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Abstract: A mathematical model for transmission of schistosomes is useful to predict effects of various control measures
on suppression of these parasites. This review focuses on epidemiological and environmental factors in Schistosoma japon-
icum and Schistosoma mekongi infections and recent advances in mathematical models of Schistosoma transmission.
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INTRODUCTION

Schistosomiasis is an important disease problem in several
Asian countries. Schistosomiasis japonica is prevalent in China
and the Philippines, where millions of people are affected. Schi-
stosomiasis mekongi is prevalent in the Mekong River basin
(MRB) from the Khong district in southern Laos to Kratie pro-
vince in northern Cambodia. The total population at risk for
schistosomiasis mekongi is estimated to be 60,000 in Laos and
80,000 in Cambodia [1]. The first human case of Schistosoma
mekongi infection was reported as Schistosoma japonicum infec-
tion in 1957 [2]. Afterwards, S. mekongi was identified as a new
species of Schistosoma [3]. S. japonicum and S. mekongi have a
complicated mode of transmission. As part of the life cycle occurs
in the environment outside of the host, it is difficult to measure
the transmission rate on the basis of field observations [4]. There-
fore, a mathematical model for Schistosoma transmission could
be useful for estimating its prevalence, and model simulations
can be instrumental in managing various control strategies. There
have been many studies involving the mathematical modeling
of transmission for S. japonicum since 1965 [4-12], while there
have been only 2 studies on mathematical modeling of the
transmission of S. mekongi [13,14]. This review focuses on the
epidemiological and environmental factors in S. japonicum and
S. mekongi infections and the recent advances in mathematical
models of Schistosoma transmission.

S. japonicum and S. mekongi carry out their transmission cycle
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in definitive and intermediate hosts. Humans are the major de-
finitive hosts, and many domestic and wild mammals were
found to be reservoirs [15-19], whereas the intermediate hosts
are only snails. Cercariae, which are released from infected snails,
penetrate into the definitive host via the skin and develop into
mature adults in the host; female adults produce eggs through-
out their life-span. A mathematical model that quantitatively
describes Schistosoma transmission needs to include the follow-
ing components [4,14].
1. Dynamics of the human population and behavior of hu-
mans related to water contact
2. Dynamics of the intermediate host population
3. Fluctuation of water level in the Mekong River (only for S.
mekongi)
4. Contribution of animal reservoirs
5. Effect of control measures

DYNAMICS OF THE INTERMEDIATE HOSTS:
SNAILS FOR S. JAPONICUM

Oncomelania spp. snails were recognized as intermediate hosts
of S. japonicum; O. quadrasi and O. hupensis were identified in
the Philippines [20,21] and in China [16], respectively. As snail
density varies according to time and circumstances, it is diffi-
cult to make accurate estimates of snail density. In Bohol, the
Philippines, a water area fluctuates seasonally according to rain-
falls [4]. In regard to the longevity of snails, the mortality rate
among infected snails is higher than that among uninfected snails
[20,22].
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DYNAMICS OF THE INTERMEDIATE HOSTS:
SNAILS FOR S. MEKONGI AND FLUCTUATION
OF THE MEKONG RIVER FLOW

Neotricula aperta is recognized as the intermediate host of S.
mekongi, which is composed of 3 races (@, 8, and 7). Races @ and
y range in the MRB from Khong to Kratie, whereas race 8 lives in
the Mun River, a tributary of the Mekong River [23]. Race ¥ shows
the highest susceptibility to miracidia among the 3 races [24].

In Cambodia, the rainy season begins in March, and heavy
rainfall lasts from June to October; the rainfall drops dramati-
cally in November, and thereafter the dry season lasts from
December to February. The heavy rainfall and the arrival of the
dry season results in rising and dropping water levels in the
Mekong River (World Weather Information Service; Mekong
River Commission) (Fig. 1). The biology of N. aperta is still
largely unknown because of the impracticality of field observa-
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Fig. 1. Monthly average rainfall levels (bars) for 5 years during 1997-
2001 in Phnom Penh (World Weather Information Service) and mon-
thly average water levels of the Mekong River (line) for 14 years
during 1989-2002 in Kratie province, Cambodia (Mekong River
Commission) [14].
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tions during the high water period of the Mekong River. The
“Post-Spate Survival” hypothesis that N. aperta survive and cop-
ulate during the high water period of the Mekong River, but
that laying eggs could be delayed until next January, and that
thereafter the eggs hatch from February has been used to repre-
sent the population dynamics of N. aperta [14,25] (Fig. 2).

DEFINITIVE HOSTS: ANIMAL RESERVOIRS

When animal reservoirs play a part in the reproduction of
Schistosoma, it is necessary to give careful consideration to them
because of the difficulty in eliminating Schistosoma by means of
chemotherapy for humans only [26]. In Lyte, the Philippines,
many domestic animals such as dogs, pigs, and cows were found
to be reservoirs for S. japonicum [15], while in Bohol, the Phili-
ppines, only rats were infected by S. japonicum with a low preva-
lence rate from the results of field surveys [21]. In China, more
than 40 species of domestic and wild mammalians have been
identified as reservoirs for S. japonicum [16]. In the MRB, dogs
and pigs have been recognized as reservoirs for S. mekongi [18,
19]. In Laos, the prevalence in dogs was estimated as 11% [18]
and 29.2% [17].

MATHEMATICAL MODELS OF SCHISTOSOMA
TRANSMISSION

Macdonald [5] first proposed a mathematical model for Schi-
stosoma transmission, and thereafter a number of mathematical
models for Schistosoma transmission have been published, main-
ly from the theoretical point of view [5-8]. Anderson and May
[22] studied the prevalence of snail infection based on empiri-
cal evidence. A stochastic model for schistosomiasis developed
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Fig. 2. Population dynamics of Neotricula aperta on the basis of the Post-Spate Survival hypothesis. (A) The life cycle of N. aperta, (B) The

monthly variation of the total snail population [14].
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from a model for onchocerciasis aimed to evaluate control strate-
gies [9]. A series of studies on modeling of S. japonicum transmis-
sion and control in China have been performed [10-12]. Ishi-
kawa et al. [4] developed a model of S. japonicum transmission
that took account of seasonal variations in snail density, animal
reservoirs, rats, and high and low cercarial shedding stages in
snails to predict the effects of control measures against S. japon-
icum in Bohol, the Philippines (Fig. 3). A couple of studies pro-
posed a mathematical model for the transmission of S. mekongi
in Cambodia with age-structure, which was aimed at estimating
the coverage rate and range of ages in targeted mass treatment
(TT) to interrupt Schistosoma transmission [13,14]. The fluctua-
tion of water level in the Mekong River, dynamics of the inter-
mediate snail host population, and the contribution of an ani-
mal reservoir, dogs, were incorporated into this model [14].
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Fig. 3. The basic scheme of the transmission model for S. japon-
icum showing the transfers among epidemiological classes [4].

Prevalence

CONTROL MEASURES AND THEIR EVALUATION
THROUGH SIMULATIONS

A collaborative project of the Schistosomiasis Control Service
of the Philippine Department of Health and the Sasakawa Me-
morial Health Foundation of Japan has been continuing since
1981 in Bohol [21]. The major approach to the control of S.
japonicum consists of 2 methods: the detection of infected indi-
viduals and chemotherapeutic treatment, snail control by envi-
ronmental changes such as land reclamation and cement lin-
ing of ditches, and using molluscicides. The comparative simu-
lations showed that the prevalence in inhabitants and the den-
sity of infected snails could be restored swiftly after the comple-
tion of 4 courses of yearly selected mass treatments without
snail control, that the prevalence in inhabitants could be reduced
gradually by snail control measures alone, and that the preva-
lence in inhabitants and the density of infected snails would be
eliminated by human control together with snail control [4]
(Fig. 4).

In the MRB, snail control measures such as using mollusci-
cides are ineffective because of the Mekong River flow rate. In
Cambodia, a universal treatment campaign (UT) was initiated
by the Cambodian government, WHO, and Medecine Sans
Frontieres in 1995. The Sasakawa Memorial Health Foundation
has rendered support for control of schistosomiasis mekongi
since 1997. In Laos, although the average prevalence of schisto-

somiasis mekongi decreased to less than 1% after mass treat-
ment with praziquantel during a 10-year control program [27],
a resurgence of schistosomiasis in the Khong district was con-
firmed by epidemiological surveys by WHO in 2003 [28]. Com-
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Fig. 4. Variations in the infection of S. japonicum in Bohol (Sto. Thomas) for the human-control case with selective mass treatment at 1-year
interval with a coverage rate of 50% (solid line), the snail-control case with the use of molluscicides at half-year intervals under the assump-
tion that its effective rate would be 50% (dotted line), and both the human and snail-control case (dashed line), respectively. (A) Variations
in prevalence (%) in the human population, (B) Variations in infected snail densities per 1 a (100 m?) [4].
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Fig. 5. Variations in the prevalence in humans with 2 control mea-
sures. 1: Yearly universal treatment (UT) with a 70% coverage rate
for the initial 3 years (solid line), 2: After 3 years of annual UT target-
ed mass treatment (TT) with a 85% coverage rate (dashed line) [14].

parative simulations for the situation of an interruption in mass
treatments after 3 courses of yearly UT showed that the preva-
lence in inhabitants increased swiftly, while the effect of yearly
TT for children of 5-19 years old, who show higher prevalence
and intensity of infection, after 3 courses of yearly UT would
keep the prevalence in inhabitants low throughout an 8-year
simulation [14] (Fig. 5).

PROSPECTS

Recent advances in mathematical modeling of the transmis-
sion of S. japonicum and S. mekongi are summarized here. There
has been steady progress in the mathematical modeling of Schi-
stosoma transmission taking into consideration of the ecology
of snails and the behavior of inhabitants. The model simula-
tions suggested that, among various possible control measures,
a selective mass treatment program coordinated with snail con-
trol would be effective for the elimination of S. japonicum. The
model simulations also predicted that the suppression of schis-
tosomiasis mekongi could be possible in Cambodia by maintain-
ing control strategies for humans such as biyearly UT or yearly
TT with high coverage.
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