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A mathematical model of malaria transmission with hospitalized compartment
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Abstract

This study aimed to consider the malaria model of the human and mosquito populations and investigate the
equilibrium points of the model at disease free equilibrium point and endemic equilibrium point. Moreover, the
stability of the equilibrium points was considered on the conditions of basic reproduction humber R0 by using
Routh-Hurwitz stability criterion. The results showed that if R, <1, then disease free equilibrium point was locally
asymptotically stable and if R, >1, with a sufficient condition then endemic equilibrium point was locally
asymptotically stable. The numerical solutions were studied by defining the parameters from the literature
researches of the spread of malaria and our assumptions. The numerical analysis revealed that the basic

reproduction number at the stability of disease free equilibrium point was R, =0.7006 which indicated that there was
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no outbreak of the disease. Finally, if we assume that the proportion of human population bitten by mosquitoes and

infected by the virus increases, the probability of mosquito population infected with the virus increased, the recovery

rate of hospitalized humans decreased and the rate of hospitalization decreased. Therefore, the results showed that

at stability of endemic equilibrium point, the basic reproduction number was Ry =2.50, and the condition which

satisfy the Routh-Hurwitz stability criterion for n = 4 implied that there was an outbreak of the disease.

Keywords: malaria model, equilibrium point, stability, basic reproduction number, Hurwitz matrix
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N15ILASIEMLTIAILAY
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Table 1 Parameters for numerical simulation.

Tsun93 Matlab ¥AIMBUITIRILAY [NDE TN
A3AN N LA FULAL AU UAAINIIHLAB5UBINT

ANABNLAIULLIL T8RRI ALAANAT (Table 1)

parameters description values references
/,[ the birth and death rate of human 0.26/day (Nirwani, Badshah, & Khandelwal, 2015;
" Laxminarayan, 2004)
M, the birth and death rate of mosquito 0.22/day (Nirwani, Badshah, & Khandelwal, 2015;
Laxminarayan, 2004)
a the average bitten rate on man by a single 0.29/day (Ishikawa et al., 2003; Laxminarayan, 2004 as
mosquito cited in Nyang'era, 2013)
b the proportion of bites on man that produce an 0.75 (Laxminarayan, 2004)
infection
I the probability that a mosquito becomes 0.75 (Ishikawa et al., 2003; Laxminarayan, 2004 as
infectious cited in Nyang'era, 2013)
PS the expected value of vaccine 0.009 (Nirwani, Badshah, & Khandelwal, 2015)
T the lose immunity rate caused by the vaccine 0.037/day assumption
effectiveness for the first time
Vv the recovery rate of self-immunity of non- 0.0035/day assumption
hospitalized humans
7 the lose immunity rate of hospitalized humans 0.002/day assumption
V4 the recovery rate of hospitalized humans 0.51/day assumption
W the hospitalized rate 0.65/day assumption
¢ the ratio of human and mosquito population 3 assumption

dasnnaasqasnnailaifidalda £
AMNATNITRAD T A9l (Table1) uay
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= o o A A |
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311AUR417A (Jirawatphanit, Veeraprasertsakul,

Hanchengchai, & Jai-oon, 2017) 1R ugnama (Figure 3)

¥
=
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al

(5, (0).1, (0).H, (0).1, (0)) = (0.2,0.4,0.2,0.3)
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v
A

nitaalafa £ =(0.548,0314,0.126,0.276)
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Ry, =2.50>1,a, =1.444,a, =0.691, a; = 0.136,
a,=0009 A< a(aa,-a)-aia, =0.098>0

Fn93zunmanalsn (Barnett, & Cameron, 1985;

Jirawatphanit, Veeraprasertsakul, Hanchengchai,

& Jai-oon, 2017) lHuanasa (Figure 4)
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Figure 3 Numerical solutions of the equations systems (7) obtained by using parameters:
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Figure 4 Numerical solutions of the equations systems (7) obtained by using parameters:

M, =026, 11, =0.22,a=0.29,6=0.88,¢ =0.92,7 =0.037,v =0.0035,7 = 0.002,» = 0.001, = 0.105,

#=3 and ps =0.009 and solutions approach to the endemic equilibrium point £+
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