Y Oku et al. / International Congress Series 1267 (2004) 98—104 103

1991-1992. CHLCH reported that the prevalence in sheep was 43.4% in 1991. Our data
support their data. In our data the prevalence in more than 4-year-old sheep was 49.3% and
18.5% in 1991—1992 and 1999, respectively. Cabrera et al. [5] reported that the prevalence
of hydatidosis was 7.7% in lambs and 18.0% in adults in 1998. Our results and Cabrera’s
data [5] were similar in adult sheep, but not in lambs. While the difference of both studies
was in scale and place of survey, we do not know the cause of the difference.

The prevalence in more than 4 year old sheep was 18.5%. But a few young sheep were
also infected with the parasite in 1999. It suggested that sheep were infected before 1997
in Uruguay. Even in the intensive attack phase of control (1992-1996) some sheep were
infected. Young sheep, lambs, are usually sent to large-size, modern slaughterhouses and
are consumed in the urban area [5]: In the urban area dogs usually have no access to
viscera of infected sheep. But in' the rural area old sheep with fertile cysts are home-
slaughtered. So on the farms a few dogs had the chance to eat the viscera containing fertile
cysts during the attack phase.

Although the control program led to the remarkable reduction of prevalence in animal
populations in Uruguay, eradication of the parasite has not been achieved. A sustainable
control program (less costly consolidation phase) is needed.
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Evolving Mathematical Models of Infectious Diseases

with a Complicated Route of Transmission

Hirofumi Ishikawa *

A mathematical model for the transmission- of infectious disease is useful for
estimating disease prevalence, and model simulation can be instrumental in
managing various control strategies. This work is focused on models of zoonosis
with a complicated route of transmission. When part of the life cycle of the parasite
that causes the zoonosis is exposed to the environment, it is difficult to measure the
intensity of transmission via this route on the basis of field observations. Therefore,
it is necessary to estimate the intensity using model apalysis. We have evolved a
mode]l for the transmission of S. japonica into which the function of control

measures is incorporated.

Keywords: elimination, mathematical model, Schistosomiasis japonica, simulation,

transmission

1. INTRODUCGTION

A mathematical model for the
transmission of infectious disease.is useful
for estimating disease prevalence, and model
simulation can be instrumental in managing
various control strategies. This. work is
focused on models of zoonosis with a
complicated route of transmission. When part
“of the life cycle of the parasite that causes the
zoonosis is exposed to the environment, that
is, outside of its host, it is difficult to
measure the intensity of transmission via this
route on the basis of field observations,
Therefore, it is necessary to estimate the
intensity using model analysis.

We have studied the transition in the
prevalence of Schistosomiasis japonica in
Bohol Island, the Philippines, where a
collaborative project of the Schistosomiasis
Control Service of the Philippine Department
of Health and Sasakawa Memorial Foundation
of Japan has been continuing since 1981
{(Yasuraoka et al, 1996). Schistosoma
Japonicum maintains its transmission cycle
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in two hosts., Several animal reservoirs.
besides humans are observed as definitive -
hosts, while only the snail (Oncomelania
quadrasi) has been identified as an
intermediate host. S. japonmicum transfers
from definitive to intermediate hosts and
from intermediate to definitive hosts in water.
As the water area varies with rainfall,
prevalence fluctuates seasonally.

" We have evolved a model for the
transmission of §. japonica with regard to the
seasonal variation in the target region.
Moreover, a function of control measures is
incorporated into the model. Most of the
epidemiological parameters are estimated
using field data. A follow-up study admits
that the model fits the surveillance. The
model simulations indicate that a selective
mass treatment program coordinated Wwith
snail control would be effective for the
elimination of S. japonica in .a comparative
study of control measures, and that the target
region would maintain the elimination of S.
Jjaponica for a few years after these control
measures were implemented.

2. TrRansMISSION PROCESSES

Infectious diseases are broadly divided
.into diseases with a direct transmijsston
process and those with an indirect



transmission process. The route of direct
transmission from person to person is divided
into air-borne infections, contact infections
and oral infections. The spread of an
epidemic is governed by the contact
frequency between persons, the infectious
period and the infection success rate at
contact. The contact frequency may change
greatly with human behavioral patterns and
the epidemiological situation, while the other
two factors which are characteristic of a
pathogenic organ almost always take a
constant value. For SARS prevalence in Hong
Kong, 2003, which was droplet infection, the
mathematical model estimated the
reproductive number as 2.5 in the beginning,
and it .decreased to less than 1 after
improving the effectiveness of isolation in
hospitals (Riley et al., 2003). HIV, a sexual
infection which has long infectious and
incubation periods, prevailed in Thailand in
the 1990's. The model simulation indicated
that change in sexual behavior could reduce
the prevalence (Tsunekuni ef a/., 2003).

There are various styles of indirect
transmission. Many serious infectious
diseases are transmitted through an insect,
especially a mosquito such as malaria, filaria,
Japanese encephalitis and West Nile fever,
Prevalence of vector-born diseases is
governed by some entomological factors. In
malariology, vectorial capacity  was
introduced to describe the transmission
ability imr'the mosquito population (Garrett-
Jones, 1964), and studies of malaria models
showed it to be valid (Dietz et al., 1974;
Ishikawa et al., 2003),

Generally, it is difficult to precisely
model zoonosis prevalence, because it is
transmitted through a complicated route

involving an  animal reservoir, A
mathematical model of transmission
100
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Fig. 1 The prevalence in the fox population
corresponding to the basic infectious contact rate,
The solid line, the broken line and the dotted line
show the highest, the average and the lowest
yearly prevalence, respectively.
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of Echinococcus multilocularis in Hokkaido
was constructed (Ishikawa er aif., 2003). E,
multilocularis maintains its transmission
cycle in two hosts; the definitive hosts are
canines, while the intermediate hosts are
mainly rodents and ungulates. Individuals are
infected by the accidental ingestion of
parasite eggs. Although it was difficult to
decide on the transmission coefficient from
definitive hosts to intermediate hosts from
the field survey because of the presence of
free-living eggs in the environment, this
coefficient was estimated by considering of
the possible range of basic reproductive rates
and the result of simulations (Fig. 1).

3. SCHISTOSOMIASIS JAPONIGCA
MobDEL

Schistosomiasis is an important disease
problem in the Philippines, as well as one of
the most prevalent parasitic diseases in the
world (Blas er al,, 2004). S. faponica is a
zoonosis disease caused by a parasite having
humans as its major definitive host and the
Oncomelania quadrasi snail as its. only
intermediate host. As both transmission
routes of S. japonicum, from human to snail
and from snail to human, pass through water
in the form of egg/ miracidium and cercaria,
the intensities of the transmission via these

routes are influenced by meteorological
conditions, human behavior and the dynamics
of snail population. The  available
3__” Tir,,

. ]

L] L) L1} — Lt - .

& Kinun-River basin

Fig.2 Suitable range of two transmission

cocfficients from snail to human (human), and °
from human to snail (snail) for the pre-control
period in Kinan-oan River Basin where the parasite
rate was estimated at 10.0% for human population
and the infection rate was estimated at 18.2% for
snail population. A point (square) is assigned to a
region where the difference between observation
value and equilibrium value for the parasite rate in
the human population is opposite sign to the
difference between observation value and
equilibrium value for the infection rate in the snail
population.
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Fig.3 Variations in the parasite rate (%) of §.
Japonicum for the human control case with
selective mass treatment at 1 year interval under an
intake compliance rate of 50% {(dashed line), the
snail control case with use of molluscicides at half
a year interval under the assumption that its
effective rate would be 50% (dotted line), and both
the human and snail control case (solid line),
respectively.

water varies seasonally with rainfall.
.Moreover, animal reservoirs of S. japonicum
were detected in the Philippines. We have
evolved a mathematical model for the
transmission of S. japonica. Most of the
epidemiological parameters that were used in
the S. japonica model were estimated on the
basis of the field surveys. On the other hand,
the intensities of the transmission vary
regionally and cannot be measured directly.
Using the model simulation, the equilibrium
values of the infection rates for the definitive
and intermediate host population were
calculated for a series of the transmission
coefficient (Fig. 2). The details of the model
structure will be published elsewhere.

4., RESULTS & DiscussioN

The major approach to the control of §.
japonicum consists of two methods: the
detection of cases and chemical treatment,
and snail control by molluscicides. To
investigate the design of control methods in
the Kinan-oan River basin, Bohol Island, the
- Philippines, we carried out simulations for
the transition of prevalence under three
situations: human control with selective mass
treatment, snail control with wuse of
melluscicides, and both human and snail
control (Fig. 3). The simulation indicates that
the parasite rate will be restored after the
selective mass treatment trial for only the
human contrel, while the parasite rate will
remain below 1% after the measures are
implemented for both human and spail
control. In addition, snail ¢ontrol can reduce
the parasite rate gradually,
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Fig.4 Comparison between the transition of
parasite rate in villagers derived from the model
and the parasite rate observed in mass examination
of a village located in Kinan-oan River Basin. In a
simulation, we used the actual‘value as intake
compliance rate and assumed that the effective
rate of molluscicides would be 50%.

It is important to consider the
relationship between the model and reality.
We performed a follow-up study on the S.
Japonica model. The transition of parasite
rate which was derived from the model was
compared with the observation value based
on a mass examination of villagers located in
Kinan-oan River Basin, which showed that
the model conforms with the real sitnation
(Fig. 4). -

In the S. japonica model, we have to
give careful consideration to animal
reservoirs. When they play a part in the
preservation of S. japonica, it would be
difficult to eliminate S. japonica by means of
chemical therapy for people only. Generally,
it is difficult to manage control for animal
reservoirs. Field surveys showed that rats
may contribute to S. japonicum prevalence.
It's possible that S. japonicum would prevait
in other animals if the prevalence rate rises
by a large margin.

. Although it is inevitable that a
transmission model of zoonosis will have a
complicated structure because of the
complicated route of transmission, the
evolution of the model as a quantitative
description of infection can be helpful in
planning more suitable control measures.
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