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Abstract—Malaria is a serious, acute and chronic relapsing
infection to humans. It is characterized by periodic attacks of chills,
fever, nausea, vomiting, back pain, increased sweating anemia,
splenomegaly (enlargement of the spleen) and often-fatal
complications.The malaria disease is caused by the multiplication of
protozoa parasite of the genus Plasmodium. Malaria in humans is due
to 4 types of malaria parasites such that Plasmodium falciparum,
Plasmodium vivax, Plasmodium malariac and Plasmodium ovale.
P.vivax malaria differs from P. falciparum malaria in that a person
suffering from P. vivax malaria can experience relapses of the
disease. Between the relapses, the malaria parasite will remain
dormant in the liver of the patient, leading to the patient being
classified as being in the dormant class. A mathematical model for
the transmission of P. vivax is developed in which the human
population is divided into four classes, the susceptible, the infected,
the dormant and the recovered. In this paper, we formulate the
dynamical model of P. vivax malaria to see the distribution of this
disease at the district level.
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1. INTRODUCTION

HE malarial parasite has a complicated double life cycle:

a sexual reproductive cycle while it lives in the mosquito
and an asexual reproductive cycle while in the human host.
While it was in its asexual, free-swimming stage, when it is
known as a sporozoite, the malarial parasite is injected into the
human bloodstream by a mosquito, passing through the skin
along with the latter's saliva. The sporozoite eventually enters
a red blood cell of its human host, where it goes through ring-
shaped and amoeba-like forms before fissioning (dividing)
into smaller forms called merozoites. The red blood cell
containing these merozoites then ruptures, releases them into
the bloodstream (and also causes the chills and fever that are
typical symptoms of the disease). The merozoites can then
infect other red blood cells and their cycles of development
are repeated. The World Health Organization estimates that
there are over one million child deaths per year in sub-Saharan
Africa and there are 300-500 million cases of malaria per year.
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More than two billion people or total 41% of the world’s
population throughout the world (e.g., part of Africa, Asia, the
Middle East, Central and South America, Hispania and
Oceania) live in areas where malaria is transmitted regularly
and there are approximately 1.5-2.7 million people who die
from malaria each year [1]. The developmental biology [2] of
the parasite Plasmodium vivax determines to a great extent the
mathematical model needed to describe the transmission cycle
of the human disease caused by this parasite. The sporizoites
(one of the stages of the malaria parasite) are introduced into
the blood stream of the human by the bite of infected
mosquitoes. These then move to the liver of the human. Here
some of them transform themselves into merozoites, which
then invade the blood cells and cause the illness. The
remaining sporizoites are transformed into hypnozoites which
then lay dormant in the liver. The relapses occur when some
of the hypnozoites transform themselves into schizents and
then into merozoites. These new merozoites then reinvade the
blood and cause the illness again. These relapses can occur up
to three years after the initial infection. Only a small number
of P. vivax merozoites remain in the blood between the relapse
episodes. The hypnozoite stage does not occur in the three
other types of malaria, Plasmodium falciparum, Plasmodium
malariae and Plasmodium ovale. The absence of the
hypnozoite stage in the malaria caused by the P. falciparum
parasite makes the transmission models used to describe P.
falciparum malaria invalid for describing the transmission of
the malaria caused the P. vivax parasite. The reasons for P.
falciparum malaria to be studied more than P. vivax malaria
are (1) 90% of the malaria cases in Africa is due to P.
falciparum malaria, (2) most of the deaths due to malaria (2-3
million a year) occur in Africa [3] and (3) P. falciparum
malaria is a life threatening disease, while P vivax malaria is
not.

Data on the incidences of Malaria due to the different types
of malaria between during 2003 to 2006 in Thailand indicates
that the rate of increase of the incidence of P. vivax is the
highest among the four types. This can be seen in Fig. 1.
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Fig. 1 The average increasing rate per 10,000 populations of
Malaria in Thailand during 2003-2006[4]

It was commonly assumed that information about vivax
could be extrapolated from the falciparum research. This
assumption was challenged at a conference convened by the
Multilateral Initiative on Malaria [S]. The transmission of
malaria is usually described by the Ross-MacDonald (RM)
model [6]. However, this model is only suitable for the
transmission of the P. falciparum malaria since it does not
contain a role of possible relapses of the illness. One of the
present authors (IMT) has introduced a simple mathematical
model [7] to describe the transmission of P. vivax malaria. In
the model, we included a dormant class in which there are no
merozoites in the blood, only dormant hypnozoites in the
liver. A person can be reinfected when the hypnozoites are
activated.

In the present state of concern for medical safety, there is
no place for human experimentation to see what would
happen if new therapies were adopted. Mathematical
modeling allows one to simulate what would occur. In this
study, the dynamics transmission of P. vivax between village
is considered. We introduce in Section II, the modification of
the RM model which would make it applicable to the
transmission of P. vivax malaria in the district. In Section III,
we simulate the consequences of changing the number of
villages, number of houses in each village, contact rates and
relapse rates. We discuss in Section IV, the implication of the
insights obtained from the simulations. Part of the urgency
for doing research on P. vivax malaria is due to the fact that P.
vivax malaria is becoming an emerging public health problem.
It is estimated that about 50% of the malaria cases outside of
Africa and 10% in Africa are due to P. vivax and that the
percentages are soaring.

II. TRANSMISSION MODEL

The mathematical modeling of the epidemiology of malaria
(P. falciparum) was started by Ross [8] in 1911 and improved
on by MacDonald [9]. In the Ross model, an individual in the
human population is classified as being in a non-infected or
infected state. This gives rise to what is known as a SIS
(susceptible-infected-susceptible) model. It has been

suggested [9] that the human population should instead be
divided into three states; non-infected, infected but without
any acute clinical signs, infected with acute clinical sign, to
better reflect the clinical status of the individual. Others
believe that the population should be divided into susceptible,
infected but not infectious and infected and infectious.

In this study, the epidemics of P. vivax at the district level
are considered, the movement of the human and the
mosquitoes are satisfied the following assumptions:
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Fig. 2 The diagram shows the movement of the population between
houses in several villages for one district

Suppose that there are M persons, v villages in each district, n;
is the number of house in village i"i=1,..., v. The persons
move to any houses in the same village or the different village
by random process. This process is done by random the 1%
person to the M™ person (with uniformly distribution) go to
each house of the same village or the different village
everyday. Each day, one person can go only one time in one
house of his/her village or one house of the others villages.
The probability for each person to visit each house of his/her
village or the others villages is equal. The persons who stay in
any house at the beginning time will come back to their
villages and their houses at the ending time. We assume that at
the first day, there is only one infected human in one house
and there is no infected human for the other houses in the
district.

In our model for the transmission of P. vivax at the district
level, we divide the host (human) population into susceptible,
infected, dormant and recovered classes. The last category,
the recovered are susceptible to further infections and so they
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reenter into the susceptible class. The vector population is
separated into susceptible and infected classes.

The variables in our model are defined as follows:
Shy; is the number of susceptible persons in house i after
visited at day t,i=1,2,3,...,n;;j = 1,2,3,...,v,
Ih; is the number of infected persons in house i after visited
atdayt,i=1,23,...,n;j=123,..,v,
Dhy; is the number of dormant persons in house i after
visited at day t,i=1,2,3,...,n;;j=1,2,3,...,v,
Rh;; is the number of recovered persons in house i'
visited at day t,i=1,2,3,...,n;;j = 1,2,3,...,v,
Svy; is the number of susceptible mosquitoes in house i™ after
visited at day t,i=1,2,3,...,n;;j = 1,2,3,...,v,
Iv; is the number of infected mosquitoes in house i after
visited at day t,i=1,2,3,...,n;;j=1,2,3,...,v,
M is the total number of persons,
c is the ending time.

The dynamics of human and vector populations in one
district are given by
AShm = =Y IVt,i Sht,i + I3 Dh ti + (1-(1,) I Ihm + T4 Rh ti
Alhtﬁi = v th,i Sht,i - rllht’i + I'zDht’i -T5 Iht,i
ADh;;= ar lhg—(r; +13) Dhyj (D
ARh; = 15 Ihg;-14 Rhy;
ASvi; = K= B Sviilhy; — py Svy;
Alvy; = B Svilhy - py Ivy
for i=1,23,...,n;j=123,..,v.
n; is the number of house in village i";i=1,..., v,
v is the number of villages in each district,
K = pSvitlvy) = Basic recruitment number of the
mosquitoes in house n; at day t,
B is the transmission rate of dengue virus from infectious
person to susceptible vector,
L is the death rate of the mosquitoes,
o is the percentage of infected human in whom some
hypnozoites remain dormant in the liver,
(1-0) is the percentage of infected humans who recover and
become susceptible again,
r; is the rate at which a person leaves the infected class by
recovering or by entering into the dormant class,
1, is the rate at which the dormant human relapses back to the
infected human,
r; is the recovery rate of the dormant human,
ry is the rate at which the recovered human relapses back to
the susceptible human, and
15 is the rate at which the infected human recovers,
y is the rate at which the P. vivax parasite is transmitted from
the mosquito to the human and is given by [10]

y=p_"h 2)
NT +m

" after

where b is the specie-dependent biting rate of the mosquitoes;
m is the population of other animals that the mosquitoes can
feed on; N7 is the total human populations and By, is the
probability the parasite passed on by the mosquito will
continue to thrive in the human. f is the rate at which the
mosquitoes become infected with the Plasmodium vivax
parasite once the mosquito has bitten an infected human. B is
defined by [10]

B=Db _ B

NT +m

where [, is the probability the parasite passed to the mosquito
by biting human.

III. NUMERICAL SOLUTIONS

The simulations of the model are calculated to see the time
distributions of this disease. The time distributions of infected
and dormant humans for the different situations are shown in
the following figures:
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Fig. 3 Model outputs display the time distribution of infected
human for the different number of villages in each district. The
parameters in our model are 1= 1/14, r, =1/(365*3), r; = 1/(25), 14
=1/(365*10), rs =1/3, y = 0.55, p = 0.45, u, = 0.04, M = 1,000, c =
365
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Fig. 4 Model outputs display the time distribution of dormant human
for the different number of villages in each district. The parameters
are same as Fig. 3

599



International Journal of Engineering, Mathematical and Physical Sciences

ISSN: 2517-9934
Vol:2, No:8, 2008

36

.

——20 houses
—a—30 houses

)
=
|

Infected human
&

—— 40 houses

—— 50 houses

40 79 118 157 196 235 274 313 352
Time(day)

36

30 -

24

—e— gamma = 0.15, beta=0.1
—a— gamma = 0.25, beta =0.15
—— gamma = 0.45, beta = 0.35
—a— gamma = 0.55, beta=0.45

I\

18

12 +

Dormant human

40 79 118 157 196
Time(day)

235 274 313 352

Fig. 5 Model outputs display the time distribution of infected human
for each district. There are 3 villages in each district. The different

numbers of houses in each village are compared. The other

parameters are same as Fig. 3

same as Fig. 7

Fig. 8 Model outputs display the time distribution of dormant human
for the different contact rates in each district. The parameters are
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Fig. 6 Model outputs display the time distribution of dormant human

for each district. The parameters are same as Fig. 5

Fig. 9 Model outputs display the time distribution of infected human
for the different rate at which the dormant human relapses back to the

infected human in each district. There are 3 villages in each district;
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except r,

20 houses in each village. The other parameters are same as Fig. 3

36 -

30 4

24 4

18 +

Dormant human

12

——12=1/365
—=—12=1/(365*3)
—— 12=1/(365*5)
—a—12=1/(365%10)

40 79 118 157 196
Time(day)

235 274 313 352

Fig. 7 Model outputs display the time distribution of infected human

for the different contact rates in each district. There are 3 villages in
each district; 20 houses in each village. The other parameters are

same as Fig. 3 except the contact rates

as Fig. 9

Fig. 10 Model outputs display the time distribution of dormant
human for the different rate at which the dormant human relapses
back to the infected human in each village. The parameters are same
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Fig. 11 Model outputs display the time distribution of infected human
for the different rate at which the recovered human relapses back to
the susceptible human in each district. There are 3 villages in each
district; 20 houses in each village. The other parameters are same as

Fig. 3 except 14
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Fig. 12 Model outputs display the time distribution of dormant
human for the different rate at which the recovered human relapses
back to the susceptible human in each district. The other parameters

are same as Fig. 11

IV. CONCLUSION

In this study, we have compared the results of the
simulation when different values of several parameters are
used. Figs. 3 to 4 show the time distributions of infected and
dormant human when the number of villages in each district is
difference. Figs. 5 to 6 show the time distributions of infected
and dormant human when the number of house in each village
for each district is difference but the number of villages is
equal. Figs. 7 to 8 show the time distributions of infected and
dormant human when the contact rates in each district are
difference. Figs. 9 to 10 show the time distributions of
infected and dormant human when the rate at which the
dormant human relapses back to the infected human in each
district is difference. Figs. 11 to 12 show the time distributions
of infected and dormant human when the rate at which the
recovered human relapses back to the susceptible human in
each district are difference. We will see that the epidemic
sizes are higher when the smaller number of households, the

smaller number of villages and the higher contact rates. But
when the rate at which the dormant human relapses back to
the infected human and the rate at which the recovered human
relapses back to the susceptible human are higher, the
epidemic sizes are smaller.
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