the most devastating diseases in human history. One of its main agent vector
is the Plasmodium falciparum malariae, common in the tropical and sub-tropical
areas of the globe. It is estimated that the number of cases of malaria rose from 233
million in 2000 to 244 million in 2005 but fell back to 225 million in 2009, and the
number of deaths have decreased from 985 000 in 2000 to 781 000 in 2009 and 627000
in 2012 (WHO [13]). At the end of the 2013 rainy season, in the far north region
in Cameroon, despite the higher advertisement relative to the used of the MILDA
(“Moustiquaire Imprégnée a Longue Durée d’Action”) that have been largely dis-
tributed to peoples, there have been an epidemic of malaria which resulted to the
death of a proportion of infectious cases (WHO [14]). This and many other fact to
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be numbered are mere justification of the fact that the deepness of the complexity of
vector borne diseases is still to be reached. Starting from the basic Ross-MacDonald
models (see, e.g.,Ross [11] and Macdonald [9]) there are always model of the trans-
mission of malaria that take into account host — population, structured by immune
status(see, e.g.,Zongo [15]), where the host are described by one population, divided,
into a non-immune SEIS sub—population, a semi-immune SEIRS sub-population.
The removed state of the semi-immune sub—population is joined, by materials of the
non—-immune infectious material that have acquired sufficient immune disposition.
Chitnis 4] has considered one host population structured in SEIRS organization,
with an account taken in the recruitment and the mortality that are linear function
of the host and vector population; there is also another work of (see, e.g.,Chitnis
etc [b]) that makes open the way to the consideration of a dynamical model of the
entomological inoculation rate (EIR); this paper has gain a hight improvement in
the analysis by Anguelov etc [2]. In this review, the vector population is in the
SEI-compartment organization. Recent proposition has been made by Kamgang
etc |7] working on the modeling of the use of the bed net as protecting measure
against bites of mosquitoes in an endemic area. Their model is made up of one
population of vectors organized in a way such as to take in account their activity
as vertebrate parasite, and the host is divided into multiple sub—population, each
in the SIS organization. In this work, we make a new proposition of the model of
a dynamic transmission of vector borne disease that can enter the family of model
of Chitnis [4] and Zongo [15], with a new description of the host population in the
model. We integrate SIS, SIRS, SEIS, and SEIRS organization into a single
host population. There are single compartment S, F, I, and R in the host popula-
tion, and different rate of movement from one compartment to another such as to
have the result of the co-existence of the organization numbered here above. The
classical consideration would have been to introduce various sub—populations, each
respecting one of the above organization. Our motivation in this modeling lays on
difficult sub—division of host into sub—population.

The paper is organized as follows. Section [2| describes our model and gives
the corresponding system of differential equations. Section [3| establishes the well-
posedness of the model. The equilibriums of the system are calculated, and a
threshold condition for the stability of the disease free equilibrium (DFE) is cal-
culated. Section [4] analyze the global stability of DFE. Section [| present the Non
Standard Differential Scheme of the model and the graphs of trajectories.

2. Model description and mathematical specifica-
tion

The human and mosquito populations are homogeneously mixed. In the follow-
ing subsections, we provide a detailed description of the population structure and
dynamics of hosts and vectors.

We propose a compartmental model of malaria transmission in which we have
two populations namely hosts (humans) and the vectors (female Anopheles).

2.1. Host population structure and dynamics

The host population is subdivided into four compartments namely: susceptible,
infected, infectious and immune. Let oy, denote the incidence rate of infection of
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susceptible humans, p the proportion of susceptible that becomes infected and 7 the
proportion of infected that becomes immune, ~ the rate of loss of immunity, d;, the
rate of transition for infected to infectious and 7 the rate of transition of recovery.
When an infected mosquito bites a susceptible host, it can become infected with a
rate pap, and after infectious at rate J, or directly infectious at rate (1 — p)ap,.
Once it is infectious, it can become immune to a ¢ rate and after susceptible at
rate y or become directly a susceptible at rate (1 — m)&.

bi
(1-mE
| |
Ay Sh ‘?échv Eh 8h Ih IE Rh
lu l K 7 J Wt d l M
T,
AV Sv (xth;“'. Ey SV IP

Figure 1. compartment flow diagram.

2.2. Mosquito population structure and dynamics

The population of vectors is divided into the three compartments namely: sus-
ceptible, infected and infectious. Let .} denote the incidence rate of infection of
susceptible vectors, &, the rate of transition for infected to infectious. Following
a bite of a healthy mosquito on an infectious or immune human, mosquitoes can
become infected with a ayp, rate. Thereafter it becomes infectious to a rate §,.

The overall dynamics of the mosquito population and human population is de-
picted in the multi compartment diagram in [I[] The fundamental model parameters
are summarized in Table |1} while derived parameters are summarized in Table
and variables are summarized in Table [3

2.3. Model equations

The diagram flow is resulting in the following equations:

S = An + Ry + (1 — )&l — (11 + ony) S,

E;, = ponySh — (1 + 01) En,

I,; =0pEn+ (1 —p)ap,Sp — (p+d+ &I,

Ry, = w€ly — (u+ )R, (2.1)
Sy = Ay — (110 + @un) Sy,

E, = aunSy — (80 + f0) B,

’

I, = 6va - ,uv[v-

v




A model of malaria transmission

691

Table 1. fundamental model parameter

Parameter

Description

human

LT M =
s =

Q

m

p
™

immigration

rate of lost of immunity

rate of transition for infected to infectious
rate of recovery

death rate

disease-induced death rate

number of bites on humans by a single female
mosquito per unit time

probability of transmission of infection from
infective mosquito

proportion of susceptible going to exposed state
proportion of infectious going to immune state

Mosquitoes
A,
o
dy

C

immigration

death rate

rate of transition for infected to infectious
probability of transmission of infection from
infective human

probability of transmission of infection from
recovered human

Table 2. Derived model parameters

Param.

Formula Description

Qyh

Qyh

a(cly + ¢Ry)

incidence rate of susceptible mosquitoes

incidence rate of susceptible human

Table 3. Variable of model

Variable Description

humans

Sh Number of susceptible human
Ey Number of infected human

I Number of infectious human
Ry, Number of immune human

mosquitoes

Sy Number of susceptible mosquitoes
E, Number of infected mosquitoes

I, Number of infective mosquitoes
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3. Well-posedness, dissipativity and equilibriums of
the system

In this section we demonstrate well-posedness of the model by demonstrating in-
variance of the set of non-negative states, as well as boundedness properties of the
solution. We also calculate the equilibriums of the system.

3.1. Positive invariance of the non-negative cone in state space

The system (2.1)) can be rewritten in the matrix form as

Xs = Ag(x)(xs — x5) + Agr(x)x7,

%X =A(x)x + b(x) < { .

Xr :A[(X)X]. (31)
Equation is defined for values of the state variable x = (xg;x7) lying in
the non-negative cone of RZF. Here xg = (Sh,S,) represents the naive component
and x; = (Ep, E,, I, I,, Ry) the represents the infected and infectious components
of the state of the system.
The matrix Ag(x), Agr(x) and Aj(x) are define as

o 0 0 (1—m) fazsh y
AS(X) = < 0 it ) ) ASI(X) = 0 0 acSy, 0 h acs,
TN, N,
and
apmSh,
—(n+96 0 0 0
(1 + 0n) Nj,
acS, acs,
0 _(5'0 + UU) Nh 0 Nh
A](X) = 1-— S
5 0 —uedre LTDEmS
Ny
0 61) 0 Mo 0
0 0 & 0 —(n+)

(3.2)

For a given x € R”, the matrices A(x), Ag(x) and A;(x) are Metzler matrices.

The following proposition establishes that system (5.4) is epidemiologically well
posed.

Proposition 3.1. The non-negative cone Ri is positively invariant for the system
E4)-
3.2. Boundedness and dissipativity of the trajectories

We have the following proposition.
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N, N, N,
Proposition 3.2. Let Nf = — Ny = =% N# = I
I Foo p+d
G = {(Shs o Eny oy In, I, ) € RL | NFF < Ny < Nj, 8o+ By + 1, < Ny |
The set G is GAS for the dynamical system of (2.1)) defined on R7,.

Because G is GAS we reduce the study of system (2.1)) from Rl to G.

and

3.3. Computation of the threshold condition

Theorem 3.1. The basic reproduction number is given by

Ry ] \/(u(l—p)+6h><a7r£+c<v+u>)avma28;:sz

TN\ G+ (v + )G + ) (d+ £ )

_ \/a2m§UuAv [1(1 = p) + 0n) (€m& + c(y + 1))
P2AR(Oh + 1) (Y + 1) (G0 + po)(d + p+€)

(3.3)

Proof. To prove it we use the next generation operator method proposed by
Diekmann & Heesterbeek [6] and Van Den Driessche & Watmough [12]. In the
disease free equilibrium of the system ({2.1]), we have the following matrix

o
0 0 0 (mﬁ} h 0
S ac S ac
. 0 0 N 1 OS* -
=lo o o Umhem o
h
0 0 0 0 0
0 0 0 0 0
—(0p, + 1) 0 0 0 0
0 —(6y + o) 0 0 0
V= on 0 —(d+p+¢) 0 0 ,
0 Oy 0 — by 0
0 0 € 0 —(v+u)
Sy ad, mp - Spamp
0 - (&u-ﬁuv)N;uv 0 J\hf;uv 0
S*aé
I21 0 f23 0 T
FV—t= (p—1)S}ad,m (p—1)Spam
0 (6+M,U)]N;;uu 0 N;th 0
0 0 0 0 0
0 0 0 0 0
where
S;aé(;hﬂ'f S;‘jacéh
fa1=—

On+m)(y+m(d+p+mENE  (n+p)(d+p+EN;
and
Shacmé Srac

s = A hF ON; @ ptON
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U [ ) )t el + )duma Sy S;
Ro=olFV 1)‘N;;\/ il £ R+ 1) )t O

3.4. System equilibria

Steady states of the system are specified by the following proposition.

Proposition 3.3. System (2.1) admit one disease free equilibrium given by x* €

RZF where x* = (%, A’“,QO,O,O,O).
IR

Proposition 3.4. Suppose that acy — 2dp, > 0, the system (2.1) has:

1. a unique biologically feasible endemic equilibrium x* if Rg < 1.
2. a unique biologically feasible endemic equilibrium x* if Ry = 1.

3. two biologically feasible endemic equilibrium x% and x5 if Ro > 1 and A% —
4A2A0 > 0.

4. no endemic equilibrium otherwise.

with I} the positive solution of the equation Asx?® + A1z + Ag = 0 and the other
components of X* is given by:

R = ﬂf * * AU(M+7)(Ah - dI}t)
h — h» v A _ d]* I* ~ 9
pty po (4 7)(An = dIy) + aplj(c(p +7) + en)
E* — CL/,L(CI;: + éR;L) * I* — 57UE*

! (Ah_dlit)(av'i'/‘v) v ! T
oo (= dI) (A + 9By + (1= L]
h p Ay —dIf + aml})

ppam
. Ef = IS},
" (A —d)(pt0n) "

Proof. The endemic equilibrium point is all point (S}, Sy,
Q) that satisfy:

E;, Ex It I* RY) of
Ap + Ry + (L= m)El; — (p+ any)Sj; =0,

pony Sy — (p+0p)Ef; =0,

onEh + (1= planySy, — (n+d+ &I =0,

mly — (u+7) R}, =0, (3.4)
A, — (;uv + avh)*g: =0,

Sy — (0y + po) By = 0,

0E, — puIy =0.
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Ah+vR;+<1w>m(u+ ”)s;:o,

amly
p N*
h

Si— (+62)Ef =0,
amlI’
N;
&l — (p+7)R;, =0,

A, - (M 4 acli + aclty taéR;L) S =0,
Nh

nEr 4+ (1 —p)

Sp—(p+d+8I; =0,

acl} + acRj
Ny
0 EF — py Iy =0.
T
Rh - /L—f—’y h»
G Ay(p +7)(Ap — dlf)
U pe(p ) (A = dIE) + apdf(c(p + ) + én§)’
o ap(clp +CRp)
U (A dI};) 0y + po) "
= S (3.6)
o

v

(An — dI3) [An + B, + (1 = mel;)
Ay —dIf + amly]
pl'l'a'm * Q*
I'US )
(Ap = dIF)(u+0) 7"
(1 —plapmI;Sy
Ay — dI}

S: - (511 + ﬂv)E: =0,

?

S =

*
Eh*

ShE} + —(u+d+EI; =0.

Let us set the following parameters

Az = pyd(p+ 0n) (o + 80) (v + p) (1 + d + &) [(v + ) (ape — dpy) + apéré)],
Ay = — (p+ 6p) [Anpn€ (v + 1) (1o + 00) (v + p) (acp — 2dpy, ) + aépm(d + 1))
+ (1 + d) (1 +9)* (Anpio (o + 60) (acp — 2dpy) + a®cdympd,)
+ a?S,mmpéN, (Ed(y + p) + &y + (1 + p) + (1 + p))]
+a?6,mppEle(p?(1 = p) + (2 + m) +7) + erhy (u(1 = p) + 7)),
Ao = AZp2 (v + 1) (On + ) (6, + o) (d + p+ ) (R — 1) = Ag(RE — 1),
By = —puyd(po + 60) [(v + p) (apc — duy) + aperé)]
By = Mg (i + 60)[(v + ) (acp — 2dpy) + aémpé] + a*Sympdy[e(y + p) + érl,
Bo = Appd (o + 60) (v + ),
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(1 —p)apmI*S*

* — d I*=0
onE™ + A, _dlr (u+d+¢§)
I*(AoI*” + A T* + Ap) B

(v + p) (1 + 03) (B2 I** + By I* + By) (3.7)

=T =0 or Ayl + A" + Ag =0
A A

I* — I* 7[* A

<= 0 or + A + A 0

A A
Because IF # 0, we are interested in the function f(I}) = I} + A—lfi*L + A—O.
2 2
f(Ip) is a polynomial function to find its roots, let us use the concept of sum
and product. Indeed,
A A
fI) =1 —=SI; + P,S = ==L and P = =2 (
Asy As
fI) =01} - SI; + P =0.

As > 0and Ay <0),

1. If Ry < 1 then Ay < 0. In this case S2 — 4P > 0 and P < 0 therefore there
exists a unique positive solution to the equation f(I}) = 0.

2. If Ry = 1 then Ay = 0. In this case, P = 0 then the equation f(I}) = 0 has
a unique positive solution if A; < 0.

3. If Rg > 1 then Ag > 0. In this case, P > 0. So there are two positive solutions
to the equation f(I}) =0 if S —4P > 0.

O

4. Global asymptotic stability of the disease free
equilibrium (DFE)

In this section we analyze the stability of the system equilibria given in Proposi-
tion 3.3

We have the following result for the global asymptotic stability of the disease
free equilibrium:
1
Theorem 4.1. Let ( = (ﬁ *and G = {x € G :x # 0} a positively invariant
space. When Ro < (, then the DFE for system (2.1) is GAS in the sub—domain
{x e g :x; =0}

Proof. Our proof is based on Theorem 4.3 of Kamgang & Sallet 8] , which estab-
lishes global asymptotic stability for epidemiological systems that can be expressed
in the matrix form (5.4). We need only establish for the system that the five
conditions (h1-h5) required in Theorem 4.3 of Kamgang & Sallet [8] are satisfied
when Rg < (.

(h1) The system (£2.1)) is defined on a positiveily invariant set R”. of the non-negative
orthant. The system is dissipative on G.
Sp = Ap, — puSh,

h2) The sub-system xg = Ag(xg,0)(x—x%) is express like: ;
(1) ystem s = As(xs.0)(c-xg) s express s { g 7 1%
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Ay A,
the linear system which is GAS at the DFE (h7 ) . The DFE, satisfying
o By
the hypotheses Hs.
(h3) The matrix Aj(x) given by (3.2]) is Metzler. The graph shown in the figure
below, whose nodes represent the various infected disease states is strongly
connected, which shows that the matrix A is irreductible.

4
In this case, the two properties required for /<
condition (hs) follow immediately: off-diagonal .
terms of the matrix Aj(x) are non—positive; and \/>\/
Figure [2] shows the associated direct graph
G(A1(x)), which is evidently connected, thus ’

establishing irreducibility. Figure 2. graph associated to
the matrix Aj(x)

1 1
(h4) Knowing that ~E > N Sy > Sy and S} > S, we obtain the upper bound
h

_ h
A; of Aj(x) given by:
< M N
s )
with
(et dm) 0 0
acS;,
M = 0 —(0y + piy) NE ,
on, 0 —(p+d+¢)

_ 0 61} 0 _ —Hwv 0
F= 0<wa)“Q‘( 0 m+w>’
r for all x € G and Af(x*) = Ay for all x € G condition (h4) is

F
®
A
pd

satisfied.
(h5) a(A;) <0<+= a(Q — PM~IN) <0.
After one iteration we have
T=Q—-PM !N
a?5,emSE (p
(1 =+ 0n) (1o + 0v

1—p)+dn) B adcSy
CErp+a)NF M (0, +0,)N#

(
)

amm&(p (1 —p) + o)
)

(n+om)(u+d+9) —r+m

The second iteration gives

2

a(Ar) <0< Ry < </¢id> . Since the five conditions for Theorem 4.3 of

Kamgang & Sallet [8] are satisfied, the DFE is GAS when Rg < <M> O

w+d
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5. Numerical Simulation

5.1. A Nonstandard finite difference scheme

For the numerical approximation of our model, we use the nonstandard finite
difference (NSFD). We replace the continuous time variable ¢ by discrete nodes
t, = nAt,n € Z where At is the step size. We wish to find approximate solutions
of Sy, , By , I, Rn , Sy , By and I, denote S}’ , B}, I} , Ry , Sy, B} and I}
at the time ¢ = t,,. A major advantage of having an exact scheme for a differential
equation is that questions related to the usual considerations of consistency, stabil-
ity and convergence do not arise (see, e.g., Mickens [10]). Our NSEFD scheme reads
as:

W = Ap + Ry + (1 — )&l — Sy — ap, Spt,
W = paj, Sptt = (u+ 6n) Ef,
W = 0B} + (1= paf, Syt — (u+d + I,
W =7l — (n+7) Ry, 5.1)
W = Ay — S — S
W = ap Sy = (60 + ) B,
n+l _ n
W =0,E — I

Since in the non linear terms are approximated in a non local way by
using more than one mesh point and the standard denominator At of the discrete
derivatives is replaced by a more complex positive function ¢(At) which satisfies
the condition:

$(At) = At + O((At)?),

—hAt
<¢ (At) = ———— with h=maX(u,qu5h,u+d+£7u+%uv,uv+6v)>.

(5.2)) is called a nonstandard finite difference method.(see, e.g., Anguelov & Lubuma
[1,13], Mickens [10]).
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This system can be rewrite as follow

S"H %[Ah +yRy+ (1 —7m)EIP] + %Sﬁ,

Byt =¢(At)pag, Syt + [L— o(At) (1 + 6n)]Ej,

L =¢(A)ORE} + (1= p)ag, Sy + [1 = (At (n+ d + ]I},

Ry =¢(At)mel; + [1 — ¢(At) (1 + 7)) Ry, (5.2)
n+1 _ ¢(At)/\v 1- Mu¢(At)

v 14 ¢(Atar, 14 ¢(At)ar, Y
By =¢(A)al, Sy + (1= oA @y + )] B,
I'ZH_l :(ﬁ(At)&,Eg + [1 — (ﬁ(At)Mv]IZJL

st = LTHOAD o gy LA yRE 4 (1 - merp] +

: A
1+ af, d(At) 1+ ajp, o(At)

At) A
Sn+1 MU¢( Sn o S* + v ,
X e LG Rw ey
Eptt *¢(At)pam5”+l + [1 — ¢(At) (1 + 6n)| B},
L =¢(AD)[0LE} + (1 — p)ag, SpH + [1— (A8) (u + d + I,
Ryt =¢(At)TED + [1 — ¢(At) (1 + )| Ry,
Eytt =¢(At)ay 5”“ + [1 = o(A) (60 + po) | EY,
I =¢(A1)6, By + [1 — (At ] I
(5.3)
xgH = Ag(x")(x" —x*) + Agr (x")x},
n+1 n+1 n (54)
X7 = Ap(xgT)x].
with
T
Xn+1 (Sn+1 _ A Sn+1 _ AU )
5 Pooou(ltoap,) " me(l+oay,))
n+1 (En+1 En+1 ITL+1 I’rLJrl Rn+1)
1—
o
Ag(x") = T 1— o |
0 1+alo
w0 (00 (1-mE 0 4
AS’(X)HQ;;JU(O 0 0 00
and
A (xET) = diag(v(xeth)) + Ar(xgt)
with

vxe) =1 —o(u+6n), 1 =0 +p), 1 —o(p+d+§), 1 —opy, 1 —o(p+7))
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and
apam ., .1
0 0 0 S 0
Np TR
oac oac
0 O 75”-1—1 0 Sn+1
Np©h Np©h
A](Xn+1) — 1
g i o 2 N; Jam gnir
0 JS;LJFI 0 0 0
0 0 omé 0 0

where o = ¢(At)
We will use the data in the following table for our simulations.

Parameter = Range

humans

Ay, 103 /(60 x 365) — 103/(50 x 365)
vy 0.00055 — 0.0027

on, 0.08 — 0.1

£ 0.0035 — 0.0037

I 1/(60 x 365) — 1/(50 x 365)
d 1.8 x 107° — 3.4892 x 10~*
a 0.30 — 0.56

m 0.0018

P variable

m variable

Mosquitoes

A, 10%/30 — 10%/21

b 1/30 —1/21

c 0.24 — 0.8333

c 0.024 — 0.08333

5.2. Figures of trajectories of significatives components of the
states

To illustrate results in this work, the system is simulated using parameters
value/range in the following table We see by observing the figures and
that when 7 is fixed the variation of p does not influence the level of endemicity
in the population. This means that when we increase the proportion of susceptible
becoming infected, the level of endemicity does not vary, so this increase does not
affect the level of endemicity. Value of I} to equilibrium for 7 = 0.8 is lower than
that for m = 0.2. So the change 7 influences the level of endemicity.

Figures and @ when they show to us is that if p is fixed and 7 varies, the
level of endemicity decreases when 7 increases which means that the increasing the
proportion of individuals who become removed positively influence on the lower
level of endemicity.
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Infectious hosts 900 | Infectious hosts
—p=0.2 —p=02
-p=04
[ L -p=0.6
500 800 -p=0.8
700
400
600 [~
- = 500 -
300
400
200 300
200
100
100
o 16000 200 30000 36000 o 10000 200 y 30000 56000

00
time (days)

Figure 3. infected host for various values of p and
T =0.2

00 30
time (days)

Figure 4. infected host for various values of p and
m=0.8

T .
Infectious hosts
=n=02

1000 T T =
Infectious hosts
=02

—7=04
—r=06
[y

e &

time (days)

Figure 5. infected host for various values of 7 and
p=0.2

o 10000 20000 30000 40000 50000

10000 20000 30000 40000 50000
time (days)

Figure 6. infected host for various values of 7 and
p=20.8

In the following figures, we have fixed all parameters and varies p and pi in order
to make our human population predominantly SIS, SIRS, SEIS, and SEIRS;
this to identify the dynamics that would provide a minimum level of endemicity.

Infectious hosts

10000 20000 30000 40000 50000
time (days)

Figure 7. Infected human in SIS dominant
population (p = 0.1 and © = 0.1)

Infectious hosts

=h,

600 - |
by
=hy
=l

500 - b,
=1,

400 [

300 [N~

200 I

100

10000 20000 30000 20000 50000 60000
time (days)

Figure 8. Infected human in SIRS dominant
population (p = 0.1 and 7= = 0.9)

By observing @), , @[) and , we find that the smallest value of Ij, equi-
librium is reached when the population is predominantly STRS or SEIRS which
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Figure 9. Infected human in SEIS dominant Figure 10. Infected human in SEIRS domi-
population (p = 0.9 and © = 0.1) nant population (p = 0.9 and = = 0.9)

shows once again the importance of premunition in the fight against malaria. Since
this premunition is obtained after exposure to repeated bites of Anopheles females
and the trend is to advise the hoods of using impregnated bed nets, so we advise
all users to the very serious not to be rather more vulnerable.
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