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ABSTRACT
Malaria remains a major threat in many part of the tropical and subtropical region of the world, even though
significant effort have been implemented with the used of Insecticide-treated net, the disease remains
chronic. In this work, we used nonlinear mathematical model to study the transmission dynamics of malaria
disease. An insecticide- treated net control strategy was incorporated, using system of ordinary differential
equations, A basic reproduction number was determine from the disease free equilibrium (DFE) and it was
found that, the model is locally asymptotically stable when the associated reproduction number is less than
unity. Numerical simulation was carried out and findings were displayed graphically. It was found that
insecticide -treated net has a significant impact on malaria transmission.
Keywords: Insecticide- Treated Net, Associated Basic Reproduction Number, locally asymptotically Stable,
ODE, Parasites

1.0 INTRODUCTION deaths (31.3% of global malaria deaths) in 2021
1.1lIntroduction to the problem (United to beat malaria, 2022). Nigeria malaria cases
Malaria is a life-threatening disease endemic in many | was at level of 313.8 cases per 100 000 people in
African countries. It is transmitted when an infected | 2020, up from 300.4 cases per 100 000 people in
female anopheles mosquito bite a susceptible human | previous year, this is a change of 4.43% (WHO,
[Temidayo et al 2022]. The parasite inform of a | 2022).

sporozoite is injected into the blood stream and that is
where infection started, and can also be transmitted | However the economical burden for households
through blood transfusion and contaminated needles. | includes personal expenditure which includes
Infections by malaria parasites may result in a wide | spending on insecticide-treated net ITN, doctor's
variety of symptoms, mild symptoms are fever, chills | fees, antemalaria drugs, transport to health facilities
and headache. Severe symptoms include fatigue, | etc.

confusion, seizures, and difficulty breathing. In
general, malaria is a curable disease if diagnosed and | The malaria burden as (Kalula. et al, 2021) depend
treated promptly and correctly (CDC, 2021). The latest | on the age-structure of the human population as
world malaria report, released in 2022 shows | children under five years old bears more burden
that there were about 247 million malariacases | than adults (WHO, 2019) Since they have not
in 2021 compared to 245 million cases in 2020. In | developed immunity to infection (Abid et al 2013 and
2021, 617 000 people died of malaria compared to | Agusto et al 2012).

62500 in 2020, most were young children, in sub-
saharan Africa, 608,000 malaria deaths occurred in | Sessional Malaria Chemoprevention (SMC) is ’the
2022, with 95% of them occurring in the African | intermittent administration of full treatment

Region. (WHO, 2022). administration of full treatment of anti-malarial
medicine during the malaria season to prevent malaria
Children are mostly affected, where the large majority | illness with the objective of maintaining therapeutic

of malaria deaths occur, the victims are chiefly young | drug concentrations in the blood throughout the period
children, and the main vectors such as Anopheles | of  greatest  malarial  risk”’.(World  Health
gambiae preferentially bite humans at night, indoors | Organization(WHO, 2019; World Malaria Report,
and rest inside the home. In many of the highest burden | 2019). Mathematical model have been used to study
malaria-endemic countries, Plasmodium falciparum | the impact of Insecticide Treated net on the
transmission is strongly seasonal.(Thomas 2024). transmission dynamics of malaria. An insecticide
control strategy was incorporated, using system of
According to 2022 malaria report, Nigeria has the | ordinary differential equations and established that the
highest number of global malaria cases (26.6% of | model is locally asymptotically stable when the
global malaria cases) and the highest number of | associated reproduction number is less than unity.
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2.0 METHODOLOGY
In this section, we formulated our model by first
introducing the model of Segun et al (2020).

WEBSITE: https://fugus-ijsgs.com.ng
Nv(t) = AV + SV + IV Nv(t)
()
2.2 The variables and parameters of the existing
model

Table 2.1 below shows the state variables and
parameters of the existing model with their descriptions

2.1 The existing model

The model at time t, denoted by Nn(t), is subdivided
into susceptible humans (Sy), infected humans (Iy) and
recovered humans (Rn). Thus, the total human

population is given by Table 2.1: variables of the existing model with their

N,(t) =S, + 1, + Ry () definitions

(1) Variable Description
Furthermore, the model at time t, denoted by Ny(t), is | S S“fscep“l;'e humans
subdivided into immature mosquitoes (Ay) susceptible Ith ge(e:gtfedre durTJarTans
mosquitoes (SV),anq mfgcte_d mosquitoes(ly). Thus, the A Immature mosquitoes
total vector population is given by s, Susceptible mosquitoes

Iv Infected mosquitoes

Table 2.2.1: Parameters of the existing model with their definitions

Parameters Description
Il Recruitment rate of humans
0 Per captial rate of loss of immunity in humans
Un Natural mortality rate of humans
Oh Rate of vaccinated humans
Ph Rate of waning vaccine or relapse rate  Recovery rate of infectious individuals
Wh Disease — induced death rate of humans
h Probability of effective transmission from human to mosquitoe
Bhv Probability of effective transmission from mosquitoe to human
Pun Contact rate of mosquito - human
e(b) Maximum mosquito biting rate
&(max) Minimum mosquito biting rate
&(min) Proportion of treated net usage
b Proportion of insecticide spray on the environment
q Modification parameter
n Egg deposition rate of mosquitoes
v Maturation rate of immature mosquitoes
Wy Natural mortality rate of mosquitoes
Yo Mortality rate of mosquitoes due to treated net
(uv(b) Mortality rate of mosquitoes due to insecticide spray
2.3 The equation of the existing model
©h = mth + 6Rh — Ah(b)Sh — phsh
4 = Mh(b)Sh — (wh + ph + 8h)lh
% — whih — (6 + ph)Rh
dA
- = ™(q) — (yv + pv(q))Av
% = yvAv — Av(b)Sv — (pv(b) + pv(q))Sv
S = W(b)Sv — (uv(b) + pv(@)Iv
@)
where, Figure 2.1: Flow Diagram of Existing Model
g(b) :Smax_b(gmax_gmin), IJ-v(b) = |J-v+|.1maxby for .
0<b<1 2.5 The Modified Model
7(q) =Tvmax—q(Tvmax—Towmin),  Mv(Q) = Py +HHmaxd, 2.5.1 The Variables and Parameters of the
for OSqSI Modified Model
Table 2.2.2 Variables of the modified model with their
2.2.1 The flow diagram of the existing model description __
Variables Descriptions
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Sh Susceptible humans
En Exposed humans
In Infected humans
Rn Recovered humans

Table 2.2.3: Parameters of the modified model with
their description

Parameters Description
Ay Recruitment rate for humans
Am Recruitment rate for mosquitoes
Bhv Probability of effective transmission

from human to mosquitoe
Bvh Probability of effective transmission
from human to mosquitoe

ap Rate of recovered humans
Up Natural death rate for humans
dn Developing rate of exposed

(humans)becoming infectious

8y Induced death rate for humans

Em Insecticide rate on mosquitoes

[T Natural death rate for mosquito

b Proportion of insecticide spray on the
environment

dm Developing rate of exposed

(mosquitoes)becoming infectious

2.4 Equations of the modified model

LN Ap — ApSp — upSn + anRy

= Sh— (Yn + b )En
= YnEn — (@n + 6n + uply

dRp

dt

dlp

dt
= qnlp — (@p +1r) Ry g 4)
h Amsm .umSm - gmsm
- (Qm + rum)Em - EmEm

- (fm + ﬂm)lm

dSm

e
dEym

A _
at
where

_ 5 bm
}\h_ﬁvhN

bl
}‘m_ﬁhv —&

mEm

®)
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Sv Susceptible mosquitoes
Ev Exposed mosquitoes
Iv Infected mosquitoes

With the total human population defined as

Npy=Sp +Ep + Iy + Ry, (6)
Taking the time derivative of (6) we get;
th dsh + %En dEp + %n dlp + 2Bn dRh (7)

dt dt dt dt
Substituting the respectlve values of (4) into (7) and

simplifying we have;

dnN
_h_Ah - Un(Sp + Ep + I + Ry) - 81y (8)
a

dth =Ap - upNy - 8p1p 9)
And =A< Ny, (10)

Invarlant region:

This region will be obtained by considering the
following proposition.

Proposition 1: the solution of the system (4) are feasible
for all t > 0 if they enter the invariant region.

I'={(Sh En I, Ry} €R*; Sy >0,E, >0,1, >0, Ry >

Proof: let e, = (S, En, I, Ry) be any solution of the
system (4). From equation (8) we can observe that, in
the absence of malaria induced death rate §,, = 0 we
have;

dN
d_thSAh'.uhNh 11)
Rearranging (9) we have;
Solving (10) we have ;
IF = @/ 1ndt = punt

dN
= e”htd—th + e”htﬂhNh SAhe”ht
> S (EHREN,) <A, EHnt
Integrating egn (12) with respect to dt we have
[ 5 (erntNy) < [ Aperntdt

e#thh(t) < ’i eknt 4+ C

dNp
ot THrNp =Ap

(12)

= Ny(t) < < oy Ce”hf (13)
Applying the initial condition N(0) = No in (13)
glves
No-—<C —C= No-— (14)
Substltute (13) |nt0 (12) so that;
Np(®) < < %+ (No - )e'“’” (15)
Solving (10) in the similar manner we have

Nin(t) = 7%+ (No - —) S (16)

Hence, T is a positively invariant set and solution
enters I in finite time or N,(t) — 2—h and Np,(t) —
h

A
T ast— oo
HUm

Thus, it is sufficient to consider the dynamics of
system (4) in T. In this region, the system (4) is
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considered as being mathematically and
epidemiologically well posed.

3.0 RESULTS AND DISCUSSION
The numerical simulation and discussion are
presented in this section.

3.1 Numerical Simulations

In this section, we present the numerical simulation of
our models. All the parameters used in this section are
displayed in Table 3.

Table 2.2.3:  Parameter values of the Modified Model
Equations
Parameters Values References
Ap 20 Mojeeb et al.(2017)
Ap 200 Mojeeb et al.(2017)
B 0.25 Segun et al (2020)
Bon 0.322 Segun et al (2020)
ap 0.0035 Mojeeb et al.(2017)
Un 0.01147 Mojeeb et al.(2017)
an 0.2 Linsday etal.(2021)
& 0.068 Linsday etal.(2021)
i 0.05 Mojeeb et al.(2017)
&m 15 Linsday etal.(2021)
Im 0.083 Otieno et al.(2016)
b 0.53 Okuneye et al.
(2017)
120 —  S— T
—— insecticide spray rate, §m= 0.2
insecticide spray rate, §m= 0.6
100 — spray rate, & = 0.9 |]
c
2w
°
a
g
% 601
g oorl
o)
c
T I
5 T e
0 40—
c ]
20
00 10 20 30 40 50 60 70 80 90 100
Time (day)

Figure 3.1: Varying rate of insecticide spray parameter

In Figure 3.1, we investigate the impact of insecticides
spray on malaria transmission. It was observed that the
higher the insecticides spray rate the lower the
transmission of malaria and vice versa
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Figure 3.2: Varying rate of biting parameter

In Figure 3.2, we also investigate the impact of
mosquito biting rate on malaria transmission. It was
observed that the higher the mosquito bite the higher
the transmission of malaria and vice versa.
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Figure 3.3: Varying rate of infectious parameter

In Figure 3.3, we simulate the infectious rate parameter
on malaria transmission. It was observed that the higher
the infectious rate parameter the higher the
transmission of malaria and vice versa.

3.4 DISCUSSION

The equilibrium,g, is the equilibrium state where there is are
no disease in the environment. The basic reproduction
number was computed and it was found that when R, is less
the unity and this point they will be no disease in the
population. The numerical analysis of the nonlinear model
shows that the decrease in disease induced death rate,
recovered rate, increase in insecticide net, will drastically
reduced malaria disease.

4.0 CONCLUSION

In this work, we analyzed the transmission dynamics of
malaria disease in a population using a nonlinear
mathematical model. An insecticide control strategy
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was incorporated, using system of ordinary differential
equations and established that the model is locally
asymptotically stable when the associated reproduction
number is less than unity. Numerical simulation was
carried out and pertinent findings are displayed
graphically. It was found that insecticide net has a
significant impact on malaria transmission reduction.
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