
Biology

Microbiology & Immunology fields

Okayama University Year 2008

The evaluation of control measures

against Schistosoma mekongi in

Cambodia by a mathematical model

Naoto Hisakane∗ Masashi Kirinoki† Yuichi Chigusa‡

Muth Sinuon∗∗ Duong Socheat††

Hajime Matsuda‡‡ Hirofumi Ishikawa§

∗Department of Human Ecology, Graduate School of Environmental Science, Okayama
University
†Center for Tropical Medicine and Parasitology, Dokkyo Medical University School of

Medicine
‡Center for Tropical Medicine and Parasitology, Dokkyo Medical University School of

Medicine
∗∗National Center for Parasitology, Entomology and Malaria Control, Ministry of Health
††National Center for Parasitology, Entomology and Malaria Control, Ministry of Health
‡‡Institute of International Education and Research, Dokkyo Medical University School of

Medicine
§Department of Human Ecology, Graduate School of Environmental Science, Okayama

University,, ishikawa@ems.okayama-u.ac.jp

This paper is posted at eScholarship@OUDIR : Okayama University Digital Information
Repository.

http://escholarship.lib.okayama-u.ac.jp/microbiology and immunology/10



The evaluation of control measures against Schistosoma mekongi in 
Cambodia by a mathematical model 
 
Naoto Hisakanea, Masashi Kirinokib, Yuichi Chigusab, Muth Sinuonc, Duong Socheatc, 
Hajime Matsudad, Hirofumi Ishikawaa,* 

 
a Department of Human Ecology, Graduate School of Environmental Science, Okayama 
University, 700-8530, Japan 
b Center for Tropical Medicine and Parasitology, Dokkyo Medical University School of 
Medicine, 321-0293, Japan 
c National Center for Parasitology, Entomology and Malaria Control, Ministry of Health, 
Cambodia 
d Institute of International Education and Research, Dokkyo Medical University School 
of Medicine, 321-0293, Japan 
 
* Address correspondence to: Hirofumi Ishikawa, Prof. Department of Human Ecology, 
Graduate School of Environmental Science, Okayama University, 700-8530, Okayama, 
Japan. 
Tel. +81-86-251-8826, Fax. +81-86-251-8837, E-mail: ishikawa@ems.okayama-u.ac.jp 

 1



Abstract 

 

We constructed a mathematical model for the transmission of Schistosoma mekongi in 

Cambodia. The simulation of the model will be instrumental in planning schistosomiasis 

control measures. The model includes two definitive hosts, humans and dogs, as animal 

reservoirs. Dogs are recognized to play an important role in schistosomiasis 

transmission in Cambodia. For the purpose of dealing with age-specific prevalence and 

intensity of infection, the human population was classified into eight age categories in 

the model. To describe the seasonal fluctuation of the intermediate host population of S. 

mekongi, the “Post-Spate Survival” hypothesis was adopted for the population dynamics 

of Neotricula aperta present in the Mekong River. We carried out simulations to 

evaluate the effect of universal treatment (UT) and targeted mass treatment (TT) with 

praziquantel on the reduction in prevalence of S. mekongi. The simulations indicated 

that biyearly UT for 8 years or yearly TT for 5 years after three courses of yearly UT 

could reduce the prevalence to below 5% when a UT or TT coverage of 85% of 

inhabitants was achieved. The simulation suggested that the suppression of S. mekongi 

in Cambodia would be possible by UT or TT with a high coverage rate. 

 

Key words: Schistosoma mekongi; Cambodia; mathematical model; Neotricula aperta; 

Mekong River 
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1. Introduction 

 

Schistosomiasis mekongi is prevalent in the Mekong River basin from the Khong 

district in southern Laos to Kratie province in northern Cambodia. The total population 

at risk for schistosomiasis mekongi is estimated as 60,000 in Laos and 80,000 in 

Cambodia [1]. 

Schistosoma mekongi can be parasitic in various mammalian hosts such as humans, 

dogs, and pigs [2]. Neotricula aperta, an aquatic snail, is known to be the intermediate 

host of S. mekongi [3]. It was observed that the water level of the Mekong River 

fluctuates seasonally; the period of low water lasts from February to May, while that of 

high water lasts from June to January. The transmission of S. mekongi from snails to 

humans occurs during the low water period because water contact of humans is 

practicable [1]. 

In Cambodia, a control program of annual mass drug administration was initiated by 

the Ministry of Health, Cambodia and Médicins Sans Frontières in 1995 (present 

program conductor: National Center for Parasitology, Entomology and Malaria Control) 

[4]. Sasakawa Memorial Health Foundation (SMHF) joined the cooperative program in 

1997, and mainly took charge of examination of animal reservoirs, serodiagnostic 

surveys, and evaluation of morbidity using ultrasound. The control programs in 

Cambodia are considered to be successful because of the low level of detection of egg 

positive cases in recent years, although there remains a high positive rate by ELISA in 

several villages where S. mekongi is endemic [5]. In Laos, the average prevalence of 

schistosomiasis mekongi among the villages decreased to less than 1% after six courses 

of mass treatment with praziquantel during a 10-year control program, which resulted in 
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a cessation of the control program in 1999 [6]. Thereafter, the resurgence of 

schistosomiasis in the Khong district of Laos was confirmed by epidemiological surveys 

by WHO in 2003 [7], and it was revealed that the prevalence was restored to 20-50% in 

the same area [8]. The situation of re-emergence of S. mekongi in Laos indicates the 

necessity for the continuation of both surveillance and control programs, which are 

required in order to adopt more cost-effective measures, in Cambodia despite the low 

rate infection of S. mekongi [4].                                                            

A mathematical model is useful to predict of the effect of various control measures on 

suppression of infectious diseases. Macdonald [9] first proposed a mathematical model 

for the transmission of schistosomiasis, and thereafter a number of mathematical models 

for schistosomiasis transmission have been published [10-14]. Chan and Bundy [15] 

constructed an age-structured model for Schistosoma mansoni transmission to predict 

the prevalence and morbidity for the long-term consequences of drug treatment. 

Ishikawa et al. [16] developed a model of Schistosoma japonicum transmission that 

took account of a seasonal variation of snail density to predict the effect of control 

measures against S. japonicum in the Philippines. We previously proposed a 

mathematical model for the transmission of S. mekongi in Cambodia that was described 

by a system of partial differential equations of time and age, which was aimed at 

estimating the coverage rate and range of ages in targeted mass treatment to interrupt 

schistosomiasis transmission [17]. 

In this study, we constructed a mathematical model for S. mekongi transmission to 

evaluate the effect of control measures in Chatnaol village in Cambodia. We 

incorporated the fluctuation of water level in the Mekong River, dynamics of the 

intermediate snail host population, and the contribution of an animal reservoir, dogs, to 
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the prevalence of S. mekongi into the model. We applied the dynamics of the 

intermediate snail host based on the Post Spate Survival hypothesis [18]. In the model, 

snails that survive during the high water period of the Mekong River start to lay eggs 

from January, and afterwards an abundance of new-born snails appear in the low water 

period in April-May, when the transmission of S. mekongi occurs mainly. In Cambodia, 

dogs are known to play an important role as an animal reservoir in S. mekongi 

transmission [19]. Therefore, there were two kinds of definitive hosts in the model, 

humans and dogs. The parameter values in the model were estimated by field data or 

experimental data. The human population in the model was divided into 8 age 

categories because the prevalence and the intensity of infection are strongly dependent 

on age. 

We focused on simulations of the transition in the prevalence of S. mekongi in a 

village together with the execution of control measures for humans. An application of 

molluscicide against S. mekongi appeared to be ineffective in the Mekong River basin 

[6]. The simulation results showed that a biyearly universal treatment or a yearly 

targeted mass treatment for children 5-19 years old with a 85% coverage rate, which 

was more effective than a yearly universal treatment with a 70% coverage rate, could 

sustain a low prevalence in humans after three courses of yearly universal treatment. 

Health intervention for 8 years, which is presumed to reduce both a probability of water 

contact and an amount of fecal output of humans to 50%, would make the prevalence of 

S. mekongi in both humans and dogs reduce to half. The simulations predicted that the 

suppression of schistosomiasis would be possible in Cambodia by maintaining control 

strategies for humans such as biyearly universal treatment or yearly targeted mass 

treatment with a 85% coverage rate. 
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2. Materials and Methods 

 

2.1. Study area 

Kratie province is located on northern Cambodia where the Mekong River runs from 

north to south. The population at risk of schistosomiasis mekongi was estimated to be 

about 50,000 in the province [20]. 

In Cambodia, universal treatment with praziquantel has been conducted annually 

since 1995 (except for 1998 because of a luck of funds and 2003 when targeted mass 

treatment for ages of 6-22 years-olds was applied) [4,20]. Annual parasitological 

surveys were conducted in Achen, Chatnaol, Srekoeun, and Sambok, which served as 

sentinel villages, reported that the prevalence of S. mekongi in these villages decreased 

from 50-70% in 1994 to less than 5% in 2002 [4]. 

In this study, we chose Chatnaol as the study area where the population was about 

500 in 1999. The average prevalence and intensity of infection were estimated as 

approximately 52% and 115 eggs per gram of stool, respectively, in 1994-1995 before 

the launching of control programs in Cambodia [21]. The age-dependent prevalence and 

intensity of infection showed a peak in the age group of 10-14 years-old [21]. 

 

2.2. Water level of the Mekong River 

The rainy season begins in March in Cambodia, and heavy rainfall lasts from June to 

October (Fig.1). The rainfall dramatically drops in November, and thereafter the dry 

season lasts from December to February. 

The heavy rainfall in June results in rising water levels in the Mekong River, so the 
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high water period begins in June. The water level reaches a peak during 

September-October. After the arrival of the dry season, the water level drops gradually, 

and the low water period begins in February (Fig.1).  

It is recognized that the available transmission period for S. mekongi begins in 

February when water contact of humans is practicable [1]. We determined that the low 

water period lasts from February to mid-May on the basis of water level data in Kratie 

province from 1989-2002 measured by the Mekong River Commission (Fig.1), when 

water contact and water contamination of the definitive hosts can occur. 

 

2.3. Life cycle of S. mekongi 

 

Definitive hosts 

Schistosomes can infect various mammalian hosts including humans. Due to the 

involvement of animal reservoirs with schistosomiasis transmission, human 

chemotherapy alone is insufficient to reduce the prevalence of infection [22]. Dogs and 

pigs have been known to act as animal reservoirs for S. mekongi [23,24]. In Laos, the 

prevalence in dogs was estimated at 11% [23] and 29.2% [25]. SMHF has conducted 

several surveys to detect animal reservoirs in Cambodia by stool examinations, which 

revealed that dogs were the definitive host of S. mekongi [5,19]. Despite the low 

prevalence in dogs, one infected dog showed high egg density in its feces [19]. We 

consider dogs to be definitive hosts besides humans in the model. 

Cercarial penetration of an individual through the skin can occur when in contact 

with the water of the Mekong River. A pair of adult worms commences egg production 

4-6 weeks after invasion [26]. The life span of a worm is estimated at 3-5 years [10]. In 
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this study, we supposed that the duration of infection in definitive hosts is 5 years. 

 

Intermediate hosts 

Neotricula aperta, which is composed of three strains (α, β, and γ) is recognized as 

the intermediate host of S. mekongi [2,27]. N. aperta, which is penetrated by a 

miracidia releases cercariae after a latent period of 45-53 days [28]. Thus, we adopted 6 

weeks as the latent period in the model. Experimental studies with N. aperta showed 

that the mortality per week was approximately 1.8% [29] to 2.1% [30]. It was confirmed 

that for the other schistosome species there is a significant difference in mortality 

among negative and infected snails. [31]. However, such a difference was not observed 

for S. mekongi [32]. In this study, we assume that the mortality of infected snails is 

equivalent to that of negative snails, and that the value of the mortality rate (d) was 

estimated at about 2% per week. Due to the fact that infection rate of N. aperta in the 

field is very low, 0.22% [29] to 0.14% [30], we held the infection rate below 1% at all 

times in the model. 

The biology of N. aperta is still largely unknown because of the impracticality of 

field observations during the high water period of the Mekong River, although the 

population dynamics of the snails will affect schistosomiasis transmission. To represent 

the population dynamics of N. aperta, we adopted a “Post-Spate Survival (PSS)” 

hypothesis that N. aperta survive and copulate during high water period of the Mekong 

River, but that laying eggs would be delayed until next January, and that thereafter the 

eggs would hatch from February [18]. Fig. 2 shows briefly the life cycle of N. aperta 

based on this PSS hypothesis. The snail population is divided into two age-groups, old 

and new-born snails. New-born snails survive during the high water period, June to 

 8



October, by sticking to rocks [33]. It is accepted that the severe water conditions cause 

considerable mortality in snails during this period [34]. The proportion of females to 

males (ξ) is estimated to be about 0.67. New-born snails that pass the year-end join the 

old snails group. The number of eggs produced per female per month (bv) is 

approximately 10 [35]. Old snails may die out in late March, because of exhaustion 

following a period of prolonged egg-laying. Eggs begin to hatch in February after a 4-5 

week incubation period [36]. There are no data available about the time necessary to 

grow to participate in S. mekongi transmission. Because an abundance of snails is 

observed in April-May in the field, we assume a maturity time (τm) of 1 month. 

 

2.4. Mathematical model 

We built a transmission model for S. mekongi based on Van Druten’s and Barbour’s 

works [37,38]. Our model contains three host populations: humans (H) and dogs (D) as 

the definitive hosts, and snails (V) as the intermediate hosts. The two definitive hosts are 

separated into two epidemiological classes: negative (H1, D1) and infected (H2, D2). The 

snail population consists of two subpopulations: old snails (VO) and new-born snails 

(VN). Each subpopulation was divided into three epidemiological classes: negative, 

latent, and infected (which are represented by V1, V2, V3 for old snails and by V4, V5, V6 

for new-born snails, respectively). Because both the prevalence and the intensity of 

infection vary by age, the human population was subdivided into 8 age categories 

(which are indexed by k). The human population was assumed to be 500 with 50% 

initial overall prevalence of S. mekongi. Each age category is assigned to the initial 

prevalence and the intensity of infection as shown in Table 1. Although several surveys 

of animal reservoirs revealed the prevalence in dogs was from 0.3% [19] to 29.2% [25], 
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the dog population was assumed to be 200 with 10% initial prevalence in the model. 

In this study, it was assumed that each transfer rate of the definitive hosts (humans 

and dogs) from negative to infected (αH, αD) was in proportion to the total number of 

infected snails. The proportional coefficients for humans and dogs are expressed by βH 

and βD, respectively. The estimated values of proportional coefficient for age-categories 

of humans and also dogs are shown in Table 2. Hence, we obtained the following 

formulae for the transfer rate of the definitive hosts: 
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Herein, ct (t) stands for the probability of water contact of definitive hosts at time t. 

The transfer rate of snails from negative to latent (αV) was assumed to be in 

proportion to the number of eggs per snail where the proportional coefficient for snails 

is represented by βV. The total number of eggs that are excreted by infected humans and 

dogs is expressed by the product of the amount of fecal output (fH, fD), the number of 

schistosome eggs per gram of stool (eH, eD), and the number of infected definitive hosts 

(H2, D2). The transfer rate of snails is expressed as: 

.
)()(

))()((
)()(

2
)(

2
)(

tVtV

tDeftHef
tct

NO

DD
k

kk
HH

nVV +

+
β=α

∑
 

Herein, the probability of water contamination of definitive host stands for cn (t) at time 

t. 

After the latent period (τC), snails are transferred from the latent class to the infected 

class. The other relevant parameter values in the model are estimated by experimental 

and field data (Table 3). The flowchart of the model is shown in Fig. 3. 
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3. Results 

 

3.1. Seasonal variation of N. aperta in the transmission model 

It is infeasible to observe N. aperta throughout the year due to the seasonal spate of 

the Mekong River. We postulate that there are 20,000 old snails in January every year 

and that the population dynamics of N. aperta follow the PSS hypothesis. Then, we 

estimated the seasonal variation of the snail population (Fig. 4). The snail population 

had a peak between April-May, and afterwards it reduced dramatically during the high 

water period due to severe mortality. Female snails that survive start to lay eggs next 

January. The transmission of S. mekongi occurs actively during the low water period, 

especially late March to early May. 

 

3.2. Prevalence in definitive hosts 

The initial prevalence in humans and dogs were set to be 50% and 10%, respectively. 

Fig. 5 shows the variation in the prevalence of schistosomiasis mekongi in both humans 

and dogs without control measures. The prevalence gradually declines in January. For 

the low water period, prevalence rises swiftly in February-March, and rises steeply in 

April-May together with an increase in the snail population. Thereafter, the rate 

decreases in the high water period due to the absence of water contact. 

 

3.3. Simulation of control measures for S. mekongi 

Mass drug treatment combined with health education has been applied in Cambodia. 

We carried out simulations on the situation resulting from the execution of several 

control measures for humans: universal treatment (UT), targeted mass treatment (TT), a 
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combination of UT and TT, and health intervention. 

Firstly, we conducted a series of simulations of yearly UT with three coverage rates: 

30%, 50%, and 70% (Fig. 6). Yearly UT with 50% and 70% coverage rates decreased 

the prevalence in humans from 50% to less than 5% after 8 years, while yearly UT with 

a 30% coverage rate only decreased the prevalence to almost 20%. 

Secondly, we compared the effects of the suppression of S. mekongi between yearly 

UT and biyearly UT (Fig. 7). Yearly and biyearly UT for 8 years with a 70% coverage 

rate reduced the prevalence in humans to 1% and 10%, respectively. Biyearly UT for 8 

years with a 85% coverage rate reduced the prevalence to 5%, which was similar to 

yearly UT with a 50% coverage rate (Fig. 6). 

Thirdly, we observed the effect of TT after three courses of yearly UT on the 

prevalence in both humans and dogs (Fig. 8). We assumed that children of 5-19 

years-old, who show higher prevalence and intensity of infection, were treated by TT. 

Three courses of yearly UT with a 70% coverage rate reduced the prevalence in humans 

to 10% and in dogs to 6%. Yearly TT with a 85% coverage rate after three courses of 

yearly UT kept the prevalence in humans low and also reduces the prevalence in dogs 

throughout the 8-year simulation. For the situation of an interruption of mass treatment 

after three courses of yearly UT, the prevalence in humans increased swiftly and the 

prevalence in dogs was restored gradually after the interruption. 

Finally, we checked the effect of health intervention on the prevalence in both 

humans and dogs (Fig. 9). We assumed that health intervention reduced to half both the 

probability of water contact and amount of fecal output by humans. Health intervention 

for 8 years without UT or TT slightly reduced the prevalence in both humans and dogs, 

while health intervention for 8 years with yearly UT for initial 3 years drastically 
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reduced the prevalence in humans. 

 

4. Discussion 

General mathematical models are helpful to understand the dynamics of 

schistosomiasis transmission [10-12], although, these models should be expanded to fit 

the local condition of endemic areas with a view to aiding to design schistosomiasis 

control programs. In this paper, a mathematical model incorporating with some key 

transmission factors was developed to evaluate the effect of control measures against 

schistosomiasis mekongi in Cambodia, quantitatively. 

In most endemic countries, the highest prevalence and intensity of Schistosoma 

infection are found in young children [39]. A similar trend was confirmed at Chatnaol, 

which was chosen as our study area and was one of the sentinel villages selected in 

Cambodia in 1994-1995 [21]. This trend probably resulted from frequent water contact 

by children and the acquired immunity of adults caused by past repeated infections, 

which reduces susceptibility [40]. We assigned proportional coefficients to each age 

category in humans instead of the effect of acquired immunity (Table 2). 

One of features of our model is the allowance for the dynamics of the N. aperta 

population. We adopted the PSS hypothesis [18] for N. aperta dynamics to predict the 

seasonal variation of the snail population. Although the life cycle of N. aperta is still 

largely unknown [5], the seasonal variation of the snail population is of great influence 

in transmitting S. mekongi to the definitive hosts. The simulation showed that the snail 

population reached a peak in April-May due to a delay of egg-laying during the high 

water period (Fig. 4). Since there is some difficulty in estimating the acute mortality in 

snails during the high water period, we chose its value to maintain a constant snail 
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population size every year. In the field, the living sites of N. aperta and their population 

vary from year to year because of changes in water flow, water level, and the form of 

the riverbed, etc [5]. It is desirable to conduct further surveys of N. aperta to make the 

transmission model more realistic. 

We carried out simulations of conditions where the initial overall prevalence in 

humans was 50% based on the epidemiological data of Chatnaol in 1994 [21]. The 

transmission of S. mekongi to humans is considered to occur mainly in April when 

humans comes into contact with the water in the Mekong River frequently and an 

abundance of snails is observable [18]. The model simulation showed the high 

prevalence of schistosomiasis mekongi in humans in May when the N. aperta 

population reaches a peak (Fig. 5). We assumed simply that the transmission from snails 

to the definitive hosts, humans and dogs, can occur during the low water period, (ct=1) 

and that it cannot occur during the high water period (ct=0). Future observations of the 

frequency of water contact and exposure time of humans in the low water period will be 

reflected in improvement in the simulations of the transmission model. 

Following on from stool examinations for animal reservoirs in Cambodia, we 

involved dogs as a definitive host in the model. Dogs were observed swimming in the 

Mekong River, and one infected dog was revealed to have a high density of schistosome 

eggs per gram of stool [19]. Therefore, dogs are considered to play an important role in 

schistosomiasis transmission in Cambodia. The simulation under the assumption that 

the number of dogs was 200 with 10% initial prevalence shows that only UT for 

humans had a good effect on the reduction in prevalence in dogs (Fig. 8 (B)). 

Some of model simulations indicated that snail control such as applying chemical 

molluscicide had an impact on the reduction of disease infection [16,41]. In the Mekong 
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River, an application of chemical molluscicide was ineffective due to long reaches of 

the river and a large of volume of water flow [6]. Therefore, this study aimed at 

evaluating effects of control measures for humans only. 

We estimated the effect of control measures for humans including UT, TT, and health 

intervention on the prevalence of schistosomiasis mekongi in the definitive hosts. In 

Cambodia, mass drug administration with coverage rates between 62% and 86% has 

been conducted annually since 1995, which reduced the prevalence in 4 sentinel villages 

to below 5% on average in 2002 [4]. The simulation results showed that yearly UT for 8 

years with a 70% coverage rate reduced the prevalence in humans from 50% to 2% (Fig. 

6), which suggested an effective coverage rate for MDA in Cambodia to suppress 

endemic of the disease. It was suggested to prolong the interval between UT with a view 

to cost saving [4]. The simulation indicated that biyearly UT with a 85% coverage rate 

also sufficiently reduced the prevalence in humans (Fig. 7). TT aimed at schoolchildren 

is another cost-effective alternative method [39]. Yearly TT with a 85% coverage rate 

aimed at 5-19 years-old following three courses of yearly UT with a 70% coverage rate 

achieved low prevalence below 5% in humans and below 2% in dogs (Fig. 8). Health 

intervention such as health education and provision of latrines has an important role in 

the control of helminth infection [42]. In this study, we assumed that the probability of 

water contact (ct) and an amount of fecal output of humans (eH) were reduced to half as 

the result of health intervention. The performance of health intervention for 8 years 

without mass drug administration reduced the prevalence in both humans and dogs to 

half the initiate level in the simulation (Fig. 9). The combination of yearly UT with 

health intervention had a strong effect on reduction of the prevalence in both definitive 

hosts in the simulation (Fig. 9). 
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With regard to the re-emergence of schistosomiasis in Laos, it is necessary to 

continue performing control programs and surveillance using ELISA in Cambodia [2]. 

In addition, there is a need to convert control measures with good cost-effectiveness 

because few positive cases were detected in recent years [4]. The simulation results 

show that biyearly UT or yearly TT is efficacious in restricting S. mekongi infections if 

the coverage rate is kept at more than 85%. The reduction in the probability of water 

contact or the amount of fecal output by infected humans also impacts on the 

suppression of transmission of S. mekongi. The simulation results suggested that the 

suppression of S. mekongi in Cambodia would be possible by sustaining the control 

program and surveillance. 
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 Table 1. The population size, initial prevalence, and intensity of infection (the number 
of eggs per gram of stool) in each age category of humans 
 

Age category Population* Initial prevalence (%)$ Intensity (egg/g)$ 

1-4 75 16 105 

5-9 75 58 130 

10-14 65 72 195 

15-19 60 71 170 

20-29 85 62 100 

30-39 65 52 95 

40-49 40 41 75 

49 > 25 28 45 

Average  50 115 
*According to population census of Kratie province in Cambodia in 1998 [The national Institute of 

Statistics of Cambodia] 
$Estimated based on epidemiological data of Chatnaol in 1994-1995 [21] 
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Table 2. Estimation of the proportional coefficient values among hosts 
 

Hosts Age category (years) Estimated value of  

proportional coefficient 

Human (βH) 1 – 4 1.13 × 10-4 

5 – 9 7.52 × 10-4 

10 – 14 1.18 × 10-3 

15 – 19 1.03 × 10-3 

20 – 29 6.39 × 10-4 

30 – 39 3.97 × 10-4 

40 – 49 2.47 × 10-4 

49 > 1.39 × 10-4 

Dog (βD)  6.32 × 10-5 

Snail (βV)  5.15 × 10-6 
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Table 3. Estimated values of model parameters 
 

Symbol Interpretation Estimated value 

Human   

BH Birth rate (/week) 0.16 

δH Death rate (/week) 3.26 × 10-4 

βH Proportional coefficient see table 2 

γH Recovery rate (/week) 0.0038 

fH Amount of fecal output (gram/day) 160 

eH Number of eggs per gram of stool see table 1 

Dog   

BD Birth rate (/week) 0.38 

δD Death rate (/week) 0.002 

βD Proportional coefficient see table 2 

γD Recovery rate (/week) 0.0038 

fD Amount of fecal output (gram/day) 100 

eD Number of eggs per gram of stool 100 

Snail   

ph Probability of egg hatching 0.8 

Ξ Ratio of female to male 0.67 

bv Average number of eggs produced (/female/month) 10 

τh Incubation period (week) 4 

τm Maturity period to participate in transmission 

(week) 

4 

τc Latent period (week) 6 

Θ Additional mortality for old snails 6-12 

Φ Additional mortality for new-born snails 1-4 

D Mortality (/week) 0.02 

βV Proportional coefficient see table 2 

Transmission   

ct Probability of water contact 0 (high water), 1 (low water) 

cn Probability of water contamination 0 (high water), 1 (low water) 
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Legends 
 
Fig. 1 Monthly average rainfall levels (bars) for 5 years during 1997-2001 in Phnom 
Penh [World Weather Information Service] and monthly average water levels of the 
Mekong River (line) for 14 years during 1989-2002 in Kratie province, Cambodia 
[Mekong River Commission]. 
 
Fig. 2 Population dynamics of N. aperta on the basis of the Post-Spate Survival 
hypothesis 
 
Fig. 3 The basic scheme of the transmission model for S. mekongi. Deaths of hosts are 
omitted in this scheme. The solid line shows the transfer among epidemiological classes 
of hosts. The dotted line shows miracidial and cercarial infections. 
 
Fig. 4 The monthly variation of the total snail population. 
 
Fig. 5 Variation of prevalence in both humans (black line) and dogs (gray line) 
without control measures. 
 
Fig. 6  Variation of the prevalence of S. mekongi in humans with yearly universal 
treatment (UT) for three coverage rates: 30% (solid line), 50% (dashed line), and 70% 
(dotted line). 
 
Fig. 7 Variation of the prevalence of S. mekongi in humans with universal treatment 
(UT) by changing the interval between treatments with two coverage rates: yearly UT 
with a 70% coverage rate (solid line), biyearly UT with a 70% coverage rate (dashed 
line), and biyearly UT with a 85% coverage rate (dotted line). 
 
Fig. 8 Variations of the prevalence in both humans (A) and dogs (B) with 2 control 
measures. 1: yearly universal treatment (UT) with a 70% coverage rate for the initial 3 
years (solid line), 2: after 3 years of annual UT yearly targeted mass treatment (TT) with 
a 85% coverage rate (dashed line). 
 
Fig. 9 Variations of the prevalence in both humans (A) and dogs (B) with 2 control 
measures. 1: only health intervention for 8 years (solid line), 2: health intervention for 8 
years with yearly universal treatment (UT) with a 70% coverage rate for the initial 3 
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years (dashed line). 


