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Zusammenfassung

Zusammenfassung

Die Bilharziose ist eine der haufigsten parasitéaren Infektionskrankheiten, vor
allem in den Tropen und Subtropen. In 76 Landern ist die Krankheit momentan
endemisch und stellt dort eine grosse Burde fur die betroffenen
Bevolkerungsgruppen dar. Es wird geschéatzt, dass rund 650 Millionen Menschen in
Gebieten leben, wo sie dem Risiko der Bilharziose-Infektion ausgesetzt sind. Rund
200 Millionen Menschen sind mit dem Krankheitserreger infiziert, 120 Millionen
Menschen zeigen Symptome der Krankheit und 20 Millionen leiden an schweren
Folgen der Krankheit. Obwohl in China Morbiditatskontrolle geméass Empfehlungen
der Weltgesundheitsorganisation wahrend mehr als 20 Jahren implementiert wurde,
gehen Experten davon aus, dass weiterhin 90 Millionen Menschen dem Risiko der
Krankheit ausgesetzt sind, und dass rund 820'000 Leute mit dem Erreger
(Schistosoma japonicum) infiziert sind. Die totale Flache der Habitate von den
Zwischenwirtsschnecken (Onchomelania hupensis) wird auf 3'436 km? geschétzt, vor
allem in den fiinf Seenregionen entlang dem Yangtzefluss. Anhui, Jiangsu, Jiangxi,
Hubei und Hunan sind die am starksten betroffenen Provinzen. Die Kontrolle der
Bilharziose in den Sumpfgebieten der Poyang-Seenregion gestaltet sich als
besonders schwierig. Es wird geschéatzt, dass rund 79.5% der akuten Bilharziose
Falle und 96.4% der Zwischenwirtshabitate in diesen Gebieten konzentriert sind. Mit
dem grossangelegten 10-jahrigen Weltbank-Darlehensprojekt (1992-2001), welches
zum Ziel hatte, die Bilharziosekontrolle in China voranzutreiben, ist die Préavalenz der
Krankheit massive zuriickgeganen. Dennonch sind die Reinfektionsraten hoch in den

Gebieten wo die Endemizitat besonders hoch ist.

Im ersten Teil der hier vorliegenden Dissertation fasse ich die 50-jahrige
Geschichte der Erfahrung und Expertise China’s in der Kontrolle der Bilharziose
zusammen. Ich diskutiere vor allem die Strategie der Morbiditatskontrolle und fasse
die Erfolge des Weltbank-Darlehensprojektes zusammen. Dabei komme ich zum
Schluss, dass China in der Tat die Morbiditat der Krankeit erfolgreich bekampft hat,
und diese Strategie somit der wichtigste Bestandteil bleiben wird, um die Krankheit
im Schach zu halten und dabei zum Schutz der Gesundheit der Menschen beitragen
wird. Die Kosten sind jedoch betrachtlich. Im zweiten Teil dieser Dissertation
beschreiben ich die erfolgreiche Entwickung von einem Computer-Model zur

Identifizierung von Habitaten der Zwischenwirtschnecken, und somit den
XVl



Zusammenfassung

Haupttransmissionsorten der Krankheit. Die drei wichtigsten Erkenntnisse kénnen
wie folgt zusammengefasst werden. Erstens, mit einer einfachen visuellen
Klassifizierung typischen Landnutzungsmustern mit Hilfe von Satelitenbildern lassen
sich prominente Schneckenhabitate identifizieren. Zweitens, Extraktion von einem
Vegetationsindex und dem sogennanten “Tasseled Cap Brightness Index" lassen
sich Prediktionen weiter verbessern. Drittens, die Verwendung von Pufferzonen (600
und 1200 m) um die vorhergesagten Schneckenhabitate erméglicht eine akurate
Einteilung von Gebieten mit hoher (> 15%), mittlerer (3-15%) oder tiefer
Bilharziosepravalenz (< 3%). Preliminare Validierung des entwickelten Models mit
Schneckenfelduntersuchungen in der Poyang-Seenregion ergab, dass das Model
prazise Voraussagen zur Scheckenverteilung macht. Anwendung des Models erlaubt
somit eine rasche und kostenglnstige Identifikation von Risikogebieten der
Bilharziose, was von grosser Bedeutung ist fir das nationale Bilharziose
Kontrollprogramm. Das Model beinhaltet ausserdem grosses Potential fir das
Monitoring der Krankheit ganz allgemein und das Monitoring des Three Gorges

Reservoirgebietes.
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Summary

Summary

Human schistosomiasis remains one of the most prevalent parasitic infections
in the tropics and subtropics. The disease currently is endemic in 76 countries and
territories and continues to be a major public health concern, especially in the
developing world. It is estimated that 650 million people are at risk of infection.
Among the 200 million people actually infected, 120 million are symptomatic and 20
million suffer severe disease. Although morbidity control — in line with
recommendations put forth by the World Health Organization — has been carried out
in China for more than 20 years, it is estimated that 90 million people still live in areas
where they are at risk of infection, and 820,000 people are infected with the parasite,
i.e. Schistosoma japonicum. The estimated area of intermediate host snail habitats
comprise 3,436 km?, concentrated in the 5 lake regions along the Yangtze River that
include the provinces of Anhui, Jiangsu, Jiangxi, Hubei and Hunan. The marshlands
of the Poyang Lake region represent some of the strongholds for the transmission of
S. japonicum. In these settings, for example, the percentages of acute cases and
intermediate host snail habitats represent 79.5% and 96.4%, respectively. With the
World Bank Loan Project (WBLP) to control schistosomiasis in China, the overall
prevalence of S. japonicum was significantly reduced, but in highly endemic areas

the re-infection rates are high.

In the first part of the present thesis, | summarize the 50-year history of China’s
experience and expertise in schistosomiasis control. Particular emphasis is placed on
morbidity control and achievements made by the WBLP carried out between 1992
and 2001. Reviewing this body of literature reveals that morbidity control of
schistosomiasis in China has been successful, and hence this strategy will continue
to form the backbone of protecting people’s health. However, total expenditures have
been considerable, and with the termination of the WBLP there is concern that
schistosomiasis might re-emerge. In the second part of this thesis, | describe the
successful development of a novel compound model to identify the habitats of
Oncomelania hupensis, the intermediate host snail of S. japonicum, and hence the
identification of high-risk areas of disease transmission. There are three findings that
warrant particular notion. First, visual land use classification on multi-temporal
Landsat images was performed for preliminary prediction of O. hupensis habitats.

Second, extraction of the normalized difference vegetation index and the tasseled
XIX
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cap transformation greenness index were used for improved snail habitat prediction.
Third, buffer zones with distances of 600 and 1,200 m were made around the
predicted snail habitats to differentiate between high (>15%), moderate (3-15%) and
low risk of S. japonicum infection prevalence (< 3%). Preliminary validation of the
compound model against ground-based snail surveys in the Poyang Lake region
revealed that the model had an excellent predictive ability. The model therefore holds
promise for rapid and inexpensive identification of high-risk areas, and can guide
subsequent control interventions, such as whether mass or selective chemotherapy
should be employed. The model can also be used for diseases surveillance in
general and the monitoring of ecological transformations on the transmission

dynamics of S. japonicum, for example in the Three Gorges Dam area.
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Introduction

1 Schistosomiasis Burden and Control

1.1 Global Status of Schistosomiasis and its Contro [

Schistosomiasis remains one of the most prevalent parasitic infections in the
world. It is endemic in 76 countries and territories, and continues to be a global public
health concern in the developing world. It is estimated that 200 million people are
infected, of whom 120 million are symptomatic and 20 million have severe disease.
Six hundred million people are at risk of infection. Because it is a chronic insidious
disease, it is poorly recognized during early stages, and becomes a threat to
development as the disease disables men and women during their most productive
years. It is particularly linked to agricultural and water development schemes. It is
typically a disease of the poor who live in conditions which favor transmission and

have no access to proper care or effective prevention measures.

1.2 The Burden of Schistosomiasis in the World

It has to be acknowledged that some progress has been made in
schistosomiasis control. A number of countries have come to appreciate the public
health importance of schistosomiasis and have initiated control since the 1980s or
before. In China and Japan, the high morbidity and mortality due to S. japonicum,
leading to the disintegration of communities and the consequent reduction in
agricultural production justified control (Chen, 1999; Tanaka and Tsuji, 1997). In
Brazil, schistosomiasis was one of the leading public health problems (Katz, 1998).
Control was initiated in Egypt because irrigation is the mainstay of agriculture and it
was felt that morbidity due to schistosomiasis would hamper production (Mobarak,
1982). Also in Morocco, the intensive development of irrigated agriculture and the
associated threat of an expansion of the schistosomiasis problem were the incentives
to initiate national control (Laamrani et al., 2000). Some of these endemic countries,
such as Brazil, China, the Philippines and Egypt, have been able to sustain national
control programmes for a prolonged period and have succeeded in reducing
morbidity to very low levels. Others, such as the smaller Caribbean Islands, the
Islamic Republic of Iran, Mauritius, Morocco, Puerto Rico, Tunisia and Venezuela,

are nearing elimination or have already achieved this goal (WHO, 2001a).
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Recently, the concept of disability-adjusted life year (DALY) was developed in
order to assess and refine estimates of the global burden of disease (World Bank
1993). For sub-Saharan Africa, a morbidity burden due to schistosomiasis of 3.5
million DALYs has been estimated. In comparison with all other communicable
disease, schistosomiasis therefore ranks in tenth position, after respiratory infections
(31.6 million DALYs), malaria (31.5), diarrhea disease (30.4), HIV infections (18.4),
measles (16.1), tuberculosis (13.7), sexually transmitted disease excluding HIV (7.5),
tetanus (5.8), and pertussis (4.8) (Murray, 1994). According to the WHO report of
burden of schistosomiasis in the World (GBD, 1990) show that Africa is 1369 DALYSs,
Egypt is 129, Brazil is 73 and China is 22 (Figure 1).

Schistosomiasis is the second most prevalent tropical disease in Africa after
malaria and is of great public health and socio-economic importance in the
developing world. There are five major species of schistosomiasis which infect man.
One is found in Africa and in South America, two are confined to Africa, and the other

two are found only in the Far East in China and the Philippines.

Schistosoma mansoni — causative agent of intestinal bilharzia — originated in
Africa but was carried to South America with the slave trade where, because a
suitable snail host existed, it became established, particularly in Brazil and the
Caribbean. It is transmitted by snails of the genus Biomphalaria (link), aquatic snails

that thrive in irrigation canals and along lake shores.

Schistosoma haematobium — which causes urinary bilharzia — is transmitted by
snails of the species Bulinus, which inhabit less permanent water bodies, as during
their life cycle they prefer a period of aestivation (hibernation) in mud, during a dry

season.

The third major species of schistosome is S. japonicum, historically widespread
in Japan, China and the Far East, and was the cause of widespread and gross
morbidity and mortality. It affects not only man but also domestic and wild animals.
However, due to effective control measures carried out in Japan during the 1940’s
and 1950's, this parasite has been eradicated in Japan. Snail control and socio-
economic development in China, has reduced the prevalence in most areas, and this

species is now found only in isolated foci in China and some islands in the
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Philippines. S. japonicum is transmitted by an amphibious snail (species

Oncomelania) which makes snail control relatively easy (SCI, 2002).

It has been argued that, compared to Brazil, Egypt and Sudan, sub-Saharan
Africa had less schistosomiasis related morbidity (Gryseels, 1989). However,
numerous reports of substantial late-stage morbidity have been published in the
international literature prior to 1970. Also, a recent review study has quantified the
clinical morbidity associated with schistosome infections in sub-Saharan Africa and
came up with substantial numbers of ill or seriously ill cases (Van der Werf et al.,
2002). The same study also suggested that the number of deaths involving

schistosomiasis in sub-Saharan Africa may be as high as 200,000 per year.
1.3 The Strategy of Schistosomiasis Control Suggest  ed by WHO

The strategy of control in high burden areas

The main principles of schistosomiasis control, such as the concept of
morbidity control and the recommendation that it should be implemented through the
primary health care system, have not changed since the second meeting of the WHO
Expert Committee in 1991 (WHO, 1993). Nevertheless, some elements in
schistosomiasis control have changed during the last decade. Praziquantel--the drug
of choice for all forms of schistosomiasis--has become significantly less costly.
Several brands of good quality, generic praziquantel are on the market today
(Doenhoff et al., 2000; Appleton and Mbaye, 2001). The cost of an average treatment
with this drug has come down to less than 0.30 USD--less than a customary user fee
in health services. This clearly opens up perspectives for a more generalised access
to the drug. It also implies that presumptive treatment, on the basis of early clinical
symptoms, or universal treatment on the basis of epidemiological criteria, have
become cost-effective in an increasing number of endemic situations (Guyatt et al.,
1994, Carabin et al., 2000). As praziquantel is a safe drug, it can be delivered at the
most peripheral levels of the drug delivery system, as well as by non-medical

personnel.

There is also a growing consensus that morbidity control, infection control, and
transmission control are different objectives and should be recognized as distinct and
consecutive steps on the road from morbidity control in the strict sense towards

elimination. In high burden areas, the first step to take in control is indeed to deal with
3
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morbidity in the strictest sense. The WHO has recently reviewed the strategy for the
implementation of morbidity control in high burden areas (WHO, 2002), with
emphasis on better targeting of control interventions, and a more cost-effective and
sustainable implementation of control strategies. The WHO Expert Committees for
the Prevention and Control of Schistosomiasis and Soil-transmitted Helminthiases, in
their first joint meeting held in Geneva (8-14 October, 2001), have defined a simple,
easy and affordable control package adapted to the prevailing public health context
in high burden countries. Integration of control in existing structures and
decentralisation of decision-making and delivery are key elements for sustainable
control in this package. Minimal implementation targets have been laid down in a
recent WHO resolution (WHO, 2001 b).

The strategy of control in low burden areas

It has been demonstrated, in a number of formerly heavy burden countries, that
sustained schistosomiasis control efforts have resulted in significant reductions in
morbidity and mortality. Where disease is no longer a public health issue, sustainable
transmission control focusing on hygiene and sanitation improvement, and
environmental management, should become the major operational components.
These will decrease the risk of resurgence of schistosomiasis as well as strengthen
and continue improvements to other public health goals as well. As the endemic level
decreases, new objectives need to be defined, in view of possible elimination. This, in
turn, leads to new approaches and algorithms defined according to local situations.
Cost-effectiveness and decentralized decision making are also crucial issues in low
transmission areas. Optimal use of resources is indeed necessary to maintain

sufficient control pressure to avoid resurgence.

Schistosomiasis is currently not considered as a disease targeted for
elimination. In the absence of a global effort to eradicate or eliminate
schistosomiasis, WHO has not established a standardized Certification Process
which would involve the setting up of an international commission, and the definition
of standardized criteria to certify that schistosomiasis is not endemic any more in a
given country or area. Moreover, the fact that schistosomiasis has a complex
transmission cycle, that a symptomatic carrier state is common, and that for certain
parasite species an animal reservoir exists, would make the definition of criteria for

elimination a complex issue. Also, interruption of transmission may be reached in
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different ways: by the 'sterilization' of the parasite reservoir, by the elimination of the
snail intermediate host (e.g. through the use of competitor snails), by an improvement
in socio-economic status and hygiene so that contamination and infective water
contact does not occur any more, or by a combination of these scenarios. The issue
is further complicated by the risk of re-introduction of the disease in an area where it
was previously eliminated, particularly where water resource development and/or

migration occurs (Engels et al, 2002).

1.4 Schistosomiasis japonicum

A major difference from the other human schistosomes is the wide range of
domestic and wild mammals which the parasite can use as a definitive host. These
zoonotic infections considerably complicate control activities. S. japonicum was
formerly widespread in mainland China, on Japan, on a number of islands in the

Philippines, and in an isolated focus on Sulawesi.

Strain differences within S. japonicum and its intermediate hosts have been
reported in China (He et al, 1991; lwanaga, 1997; Qian et al, 1996). The adults
worms live around the gut in the mesenteric branches of the hepatic portal vein. Their
reported preference for the superior mesenteric veins may be an artifact due to
studies using very high infections in experimental animals: late pathological lesions of
the human colon suggest a wider distribution (Chen, 1991). Typical, oval eggs with a
lateral spine reduced or absent are voided in the feces, and the molluscan phase of
the life cycle takes place in (semi)amphibious prosobranch snails of the genus
Oncomelania. Human disease, as with all human schistosome, is primarily
associated with those eggs that fail to escape from the definitive host and the various
mechanisms used in their entrapment, isolation and destruction. These mechanisms
involve the formation and resolution of granulomata around such eggs, particularly
those swept to the liver and lungs. Neurological complications due to granulomata
formation in the brain are believed to be more frequent in S. japonicum than in other
schistosome infections. There is evidence that early acute disease in S. japonicum
infections is more severe than for other schistosomes and that it can recur after super

infection later in life among people with chronic infections (Chen, 1991).

S. japonicum also affects a wide range of mammalian hosts, which include

different species of wild, domestic or feral animals (Gang, 1993). This feature of S.
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japonicum might make it the most difficult schistosoma species to control. The clinical
manifestations of schistosomiasis japonica are similar to those produced by S.
mansoni infections; more severe manifestations are generally ascribed to S.
japonicum infections. This is attributed to the latter's higher egg output and pattern of
laying eggs in large aggregates resulting in more florid and presumably destructive
tissue reaction. For example, compared to schistosomiasis mansoni, serum-
sickness-like syndrome or Katayama fever, growth retardation in children, acute
cerebral manifestations and hepatosplenic disease are more pronounced in S.
japonicum (Chen, 1989). In addition to the above features, the mechanism of
granuloma formation in S. japonicum infection seems to be an immediate
manifestation rather than a manifestation of delayed hypersensitivity reaction to egg
antigen (Warren et al, 1975). Modulation of this granulomatous reaction around eggs
deposited in the liver tissue can be transferred by serum but not cells from chronically
infected animals (Olds et al,1982). Furthermore, immunity to S. japonicum seems to
be species-specific (Maloney et al, 1985). Thus, vaccine preparations against S.

mansoni or haematobium may not be protective against S. japonicum.

China represents the largest endemic area of S. japonicum infection. In the
1950's, 10 million persons were estimated to be infected (Mao and Shao, 1982). In
China, infection is endemic mainly in areas along the Yangtze River and to the south
of the river basin. These areas include 348 counties in 10 provinces, the Shanghai

Municipality and the Guangxi Autonomous Region (Qian et al, 1985).

In the Philippines, despite control efforts, S. japonicum infection remains a
serious health problem affecting 167 towns of 24 provinces, with the more prominent
foci existing in Sorsogon in the northern part of the country, in Oriental Mindoro,
Samar, Leyte, Bohol in the central part, and in Mindanao in the south. In the island of
Samar and Leyte alone, there are over 500,000 infected individuals, thus placing

approximately 10 million Filipinos at risk (Olveda et al, 1983).

In Indonesia, schistosomiasis is localized in two limited foci in Lake Lindu valley
and Napu valley in Central Sulawesi. It was estimated in 1984 that around 7000
persons were at risk of infection and about 4000 persons had an active infection
(Hadidjaja et al, 1985). In Japan, there were formerly five endemic areas: four in
Honshu and one in Kyushu. As a result of an intensive control program, only a few

small snail colonies now exist and no new human infections have been reported
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since 1978 (Tanaka et al, 1984). It was estimated that in 1986 about 100,000

patients with chronic schistosomiasis remained in Japan (Tanaka et al, 1984).

1.5 The Epidemiological Situation and Control of Sc  histosomiasis

japonicum in China

Archeological studies have revealed that schistosomiasis japonica has a very
long history in China. S. japonicum eggs were identified in a female corpse dating
back to the Western Han dynasty some 2,100 years ago (Mao and Shao, 1982; Qian,
1986) that was exhumed in 1971 in Hunan province. Schistosome eggs were also
found in the liver of another corpse buried 100 years earlier in Jianglin Hsien, Hubei
province (Zhou, 1994). In old volumes of traditional Chinese medicine (Mao and
Shao, 1982), a description of clinical symptoms resembling Katayama fever (acute
schistosomiasis) can be traced back to 400 B.C. The first reported clinical diagnosis
in modern China was made by an American physician in 1905 in Hunan province
(Logan, 1905).

After the founding of the People's Republic of China in 1949, large-scale
epidemiological surveys were carried out by Chinese scientists to determine the
incidence, prevalence, and intensity of S. japonicum infections. The results revealed
that schistosomiasis was endemic in 380 counties comprising 12 provinces south of
the Yangtze River. Approximately 12 million people were infected, with an additional
100 million people at serious risk. A total of 14,000 square kilometers of infected
Oncomelania flood plains were identified as potential transmission zones despite
remarkable successes in schistosomiasis control achieved over the previous four
decades (Chen, 1999; Chen and Feng, 1999; Mao, 1986) (Figure 2).

In China, endemic areas of schistosomiasis were found along the Yangtze River
and extended southward covering 10 provinces (Jiangsu, Zhejiang, Anhui, Jiangxi,
Hunan, Hubei, Yunnan, Sichuan, Fujian and Guangdong), the municipality of
Shanghai and the autonomous region of Guangxi. There were 5102 townships in 373
counties (cities) where the disease was endemic. The northern geographical
distribution limit was Baoying County, Jiangsu Province (33°5'), south to Yulin
County, Guangxi Zhuang Autonomous Region (22%'), east to Nanhui County,
Shanghai Municipality (121%51') and west to Yunlong County, Yunnan Province

(99%50'"). The highest altitude of the endemic areas was about 3000 meters above the
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sea level (in Yunnan Province) and the lowest at sea level (in Shanghai Municipality).
The most heavily endemic areas were located along the Yangtze River and the 2
biggest lakes (Poyang and Tongting). 10 million persons were estimated to be
infected by that time and the population at risk of the infection was higher than 100
million. The copulative areas of Oncomelania snail habitats were estimated to be
14.8 billion m2 (Mao and Shao, 1982; Qian, 1986).

Schistosomiasis is a strictly regional endemic disease. It is dependent on the
Oncomelania snail distribution. There are 3 types of endemic areas, i.e., marshland
and lake regions, hilly and mountainous regions and plain regions with water-way
networks. In the plain regions, the snails are distributed along river systems and
schistosomiasis spreads widely. In the marshlands of the lake regions influenced by
the Yangtze River (1st degree water level), snails spread out in vast areas. The
marshlands submerged for about half to 5 months are suitable for snail breeding. The
snail distribution in the marshlands influenced by the 2nd degree water level, usually
inside embankments, is similar to that in the plain region with water-way networks.
The snails in the swamp and lake regions can easily spread by floods and the
transmission of schistosomiasis occurs almost year-round. In the hilly and
mountainous regions, the snails are distributed along ditches, channels and river
systems but are isolated from one another. There are snails in the same river system
either in upstream or downstream. These areas are economically underdeveloped
and unaccessable. The mode of transmission is through daily activities and

production.

Based on statistic data in 1989, among 373 counties formerly endemic for
schistosomiasis, 158 have declared transmission interruption, while in 110, it is under
effective control. 72% of 373 endemic counties have reached the criteria for

transmission interruption and transmission control (Yuan, 1989).

In 1989, 118 counties were still endemic for schistosomiasis. Hubei, Hunan,
Jiangxi, Anhui and Jiangsu provinces have problems with schistosomiasis control in
the lake regions, whereas schistosomiasis in mountainous regions is mainly in the
provinces of Yunnan and Sichuan. According to the nation-wide sampling survey
conducted in 1989, it was estimated that there were about 1.63 million infected
persons and among them (endemic areas), about 55,000 were advance cases. The

number of infected cattle was estimated to be 200,000 and the area of snail habitats
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was 3.6 billion m2. Population at risk of infection was estimated to be greater than 44
million. The stool egg positive rate in residents of different provinces was 14.4% in
Hunan, 13.5% in Hubei, 5.5% in Jiangxi and 8.6% in Anhui. In Jiangsu Province, the
infection rate was very low. The number of the infected persons in the 5 provinces
was estimated to be 1.35 million, making up 83% of 1.63 million infected ones
estimated for the whole country. The mountainous endemic areas are mainly
distributed in Yunnan and Sichuan provinces with the stool egg positive rate being
16.8% in Yunnan and 4.4% in Sichuan. The number of infected population was
estimated to be 227,000 in the 2 provinces, accounting for 14.4% of the whole
infected population in China. During the period of 1981-1989, the number of acute
cases had increased year by year. The Oncomelania snail habitats in whole China
were 3.63 billion m2, of which 3.46 billion m2 (95.5%) were in the 5 provinces of lake
regions, 143 million m2 (3.9%) in the 2 provinces of mountainous regions, and 20

million m2 (0.6%) in the plain regions with water-way networks (OEDC, 1993).

The reasons why the endemic areas of lake and mountainous types are the
focal and difficult points of schistosomiasis control are related to local ecological and
epidemiological features of the disease. Socio-economic factors also play an
important part in transmission of schistosomiasis in these areas (Zheng et al, 1997).
In lake regions, in the beaches of lakes, the Yangtze River and others lakes
connected with the River, the water levels are unstable, dry in winter and floody in
summer. In these areas, weeds are growing, and reeds and willow trees are planted,
which are favourable for snail breeding. If these plantations are distributed in
irrigation canals inside embankment, the ecological environment of snails is similar to
that in plain region with water-way networks. Snail control approaches with either
mollusciciding or dam circling each have their difficulties. The former will influence
the ecological balance and the latter will reduce flood dredging. People in lake
regions are densely populated and they and their cattle frequently contact infested
waters for various reasons (Yuan, 1989; Yuan, 1992a,b). As a result, they get
infected and reinfected very easily, and prevalence rates in the lake areas are usually
maintained at considerably high levels. These densely populated lake regions are
one of the main bases of marketable grain production areas in China. The
mountainous regions refer to high and steep mountains in Yunnan and Sichuan
provinces. With moderate climate and plentiful rainfall, snails breed in valley brooks,
grassy lands of hill slopes and irrigation ditches, and on the vertical slopes of

9



Introduction

terraced fields, and so on. Snails are distributed in an independent way, and the
transmission areas are scattered as individual land parcels. Sometimes, two places
are separated only by a peak; one is endemic, whereas the other is non-endemic.
These vast mountainous areas are sparsely populated by poor national minorities.

Communications and transportation are difficult, and so is the control work.

After more than 40 years hard work in control, at present the criteria for
elimination schistosomiasis have been reached in 236 counties (cities) in 5
provinces, whereas in 52 counties (cities) the criteria of transmission control have
been reached (Guo, 1999). Generally, two historical phases can be separated during
China’s fight against schistosomiasis. In the early phase (pre 1980), comprehensive
approaches with emphasis on snail elimination were carried out and later (after 1980)
chemotherapy has been the key approach, supplemented with snail elimination in

areas with high transmission potential, and health education.

Up until 2002, among 418 counties, the transmission had been interrupted in
247 counties, and in 63 counties, the transmission had been under control, whereas
in 108 counties (Figure 3 and Figure 6), the disease was still endemic. The total
number of infected persons was 820,000 and 90 million persons were at risk of the
infection (Chen et al., 2002), and the areas of snail habitats were 3.436 billion m2

and 96% of them was in the marshland and lake areas (Figure 5).

Although schistosomiasis control gained great success during the past 40
years, schistosomiasis transmission still exists in most of the marshland and
mountain areas. During the World Bank Loan Project, effect chemotherapy reduced
human infection and intensity. However, it is difficult to interrupt the transmission. 1)
The gains from chemotherapy are not easily consolidated due to reinfection in
residents with a rate between 5 and 47% after chemotherapy according to different
authors (Yuan, 1992a,b). Synchronous chemotherapy both for humans and bovines
has been implemented in Hunan since 10 years. However, human infection rates
fluctuated around 6% since the second year of chemotherapy, i.e. 1988. It was
difficult to further decrease the infection rate due to a high re-infection rate. The high-
risk persons are the key target population for chemotherapy and need treatment
more than once a year. 2) Bovine is the main infection source of schistosomiasis, in
China, 40 mammalian species have been found infected with S. japonicum. Cattle,

buffaloes and pigs are of great importance in contamination of the marshland (Guo et
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al, 2003). It is quite difficult to treat those animals of these areas. Mobile cattle
population recently increased along with economic development. Cattle are income
sources for the farmers in the region. Although cattle were screened yearly and
chemotherapy was given during WBLP period in some areas, the number of infected
animals did not substantially decrease. Cattle are a more important source of
infection than humans in swamps and lakes. If we can’t control the cattle from
schistosome infection, it will very difficult to control the transmission of
schistosomiasis. 3) After the serious flood in the Yangtze River valley in 1998, both
snail-infested areas and the possibility of infection with S. japonicum through water
contact have increased. Furthermore, in order to reduce the impact of floods, the
China State Council adopted a policy on anti-flooding by 'returning cultured land into
the lake and relocating of farmers from endemic areas to newly established towns'. It
is one of the new issues in the schistosomiasis control program that needs
investigation, since the policy may contribute to the increase of snail habitats on a
large scale, increase of possibility for people in close contact with infested water, and
increase the prevalence of schistosomiasis in some areas. 4) The impact of the
Three Gorges Dam project on transmission of schistosomiasis in the middle and
lower reaches of the Yangtze River is still unclear. There is a need to strengthen the
investigation and surveillance on the impact of water levels on the distribution and

dispersal of Oncomelania snail in the Yangtze River valley.

1.6 Schistosomiasis in Jiangxi Province

Jiangxi province is one of the most serious endemic areas for schistosomiasis
japonica in China. In 1924, an epidemiologist by the name of John Faust first found
the disease in Shahe Township, Jiujiang County of Jiangxi Province. Jiangxi was
thereafter, officially declared an endemic areas with schistosomiasis. It was later
discovered that 33 counties/cities and 314 townships (farms) were endemic with
schistosomiasis according to a province-wide survey during the period of 1953-1956.
In 1957, two more counties and 58 townships were also discovered endemic for
schistosomiasis. It can then be concluded that a total of 35 counties (cities) and 372
townships (which includes 2,374 administrative villages) were endemic for

schistosomiasis (Hu et al, 1999).

In the 1950s, statistical data revealed that in Jiangxi, the total area of snalil
habitats was about 2.4 billion m2. The cumulative number of infected subjects was
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530,000 and that of buffalo/cattle was about 50,000. Among the infected subjects,
advanced and acute cases accounted for 8% and 5% of the total respectively. The
population at risk of infection was 15.5 million, 6.97 million and 3.91 million in
endemic county-, township-, and administrative village-level respectively (Zhang et al,
2002).

According to geographical patterns of endemic areas and ecological
characteristics of the vector snail, schistosomiasis endemic regions in Jiangxi have
been stratified into two types, namely, marshland and lake regions and hilly and
mountainous regions. In the 1950s, the endemic situation of schistosomiasis was
extremely serious in various endemic areas of Jiangxi province. Average infection
rate for inhabitants was above 10%. Over 30% prevalence was found among
inhabitants living around the Poyang Lake, some even up to 80%. There were 40,000
— 60,000 people yearly infected with schistosomiasis due to contact with infested

water, of them 2,000 were acute (Zhang et al, 2002).

Poyang Lake in Jiangxi Province is unique. It is connected to the Yangtze River
by a narrow passage. People live behind dikes, whether on high islands in the lake
basin or outside the basin. The lake is completely surrounded by dikes, so that with
the annual floods (beginning in late May or June and ending in October or
November), the lake fills up like a bathtub. During high flood season, the lake is an
inland sea available only to fishermen. When the flood subsides, the lake loses as
much as 75% of its water, exposing vast flat marshlands. These marshlands
constitute a major area of endemicity for schistosomiasis. The marshlands are used
for grazing cattle. The epidemiology of schistosomiasis in the Poyang Lake has four
unique features. First, cattle are considered to be responsible for more than 85% of
the transmission from snails to humans in the lake basin (Guo et al 2003). Second,
there are no snails living outside the lake basin behind the dikes. Third, all
transmission occurs in the lake basin. Finally, the annual floods drown snails, and
presumably the life cycle of the snails is reduced to 1 year or less (Zhang et al,
1996). Most reproduction must then occur in the spring, when the soil temperature
rises above 10~C (March or April, depending on the year). The very young snails can

withstand the flood and live as aquatic snails.

During the 10 years prior to implementation of the project, control of

schistosomiasis in hilly and mountainous endemic areas had been further
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consolidated and developed through adopting the successful method of “snail control
as the main measure in combination with chemotherapy for inhabitants and
livestock”. High endemic villages (Prevalence>15%) were reduced from 241 to 90
villages, and medium endemic villages (prevalence between 3-15%) were reduced
from 777 to 495 villages (Lin et al, 1999). However, in marshland and lake regions,
area of snail habitats is very wide and prevalence factors quite complicated. Some
methods such as building embankments and elimination of snails by molluscicide,
which were quite effective in the past, cannot be adopted again now because of
some negative impacts on the environment. Effective chemotherapy can reduce
human infection rate and intensity of infection quickly. However, it is difficult to
interrupt the transmission in these areas. According to statistics in 2001, 100,000
chronic cases were estimated, 10,000 bovines with schistosomiasis and about 700
millions m2 snail habitat, more than 80% located in Poyang Lake region (Figure 4).
And the re-infection rate is about 12-24%, and new-infection is about 5 -12 % in high
endemic areas. It was 35% in villages where prevalence was at the high level in

island of Poyang lake region (Zheng, 1999). There are 148 acute case occur in 2002.

After 10 years of morbidity control under the World Bank Loan Project, the
prevalence of the residents had clearly reduced, especially in lake regions (Chapter
4). But there are still facing some problems, including 1) the compliance of mass
chemotherapy, some results show the coverage of mass chemotherapy in high
endemic areas was reduced due to yearly mass chemotherapy (Chapter 10). 2)
schistosomiasis transmission still exists in most of the marshland and bovines are a
very important transmission source (Chapter 8 and 9). 3) environmental change and
funds for schistosomiasis control were reduced after the biggest project (Chapter 4
and 5).

It is clear that large scale chemotherapy can considerably reduce infection
rates. Even if encouraging short term results have been obtained, we are still far from
a satisfying long-term solution. If we stop mass chemotherapy for 1 or 2 years,
prevalence would rise again. As long as transmission continues, mass or selective

chemotherapy will have to be repeated indefinitely.

To overcome these problems the following activities are to be implemented in
the future: 1) continuing the activities on strengthening control program for morbidity

control strategies in high endemic areas, and maintain and consolidate the
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achievements (Chapter 6); 2) strengthening the epidemiological surveillance in
different types of endemic regions especially for lake regions in order to understand
the changes of transmission and prevalence in time and provide reliable information
for decision making (Chapter 14); 3). strengthening scientific research and accelerate

field applications (Chapter 7).

In China, although the morbidity control was carried out for more than 20 years,
the total number of infected persons was about 820,000 and 90 million persons were
at risk of the infection, and the areas of snail habitats were 3.436 billion m2. After the
World Bank Loan Project, the prevalence reduces clearly. However, the re-infection
rate and new-infection is very high in high endemic areas every year especially in
lake region with flooding. It is easy to spread the snail and local residents have more
chance to get infection. While the most of the areas are maintain a low prevalence
situation, disease surveillance and snail survey are heavy work. In order to maintain
and consolidate schistosomiasis control, it should be continue the strategy of
morbidity control in China. GIS/RS can apply in identification of snail habitat and map
the high risk areas for mass chemotherapy before making a schistosomiasis control
programme. We also can use GIS/RS to find new areas with snail habitat and high

potential risk areas, such as Three Gorges areas.

Burden of schistosomiasis in the world
(GBD 1990)

almost eliminated
Il ongoing large-scale control programmes
limited or no control

Figure 1 Burden of schistosomiasis in the world (GBD 1990) (WHO, 2002)
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Figure 4 Prevalence of schistosomiasis in Jiangxi province (2000)
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Distribution of snail habitats in 2002
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Figure 5 The distribution of snail habitats in 2002
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2 Rationale

2.1 Character of Oncomelania in China

There are 96.3481 million person living in schistosomiasis endemic areas in
China. Snail habitat areas were 3.466 billion square meters. 94.5% (3.276 billion
square meter) snail habitats were in the marshland areas and 4.450% (154 million
square meter) in the mountainous and hilly areas and 1.05% (36.5 million square
meter) in the plain areas (Guo, 1999). Studying the snail distribution and
schistosomiasis transmission rule has very important significant for shaping the
strategy of schistosomiasis control. Poyang Lake in Jiangxi province is unique. These
marshlands constitute a major area of endemicity for schistosomiasis. There is very
typical ecology of Oncomelania in Poyang lake region. “No grass no snail”. There are
many factors influencing the snail distribution, especially elevation, flooding and
vegetation. In general, there are no snail habitats in places that are submerged either
less than one month or more than 8 months. There are few snail found in places
submerged between 6-8 months. A high density of snail is in areas submerged
between 4-5 months. There is abundant vegetation in these areas. In other words,
there is a very close relationship between snail distribution and elevation of
marshland. Most of the snail habitats are between the 14 to 17 meter elevations in

Poyang lake region.

2.2 Remote Sensing as a Landscape Epidemiological T ool

Remote sensing promises to bridge the gap between intensive ecological
research and better planning and management of landscapes (Jones et al, 1988).
Two distinct advantages of remote sensing for environmental studies are that (1)
observer interference is prevented because of the large distance between the sensor
and the object; (2) regional or even global measurements can be done repeatedly
and (there is a wide variety of spectral ranges and sensors available to provide

remotely sensed data (Lulla and Mausel, 1983)

Determining the meaning and validity of remote sensing data requires familiarity
with the ecosystem that is being measured, along with a basic understanding of the
matter-energy relationship manifested in the remotely sensed data (Jones et al,

1988). Four kinds of ecological inquiry are amenable to remote sensing techniques

19



Rationale

(Jones et al, 1988): (1) inventory and mapping of resources, (2) quantification of
environmental characteristics, (3) describing the flow of matter and energy in the
ecosystem, and (4) evaluating change and alternative solutions for ecosystems

management.

The landscape epidemiological approach to the study of disease is based on
the identification of environmental factors that determine the temporal and spatial
distribution of both vectors and disease (Pavlovsky, 1966; Meade et al., 1988).
Factors such as elevation, temperature, rainfall, and humidity influence the presence,
development, activity, and longevity of vectors, as well as the development of
schistosoma parasites within vectors. Vegetation type and distribution are also
determined by these variables and influence vector populations as well. Therefore,
we can hypothesize that vegetation as expressed by landscape elements can be

used to predict the distribution and abundance of certain vector snails.

The 1990 International Conference on Applications of Remote Sensing to
Epidemiology and Phraseology serve to illustrate the diversity of potential remote
sensing applications in vector surveillance and control programs. Successful
application of remote sensing technology depends on the ability to I) extrapolate
measurements made at a local level to a regional or global scale, 2) formulate and
test new research hypotheses, and 3) develop near-real time models to predict the

spatial and temporal patterns of vector populations and disease transmission risk.
2.3 Rapid Assessment of Schistosomiasis Risk

2.3.1 Snail Habitat

The area over which schistosomiasis is endemic depends on the distribution
and population of the host snails, which in turn it depends on geographical and
environmental characteristics such as vegetation, land-use patterns, surface waters,
quality and humidity of the soil, and climatic changes. The four main factors of
schistosomiasis transmission, vegetation, wetness, soil temperature and elevation
can be extracted by remote sensing. By hypothesizing environmental characteristics,
as expressed by landscape elements, we can predict the distribution and abundance
of certain vector snails. The resolution of a Landsat 7 image is 30 X 30 m. This is
sufficient to assess large areas such as the 10,000 square meter marshlands in

Poyang lake areas. However, it is too low to recognize snail habitats in small rivers
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and channels. In this thesis, we develop a model of rapid identification of snail
habitats in Poyang lake by analysing remotely sensed satellite images. The model
has been validated in the field. We also identify the snail habitat within the micro-

environment, including pH value and other microelement.

2.3.2 People’s Behaviour Including Water Contact

We used mass chemotherapy in high endemic where the prevalence is more
than 15 %, and selective chemotherapy in medium and low endemic areas where the
prevalence is less than 15% during the World Bank Loan Project. Many studies show
that it is not reasonable to expect compliance from residents who have been treated
frequently. Even residents who never contacted infective water were treated. One
year later none of the serological diagnosis can detect re-infection after treatment. In
this study, we will use the mode of water contact to analyse the frequency of water
contact and water contact score. The aim is to record patterns of water contact to
detect individuals at risk, and to set an indicator to make certain the individual target

of treatment as well as to assess the prevalence in these areas.

2.3.3 Distance Between Villages to Transmission Sit  es

Most studies in Poyang Lake region shows that there is a relationship between
prevalence and distance between villages to transmission sites. In this study we
apply our rapid identification of snail habitats model to estimate the prevalence of S.
japonicum in the villages of our study area by measuring the distance of each village
from the transmission sites from the transmission sites predicted by the model. This
approach enable us to identify areas where schistosomiasis control strategies (i.e.

mass chemotherapy or selection chemotherapy) should be applied.

21



22



Goal, Objectives and Underlying Hypotheses

3 Goal, Objectives and Underlying Hypotheses

The overall goals of this thesis are:

To summarize the Chinese experience in schistosomiasis control and to map
snail habitat and high transmission areas in the Poyang lake region. It is also to
explore and model the relationship between prevalence and distance from village to

high transmission sites to predict high potential risk transmission areas.
Objective 1

Describe and analyse the experience of schistosomiasis control in China during

the past 10 years.
Objective 2

Describe the different characteristics of snail habitats around the villages, and

relate them to environmental factors which can be extracted by Remote Sensing.
Objective 3

Estimate the prevalence of schistosomiasis among residents and bovines by
modelling water contact patterns and distance between transmission sits and human
habitats, mainly via (1) comparing RS images and setting up a transmission model
for human infection in Poyang Lake region, and (2) predicting and validating the

potential of high transmission in Poyang lake region.
Hypotheses

1. Remote Sensing cannot differentiate the characteristics of snail habitat with

regards to vegetation, humidity and temperature.

2. There is no relationship between infection rates and water contact and distance

from village to high transmission sites.
Strategy of study

In order to test both hypotheses, the following steps have been used:
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. analysis of the experience of schistosomiasis control in China during the past

10 years

. analysis of S. japonicum transmission patterns in pilots villages with high

endemicity

. description and analysis of snail habitats by RS and conventional sampling

techniques,

. description of the transmission dynamics by analysing the water contact

patterns,

. development of a transmission model of schistosomiasis by combined analysis
of ground level pictures of transmission sites, a GIS database of key features,

and RS images,
. estimation of the predictive potential of the transmission model in other areas.
These steps will be pursued in three phases:
Phase I: Map snail habitat and high transmission areas in Poyang Lake region

Phase II: Explore the relationship between snail habitat and Thematic Mapper (TM)

image data.

Phase llI: Explore the relationships between prevalence and distance from village to
high transmission sites and water contact and set up a model to predict high potential

risk transmission areas.
Structure of the thesis

The studies described in the present thesis include the description of
schistosomiasis control in China, in particularly the strategy, achievements and
results on morbidity of the World Bank Loan project on schistosomiasis control during
the past 10 years, including some field activities and cost estimates (Chapters 4, 5, 6
and 7). Features of the schistosomiasis epidemiology in Poyang lake such as the
distribution of the snail habitats, the characteristics of schistosomiasis transmission,
the role of buffaloes in transmission patterns and the mass chemotherapy

compliance of residents in high endemic areas are given in Chapters 8, 9, 10 & 11.
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New approaches and techniques which have impacted the strategies of
schistosomiasis control in China are discussed in Chapter 12. Chapter 13 presents
a GIS and RS application on identifying bovine grazing areas which are suitable for
snails. Finally, we have developed a new model using GIS and RS technologies for
identifying snail habitats in the Poyang lake area. Preliminary validation revealed
excellent accuracy of the model in predicting the presence of Oncomelania hupensis.
The model has been further applied in estimating the overall prevalence of S.
japonicum in the villages in the Poyang lake area. A description of the model and its
applications are given in Chapter 14. Discussion and concluding remarks are
included in Chapter 15.
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4.1 Abstract

China has been carrying out large-scale schistosomiasis control since the mid-
1950s, but in the early 1990s, schistosomiasis was still endemic in eight provinces. A
World Bank Loan Project enabled further significant progress to be made during the
period 1992-2001. The control strategy was focused on the large-scale use of
chemotherapy — primarily to reinforce morbidity control — while at the same time
acting on transmission with the ultimate goal of interrupting it. Chemotherapy was
complemented by health education, chemical control of snails and environmental
modification where appropriate. A final evaluation in 2002 showed that infection rates
in humans and livestock had decreased by 55% and 50%, respectively. The number
of acute infections and of individuals with advanced disease had also significantly
decreased. Although snail infection rates continued to fluctuate at a low level, the
densities of infected snails had decreased by more than 75% in all endemic areas.
The original objectives of the China World Bank Loan Project for schistosomiasis
control had all been met. One province, Zhejiang, had already fulfilled the criteria for
elimination of schistosomiasis by 1995. The project was therefore a success and has

provided China with a sound basis for further control.

Key words: Schistosomiasis japonica/epidemiology/drug therapy/prevention and

control; Program evaluation; World Bank; China

4.2 Introduction

Schistosomiasis caused by Schistosoma japonicum has long been a major
public health problem in China. Sustained control efforts had reduced the number of
infected people from 11.8 million in the 1950s (Chen et al. 1999) to 1.6 million in
1989 (DEDC, 1993). Four out of 12 provinces had eliminated schistosomiasis by that
year, but the disease was still endemic in 240 counties in eight provinces, and 44
million people were estimated to be at risk. Oncomelania snails were still present in
numerous areas covering a total of 3.6 billion m?, and the animal reservoir of S.
japonicum — thought to play a major role in transmission — was still considerable.
Approximately 0.2 million cattle and buffaloes were estimated to harbour the
infection. Schistosomiasis control therefore faced a serious challenge at the end of
the 20th century. There was a consistent gap between the available funding and the

financial resources required to make further progress. In response to this situation,
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the Chinese Government obtained a long-term World Bank loan to boost

schistosomiasis control.

The objective of The World Bank Loan Project (WBLP) for schistosomiasis
control was to boost morbidity control according to the strategy recommended by the
WHO (WHO, 1993; OEDC, 1996) while, at the same time acting on transmission with
the ultimate goal of interrupting it. The main control tool was large-scale
chemotherapy; this was complemented by health education, chemical control of
snails and environmental modification where appropriate. The specific operational

targets set were as follows:

. to reduce the prevalence of infection in humans by 40%;

. to reduce the prevalence of infection in cattle and buffaloes by 40%; and

. to reduce the snail infection rate and the density of infected snails by at least
50%.

4.3 Materials and Methods

The project area covered eight provinces containing 219 counties in which
schistosomiasis was still endemic in 1992. Three operational strata were defined on
the basis of disease prevalence in humans as recorded during a nationwide
epidemiological survey conducted in 1989 (DEDC, 1993), and different control
strategies were applied in each of these strata. Large-scale chemotherapy was the
main control tool used to reinforce morbidity control in areas of high endemicity (i.e.
prevalence >15%) and medium endemicity (i.e. prevalence between 3% and 15%),
whereas in areas of low endemicity (i.e. prevalence < 3%) the transmission control
component was reinforced by environmental management. The technical approaches

are described below.

4.3.1 Chemotherapy in human populations

In areas of high endemicity, all individuals between 6 and 60 years old were
given yearly treatment. In areas of medium endemicity, half of the residents were
screened by examination of a stool examination (using the Kato—Katz technique) or a
serological test (enzyme-linked immunosorbent assay (ELISA), circumoval precipitin
test or indirect haemagglutination test) every year (i.e. each person was tested every

other year) and those with positive results were treated. In areas of low endemicity,
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all 7-14-year-old children were screened in the same way as in areas of medium
endemicity every other year and treated if their results were positive. The treatment in
all areas consisted of a single dose of praziquantel, at a dosage of 40mg/kg body

weight.

4. 3.2 Chemotherapy in livestock

In areas of high endemicity, all cattle and buffaloes were treated once a year
without preliminary screening. In areas of medium endemicity, approximately one-
third of cattle and buffaloes were treated once a year, primarily those that had been
pastured on areas with transmission potential. In areas of low endemicity, cattle and
buffaloes imported from other provinces in which schistosomiasis was endemic and
those under 2 years of age pastured on snail-infested land were examined and

treated with praziquantel if infected.

4. 3. 3 Snail surveillance and control

In areas of high endemicity of schistosomiasis, random snail surveys were
carried out in approximately 40% of the snail infested areas each year. Mollusciciding
with niclosamide, at a concentration of 2 ppm by immersion or 2 g/m? when sprayed,
was carried out in areas where infected snails were found. In areas of medium
endemicity, yearly snail surveys were carried out around villages and in half of the
areas with high transmission potential. Wherever infected snails were found,
molluscicide treatment was carried out. In areas of low endemicity, 50% of the snail
habitats were surveyed annually and areas with infected snails treated with
niclosamide. Chemical molluscicide treatment in all the above-mentioned localities
was generally done annually. Environmental modification was primarily carried out in
areas of low endemicity with the aim of permanently interrupting transmission.
Environmental modifications included the digging of new ditches and filling of old
ones, lining of irrigation canals with concrete, and the alteration of sluice gates to
prevent snails from spreading into other sections of an irrigation system (e.g. by

adding a sedimentation pool) (Chen et al., 1999).

4. 3. 4 Health education

Healthy behaviours were encouraged through health education. The tools used
included comic-style booklets, radio and television spots and other innovative

techniques. By the end of the WBLP, more than 80% of residents in areas in which
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schistosomiasis was endemic were expected to understand the aim of
schistosomiasis control; more than 70% of the target population were expected to
modify their behaviour, reduce contact with infested water or adopt preventive
measures (such as the use of repellents or the impregnation of clothes with
niclosamide) if contact with infested water was inevitable; and more than 90% of the
target population were expected to fully cooperate with anti-schistosomiasis

professionals in the screening and/or treatment activities.

4. 3.5 Disease surveillance

To monitor epidemiological changes and trends during implementation of the
programme, a system was set up in which 3% of villages in areas with high
endemicity were randomly selected as surveillance sites every year, and 1% of
villages in areas with medium and low endemicity. On the basis of the surveillance
data collected (on humans, livestock and snails), the level of endemicity in the
villages was regularly reclassified (every 1-2 years), and the control strategy adapted
accordingly. Once a township (including from several to 20 villages) had reached a
low level of endemicity, it was also regularly evaluated against a different set of
criteria, aimed at determining whether it had reached the stage of "transmission
control" or "transmission interruption” (Chen et al., 1999; OEDC, 1996). Monitoring

of the implementation process was also part of the surveillance system.

4. 3.6 Training and operational research

Regular training courses were provided for schistosomiasis control staff and
programme managers to improve their technical and management skills. Operational
research was guided by a joint research management committee (JRMC), involving
both Chinese and foreign experts. The responsibilities of the JRMC were to define
the priorities for operational research, to gradually increase the research capacity of
Chinese professionals working in schistosomiasis control, to check the quality of
research proposals and approve funding for them, and to monitor progress in

research (Yuan et al., 2000).

4.4 Results

The total investment in schistosomiasis control by the WBLP has been 890
million RMB yuan (approximately US$ 152 million), of which 416 million RMB yuan
(US$ 71 million) was a loan provided by The World Bank and 474 million RMB yuan
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(US$ 81 million) came from counterpart funds provided by the Chinese Government.
The WBLP started in eight provinces in 1992, was finalized in five of them (Anhui,
Jiangsu, Jiangxi, Sichuan and Zhejiang) at the end of 1998, and continued until the
end of 2001 in the three remaining provinces (Hubei, Hunan and Yunnan). However,
the five provinces that completed the project in 1998 continued to carry out
schistosomiasis control with their own funds according to the operational plan set out
by the WBLP.

During the 10-year implementation period of the WBLP, more than 63 million
people were screened, and almost 19 million treatments were given, both in mass
chemotherapy and selective treatment campaigns. A total of 1.7 million cattle and
buffaloes were screened and those infected were treated with praziquantel. An
additional 2.2 million animals received mass chemotherapy. In 1998, when the WBLP
came to an end in five of the eight provinces, the number of infected people in China
had been reduced by 50% from 1.7 million (in 1992) to 874 500 (Table 1). This
number had further decreased to 828 000 in 2001. The average number of patients
diagnosed per year with acute schistosomiasis decreased from 6386 during the
period 1989-91, to 1093 cases during the period 1996-2000, despite severe floods
in 1998-99. In 2001, only 573 acute cases were reported (Chen et al. 2002). The
number of patients with advanced hepatosplenic disease decreased from 55 000 in
1989 to 25 664 in 2001, a decrease of 53.3% (Chen et al. 2002) (Figure 9). All other
operational targets appeared also to have been reached in 2001: the percentage of
humans who had positive results of stool examination had decreased by 55%, the
number of infected cattle and buffaloes by 55% and the percentage of animals with
positive results of stool examination by 50%. The density of infected snails in areas of
high, medium and low endemicity had decreased by 76%, 90% and 87.5%,
respectively (Table 1).

Although the density of infected snails had substantially decreased, the total
area of snail habitats fluctuated during the period 1992-98, from 3.3 billion m? to 3.5
billion m? (Wang et al., 2000). In 2000, the percentage of humans and animals with
positive results of faecal examination had increased to 4.15% and 3.36%,
respectively, following the 1998-99 floods (Chen et al., 2001).

Approximately 9.6 billion m? of snail habitats were regularly surveyed and snail

control was carried out on an area of 3.9 bilion m?. Environmental modification
32



Schistosomiasis Control in China: Impact of the World Bank Loan Project

projects were carried out on 1.1 billion m? and the remaining area (2.8 billion m?)
was regularly treated with molluscicide. Between 1996 and 2001, a total of 1167
projects for environmental modification (at an estimated cost of between 50 000 and
200 000 RMB yuan each) were carried out. A health education network was
established. Various types of video and broadcasting material, information
pamphlets, posters, slogans and textbooks were developed and distributed during
the project period. The coverage rate for health education in the field of
schistosomiasis control was very high in school-age children. In villagers living in
areas where the disease was endemic, knowledge about schistosomiasis increased,
resulting in decreased contact with infested water and increased individual protection
when contact with infested water was unavoidable. As a result of health education,

the adherence rate for screening and treatment activities approached 90% (Table 3).

Table 1 The World Bank Loan Project for schistosomiasis in China: operational
indicators 1992-1998.

Item In 1992 In 1998 Reduction rate (%)
No. infected 1733981 874515 49.57
Persons
Positive rate (%) in 6.93 3.14 54.69
fecal examination
No. infected bovine 104764 47115 55.03
Positive rate (%) in 6.38 3.17 50.31
fecal examination
in bovine
Density of infected
snails in areas with
high endemicity 0.0078 0.0019 75.64
medium endemicity  0.0060 0.0006 90.0
low endemicity 0.0008 0.0001 87.5

In a total of 3669 villages under surveillance, 1 445 800 people and 154 907
cattle and buffaloes were randomly screened, and of those screened 62 978 people
(4.3%) and 6439 animals (4.1%) were found to be infected. A total of 6 720 075

quadrats (0.1m? each) of land potentially inhabited by snails were surveyed. A total of
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3 669 720 snails were collected and dissected, and 9637 (0.26%) were found to be
infected. Snail infection rates remained below 0.76% over the whole duration of the
project, with slight year-to-year fluctuations, presumably reflecting the varying
intensity of yearly flooding or due to sampling variation (Fig. 10). The density of
infected snails decreased sharply in areas of high and medium endemicity during the
first 5 years of implementation of the control programme, and was thereafter
maintained at a level below 0.003/0.1m? (Fig. 11).
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Figure 9 Changes in the number of infected persons and bovines from 1992 to 2001

The number of villages and people in the three epidemiological strata, as well
as the average prevalence of schistosomiasis in each stratum, changed substantially
over the project period, with a gradual shift towards a lower level of endemicity (Table
2). Villages with a high level of endemicity were only reclassified as "medium" once
the transmission was judged to have permanently decreased.Out of a total of 409
endemic counties in the 1950s, 238 had reached the criteria of transmission
interruption, 56 the criteria of transmission control, and 115 were still considered to
be endemic in 1999 (Jiang et al., 2002). During the period of the WBLP (1992-2001),
out of a total of over 200 countries initially involved, 47 had met the criteria of
transmission control and 82 had met the criteria of transmission interruption (Figure 7
and 8). Zhejiang Province had reached the target of elimination in 1995 (OEDC,
1996). Although substantial progress in transmission control was made during the
WBLP period, the potential for transmission remains considerable in counties around
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the Dongting and Poyang Lakes, in the Yangtze River Basin, and in some

mountainous areas in the provinces of Sichuan and Yunnan (Jiang et al., 2002).
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Figure 11 Changes in the density of infected snails from 1992 to 2001

Professional training courses were held on topics such as epidemiology, control
strategies, health economics, social medicine and communication strategies,
immunology and immuno-diagnosis, and improving computer skills. Between 1992
and 2001, 7 160 501 trainees participated in such courses. In order to improve the

capacity of young researchers to carry out operational research and develop
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research proposals, special training was also provided in study design and research

methodology.

Table 2 Population data and human infection rates in the different epidemiological
strata 1992-1998

Year 1992 1998
Stratum High Medium Low High Medium Low

No. villages 4058 9519 26834 2552 6759 30850
Population 2.656 9.806 32.306 1.520 7.391 44.584

(million)
Infection rate
(%)

17.06 6.51 1.23 8.52 342 0.64

Over 37 million RMB yuan (about US$ 5.3 million) has been provided for
operational research by the JRMC, complemented by 21 million RMB yuan (about
US$ 3 million) in counterpart funds provided by the provinces taking part in the
project. From 1992 to 1998, more than 800 research proposals were submitted to the
JRMC, of which 245 were granted funding and provided valuable information for
improving control activities. Particular achievements were made in the field of fast
and easy diagnostic techniques, and the development of prophylactic drugs
(artemether and artesunate) against schistosomiasis. A total of 1083 papers were

published in scientific journals.

Table 3 Knowledge, attitude and behaviour changes on schistosomiasis control of
targeted people in pilot areas

[tems of Before intervention in 1994 After intervention in 1996
Investigation No. followed
No.passed % Mo. Passed %
Awareness of schistosomiais 500 232 46.4 488 99.6
Decrease in contact
with infested water 500 st 66.8 484 88.8
Willingnass to receive
chemotherapy 500 37 634 487 98.4
Owners'willingness
fo receive treatment
for their bovine 500 230 46.4 498 89.6
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All of the project data were collected in the peripheral project offices, and
systematically aggregated both at the district and provincial level. A computerized
information management system was set up from the central level down to the

provinces.

4.5 Discussion

The 10-year China WBLP for schistosomiasis control was a success. The large-
scale use of chemotherapy has facilitated morbidity control in humans (WHO, 1984;
WHO, 1993; WHO, 2004). The number of cases of acute schistosomiasis and of
hepatosplenic disease — good indicators for the prevailing morbidity due to
schistosomiasis — have all substantially decreased. Moreover, it is believed that the
systematic treatment of livestock has substantially contributed to the reduction of
transmission. The relative contamination index in cattle and water buffaloes may be
as high as 70-90% in China (Chen et al., 1993).

The targets set at the beginning of the WBLP have been reached or exceeded.
The estimated number of people infected with schistosomiasis had decreased by
over 50% by the end of 2001. The prevalence in humans and livestock had also
decreased by over 50%. Although the snail infection rates have continued to fluctuate
at a low level, the densities of infected snails in the different epidemiological strata
had all decreased by more than 75% by the end of the project. One province that
took part in the project, Zhejiang Province, was able to fulfil the national criteria for
schistosomiasis elimination during the course of the project. Furthermore, many

counties have fulfilled the criteria for interruption of transmission.

The achievements were severely challenged by two successive years of heavy
flooding (1998-99) in the Yangtze River basin. However, although some impact on

schistosomiasis was noted, it was quite limited.

The achievements of the WBLP are not limited to an improvement in
epidemiological indicators of schistosomiasis. The capacity of project managers and
scientific institutions has also been strengthened, and the technical expertise of the

professionals involved has been improved.

Although a sound basis for schistosomiasis control has been laid, the disease is

far from being eliminated in China. Considerable transmission of schistosomiasis

38



Schistosomiasis Control in China: Impact of the World Bank Loan Project

persists in the five provinces situated around the Yangtze River Basin and its lakes,
as well as in two mountainous provinces. Difficulties in stabilizing the water level in
the Yangtze River Basin, the complicated environmental topography of the
mountainous areas, and the lack of economic development in some of the remaining
areas of endemicity, all contribute to the continuing challenge of schistosomiasis
control. Because of the mobility of populations and the frequent trade of livestock,
some fluctuation in the prevalence of schistosomiasis is to be expected. During the
WBLP period, large-scale use of chemotherapy kept the prevalence and incidence
low. However, since the end of the WBLP, the funding for schistosomiasis control has
been reduced. With less funds, it will be difficult to make further progress in the
control of schistosomiasis in China. Furthermore, as the project paid limited attention
to control of the Oncomelania snail, the environment for its transmission has not been
changed substantially. A schistosomiasis control programme mainly based on
chemotherapy with health education can certainly reduce prevalence and morbidity,
but the control effect cannot be sustained. This has been seen following the control
projects in Brazil and in the Lao People's Democratic Republic. In Brazil, the use of
chemotherapy had greatly reduced morbidity due to S. mansoni infection from 1977
to 1994, and in the Lao People's Democratic Republic, the prevalence of S. mekongi
decreased sharply after repeated chemotherapy with praziquantel in the Khong
District, i.e. from 40% in 1989 to only 1% in 1997 (WHO, 1999). However, as the
chemotherapy campaign has been relaxed, prevalence has increased again in both

Brazil and the Lao People's Democratic Republic.

For the sustainable control of schistosomiasis, the experiences of China and
Japan indicate that at the same time as other control approaches are used, the
control of the intermediate host snail (mainly with environmental modification
complemented with molluscicide treatment) should be given priority (Chen et al.
1999; Tanaka et al., 1997). China's experience in elimination of schistosomiasis in
large areas in five provinces with sustainable effect during the past half decade has
repeatedly confirmed this. However, this important point was not sufficiently
addressed in the planning and execution of the WBLP. This is a lesson that should
be taken into account. It has been noted that since the end of the WBLP, as the
commitment to schistosomiasis control has weakened, the prevalence (especially the
number of acute infections) had increased again in 2003 (unpublished data from the
Chinese Ministry of Health). This is because the basis for the transmission, i.e. the
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snail habitats, has not been changed greatly through the implementation of the
WBLP. The "God of Plague" has slowly returned to China, a cause of great concern
for the Government of China, and a new project for sustainable control has been
formulated that includes chemotherapy, health education and transmission control.
This new project stresses the need for environmental sanitation, mainly focusing on
snail control, by reducing large areas of snail habitats in the forthcoming decade. It
can be expected that the achievements of the WBLP, China's own wealth of
experience on schistosomiasis control, the significant attention paid by the
Government combined with the rapid development of China's economy, will ensure a
bright future for schistosomiasis control by eliminating the disease from more areas,

county by county, and province by province.
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5.1 Abstract

After reviewing the schistosomiasis control program in China with a focus on the
socio-economic impact on schistosomiasis endemicity, we introduce the promotion
process of morbidity control strategy undertaken before and during the World Bank
Loan Project (WBLP) on Schistosomiasis Control. We analyzed the data derived from
case study of morbidity control for schistosomiasis, and evaluated the efficacy of
chemotherapy. It is suggested that appropriate drug treatment declines worm burden
and the intensity of infection as well as prevalence, but chemotherapy alone can
hardly reduce the transmission because zoonotic Schistosoma japonicum infection
has a great impact on the transmission of the disease. Therefore, the strategies in
different (high, medium, and low) transmission areas during the maintenance stage
were put forward in consideration of challenges in national control program in the

future.

Key words: Morbidity control, Schistosomiasis japonicum, Case study,

Chemotherapy, China

5.2 Intro duction

In China, schistosomiasis due to Schistosoma japonicum is a big health
problem. Great suffering and premature death among people existed for centuries.
More than 100 million people were at risk of the infection in southern China (Chen,
1989; Yuan, 1992). The endemic areas were mainly distributed along the Yangtze
River and down to the basin of the Yangtze River including 404 counties/cities in 12
province level (Fig. 12). Geographically, the northernmost limit of the endemic area is
at 3325’ latitude north, the southernmost at 2242 ' latitude north, the easternmost at
12145 longitude east, and the westernmost at 990 5' longitude east. The high-risk
areas are around the middle and lower reaches of the Yangtze River, Tongding Lake
and Poyang Lake. Based on epidemiological pattern, the intermediate of the snall
ecology in endemic areas, the endemic regions can be stratified into three types, that

is plain regions, marshland and lake regions, hilly and mountainous regions.

The schistosomiasis causes severe morbidity resulting in disability and death.
Some of endemic areas had had the sad name of 'village without villagers', because

most of the residents died from schistosomiasis and the others moved away before
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the national schistosomiasis control program started. It was also a serious disease
for the cattle, pigs and other domestic animals. The intermediate host of S. japonicum
is an amphibious snail that lives not only in water all the time, so daily activity of the
farmers, cattle herding, fishing, grass harvesting in the marshlands along rivers and

lakes led to intense water contact, and as a result, to get the infection.

5.3 Schisto somi asis control in China

5.3.1 Achiev ement of schistosomiasis control

Although China is a developing country, significant gains in health status and

diseases control including anti-schistosomiasis have been achieved.

In China, schistosomiasis control has been put as a high priority in disease
control. A national leading group for schistosomiasis control was set up since 1955.
The leading group was composed of the members of political bureau of Central
Committee of Chinese Communist Party (CCCP), ministers of health, agriculture and
water resources. In the endemic areas, the special health sectors for anti-
schistosomiasis had been set up at the provincial level, station at the county level
and community level. These institutions have been fully supported by the

governments at different levels.

Health workers in cities and medical schools were asked to work in the rural

areas to help the control work.

Combined approaches of snail control, chemotherapy, health education and
hygienic movement have been integral components of the control strategy practiced
in the country. China has made substantial progress against schistosomiasis through

these approaches.

Active community participation in schistosomiasis control plays an important
part. Primary health care was extended in the endemic areas through ‘'barefoot

doctor' system.

The person with schistosomiasis was easy to get treatment. In endemic areas,
all the cost on schistosomiasis control was parts of the government expenditure. The

treatment was usually free of charge for the farmers.
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Figure 12 The regional distribution of schistosomiasis before the 1950s in China
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Figure 13 Schistosomiasis regional distribution in 2000 in south of China

After continued efforts over the past five decades, schistosomiasis has been
successfully eliminated in the provinces of Guangdong, Fujian and Zhejiang, in the
municipality of Shanghai and in the autonomous region of Guangxi. According to the
data by the end of 1999, there were a total of 409 counties endemic for
schistosomiasis. Among them, 238 counties have reached the criteria of transmission

interruption, 56 counties have reached the criteria of transmission control where the
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prevalence is at a very low level and in remaining 115 counties, the disease is still
endemic mainly distributed in the marshland and mountainous regions (Wang et al.,
2000) (Fig. 13 and Table 4).

Table 4 Schistosomiasis endemic areas in China and progress since 1999

Province Formerly endemic Counties in Number of counties Number of counties Still endemic
population (in 10000)  endemic areas transmission interrupted transmission under
control

Shanghai 291.66 9 9 0 0
Jiangsu 3576.26 57 35 7 15
Zhejiang 947.09 54 54 0 0
Guangdong 712.74 12 12 0 0
Guangxi 74.37 19 19 0 0
Anhui 589.24 41 14 13 14
Fujian 246.88 14 14 0 0
Jiangxi 403.28 37 19 7 1
Hubei 1354.73 58 20 6 32
Hunan 541.54 29 ' 7 1 21
Sichuan 1581.76 62 25 20 17
Yunnan 134.93 17 10 2 5
Total 10454.48 409 238 56 115

Data from Department of Diseases Control, Ministry of Health,

5.3.2 The socioeconomic impact on schistosomiasis e ndemicity during
economic reform

The endemic situation of schistosomiasis fluctuated in the 1980s. The data of
National Disease Information System showed that the positive rates of stool
examination among the residents in the 1980s had increased considerably. For
instance, in Hunan Province, stool positive rate from 2.742% in 1980 increased to the
4.834% in 1989; in Hubei Province, stool positive rate from 4.703% in 1980
increased to the 7.355% in 1989; in Jiangxi Province, stool positive rate from 4.616%
in 1980 increased to the 8.331% in 1989 (Chen et al, 1990). The national
schistosomiasis sampling survey in 1989 showed that the estimated number of the
persons with schistosomiasis in the marshland areas was 1.30 millions, making up
79.35% of 1.638 million infected persons in whole country (Zheng, 1992)( Table 5).
The endemic areas of high mountain were mainly located in Yunan and Sichuan
provinces. The number of infected persons was estimated to be 308 334 in these two
provinces (Wang, 1989; Yuan, 1992a,b; Gao, 1993). During 1980s, the acute cases
of schistosomiasis in the marshland endemic areas increased yearly. This trend was
probably attributed to the change of socioeconomic reform starting from late 1970s.
The economic reform changed the governmental budgets for schistosomiasis control

that usually came from three levels (county, province and central governments). After
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the reform, nearly all the budget for schistosomiasis control came from local
government. Most of schistosomiasis endemic areas were located in the poor
economic zone, and the local government budget was very humited for the control.

The resources could not meet the need of schistosomiasis control.

Table 5 Prevalence of schistosomiasis by province estimated from a nationwide
sampling survey in 1989

Province Geography Infected people % Snail-infested area (10* m?) %

Hunan Lake regions 341192 20.83 170 266.04 47.99
Hubei Lake regions 551 409 33.66 76 106.93 21.45
Jiangxi Lake regions 272100 16.61 70973.17 20.01
Anhui Lake regions 120 068 7.33 22 495.91 6.34
Jiangsu Plain and lake regions 15 000 0.92 5940.70 1.67
Sichuan Mountainous regions 184 934 11.29 6033.93 1.70
Yunnan Mountainous regions 123 400 7.53 2915.98 0.82
Zhejiang Plain and hill regions 30 000 1.83 38.41 0.01
Total 1638103 100.00 354771.07 100.00

The other socioeconomic change was the ownerships of land from ‘commune’
to households, and the communities were no more an economic body again after the
reform. Due to the budget problem, the facilities of anti-schistosomiasis supplied
usually by the provincial government were moved to the county. Some county anti-
schistosomiasis stations only had the budget for personnel and they did not have any
more resource to purchase drug and chemicals for schistosomiasis control. The local
health facilities and station were encouraged to charge patients for services or to

operate the other business to meet the need of the personnel and operational costs.

Accompanying the changes in financial system, the national organization of
anti-schistosomiasis system had been reorganized. Before 1986, there was a special
national organization on anti-schistosomiasis that was under CCCP. During the
economic reform, the national leading group for schistosomiasis control was
disestablished and schistosomiasis control was directly under the leadership of the
Ministry of Health. A new bureau, the Bureau of Endemic Diseases Control, in the

Ministry of Health was established in 1988.

5.4 Application of morbidity control strategy in Ch ina

According to the WHO global strategy of morbidity control for schistosomiasis
(WHO, 1993), taking into consideration the real situation in China, the national
experts put forward the objectives for the control program at three levels: (1)

morbidity control, (2) transmission control, (3) transmission interruption. People in
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different endemic regions can select different objectives based on feasibility and level
of economic development. The objectives can be achieved from low level to high
level in different stages. For instance, in the marshland regions and mountainous
regions, the objectives for the control program are morbidity control, and in some
regions with better condition transmission control may be the target of choice, and
only in a few regions the target of transmission interruption can be reached. In
accordance with the different control objectives, national criteria for control and

elimination of schistosomiasis were formulated.

5.4.1 Promotion of morbidity control strategy

The morbidity control strategy was put forward by WHO in 1984. During 1985-1989,
field pilot studies undertaking morbidity control were carried out in Hunan, Hubei, and
Anhui provinces. During the 'Seventh 5-Year Plan' (1986-1990) and the 'Eighth 5-
Year Plan' (1991-1995) of the national control program, investigation projects on
optimum strategy were carried out in endemic provinces. The World Bank Loan
Project (WBLP) on Schistosomiasis Control started from 1992. In China, morbidity
control strategy has been practiced on a large scale in endemic areas during the
WBLP period with sustained decrease in prevalence to a low level. The acute

schistosomiasis outbreaks became a rarity since then.

5.4.2 Strategies for morbidity control applied in t he WBLP for

schistosomiasis control in China

Based on schistosomiasis transmission level, the objectives for the WBLP for
schistosomiasis control were divided into the following three levels. They were:

(A) reduction of prevalence rate and control of outbreak of acute
schistosomiasis;

(B) control of transmission effectively and the prevalence maintaining at
a low level;
© interruption of transmission of the diseases without new infection.

The WBLP for schistosomiasis control was initiated in 1992. The indexes of the
project objectives were as follows: a reduction of human infection rate by 40%,
infection rate of cattle and buffaloes by 40%, and infected snail areas, by 50-60%.
The project has been carried out in 202 endemic counties in eight provinces,

including Hunan, Hubei, Jiangxi, Anhui, Jiangsu, Yunnan, Sichuan and Zhejiang.
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The different chemotherapy methods were carried out in different areas based
on the endemic situation, which can be divided into three categories: (1) Mass
chemotherapy was given in high endemic areas with prevalence rate > 15%; (2)
intermittent mass chemotherapy or selective chemotherapy was given in medium
endemic areas (prevalence between 3 and 15%); (3) selective chemotherapy was

given in low endemic areas (prevalence < 3%).

The numbers of screening and treatment of schistosomiasis during the period of
1995-2000 are shown in Table 6.

Extending chemotherapy was given in high risk regions and persons with a risk

of the infection.

Table 6 Schistosomiasis chemotherapy and extended therapy in 1999

Acute Chronic Advanced Extending chemotherapy (thousand)

Hunan 198 63 311 3942 331.2
Hubei 104 140987 2413 1082.4
Jiangxi 48 91 502 700 94.7
Anhui 118 1788 16 181.2
Jiangsu 9 1310 69 17.8
Zhejiang 0 0 0 7.1
Guangxi 0 3 0 0

Sichuan 25 2918 219 295.9
Yunnan 11 612 3 74.0
Total 513 302431 6912 2084.2

In villages where the prevalence was over 20%, people with significant signs or
symptoms possibly related to schistosomiasis were given chemotherapy. In endemic
areas where prevalence was over 20%, or the people were interviewed, if the person
had a history of contact with infested water in the year after last chemotherapy, or the
people were accompanied with skin itch, fatigue, abdominal pain or diarrhea,
chemotherapy was given. The following data showed that 309.856 thousand cases of
schistosomiasis had been treated and 2084.2 thousand persons were provided

extending chemotherapy in 1999 without preliminary screening (Table 7).

The data showed that about 2 million people were given extending
chemotherapy yearly during WBLP period. About 300 thousand chronic cases of
schistosomiasis were treated every year. The number of chronic, acute and

advanced cases of schistosomiasis had a big decrease.
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5.5 Case study on the morbidity control for schisto somiasis

Although the institutions for schistosomiasis control existed in each endemic county,
city, province, the economic situation is constrained in those endemic areas. This
problem requires us to carefully analyze local situation and review to assess the

feasibility of control with limited resources.

5.5.1 Field background and study sampling selection

The case study was carried out in a marshland area in Guichi County of Anhui

Province and shore of the Quipu River whose water runs into the Yangtze River.

Table 7 Numbers of schistosomiasis treatment and screening from 1995 to 2000 in
China

Year Number of Treatment of Treatment of acute Treatment of chronic Treatment of advanced
screening schistosomiasis cases cases cases

1995 10880323 339512 1286 328 733 9493

1996 10070290 320 508 1771 309 285 9452

1997 10176 184 294 372 617 285154 8601

1998 10233435 344 485 1899 335113 7473

1999 9 487 059 309 856 513 302 431 6912

2000 9272674 357158 664 349 969 6525

The whole study was divided into two stages. The first 4 years was the
implementation period (stage one). In this stage the community received the
approach of mass chemotherapy. After stopping the intervention, we continued the
observation for another 4 years, maintenance period (stage two), to observe the long-
term effects of the approach. In the maintenance stage, the mass chemotherapy
approach was stopped, elective chemotherapy was given instead. Annual data of
prevalence of schistosomiasis and control approaches were collected for 8 years.
Those data are used to calculate the results of cost and effectiveness of each
alternative. The persons with schistosomiasis asking for treatment were treated by
local health workers. In the whole study period, the residents were examined in
spring. All other anti-schistosomiasis approaches were given after the examination. In
the whole study period, all residents in research communities aged between 3 and 60
years were the subjects for observation. All people were annually examined by Kato-
Katz method for S. japonicum eggs. The prevalence of schistosomiasis in the three
groups was analyzed annually. All people in the study areas were recorded with age,
sex, residence and results of examination. The data were red into the computer as

the database file for analysis.

49



Morbidity Control of Schistosomiasis in China

5.5.2 The efficacy of chemotherapy

The prevalence of schistosomiasis after chemotherapy is shown in Table 8.
Before control, the prevalence of schistosomiasis was 19.23%. During the
chemotherapy period, the prevalence was decreasing. When the mass
chemotherapy approach stopped, the prevalence increased quite soon. In the sixth
and seventh year, mollusciciding was given by local anti-schistosomiasis station. If
there were no such approach, the prevalence of schistosomiasis would increase

more quickly.

The results of chemotherapy showed that by 1 year selective mass
chemotherapy, the prevalence of schistosomiasis reduced from 19.23% to 7.98%.
After 4-year chemotherapy, the prevalence reduced to 4.92%. After 4 years
implementation, the selective mass chemotherapy stopped, the prevalence of
schistosomiasis rose quickly. When chemotherapy stopped for 2 years, the
prevalence rose again from 4.92% to 13.58%. The effect on schistosomiasis
chemotherapy was evident in just 1 or 2 years in these areas. In this type of endemic
area~ schistosomiasis would reemerge yearly. Although chemotherapy can decrease
the prevalence in humans, without complemented with snail control, the intensity of
transmission is still at a high level. The yearly mass treatment still needs to be

recommended in this area.

Table 8 Prevalence of schistosomiasis in the community accepted chemotherapy

Year Female Male Total
Before control 19.18 19.28 19.23
1- 7.93 8.03 7.98
2- 4.25 7.29 5.79
3- 6.21 8.10 7.17
4. 6.25 3.71 4.92
5- 4.69 7.58 6.21
6- 11.79 15.16 ) 13.58
7- 8.73 14.81 11.90
8- 8.48 10.03 9.27

The national data showed us the effect of chemotherapy in schistosomiasis
control. During the WBLP period acute, chronic and advanced case of

schistosomiasis had decreased almost yearly in China (Table 9).

Chemotherapy has been an important basis of schistosomiasis control. The
study demonstrated that appropriate drug treatment lowers worm burden and
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decreases the intensity of the infection as well as prevalence. Chemotherapy alone
can hardly reduce the transmission, because zoonotic S. japonicum infection has a

great impact on the epidemiology and control of the diseases.

Table 9 Reported cases of schistosomiasis during 1995-2000

Year Total cases Acute cases Chronic cases Advanced cases
1995 927314 1286 889 827 36 201
1996 810 502 1771 781 247 27 484
1997 790 851 617 760 526 29 708
1998 762016 1899 734 264 25853
1999 756 762 513 731837 24412
2000 694 788 664 671 400 22786

5.6 Maintenance Stage of Morbidity Control

It should be noted that schistosomiasis control is a long-term commitment even
though chemotherapy can effectively reduce the prevalence and number of cases.
According to the data of 1999, there are 96.3481 million person lived in the endemic
areas (Table 10). Areas of snail habitat was 3.466 billion m2. Out of which 94.5%
(3.276 billion m2) of the snail habitats were in the marshland areas, 4.450% (154
million m2) in the mountainous and hilly areas and 1.05% (36.5 million m2) in the

plain areas.

Table 10 Population in endemic areas of schistosomiasis

Province  Number of Population in endemic  Number of farm in Farm population in Population in endemic
endemic county counties (thousand) endemic areas endemic areas areas (thousand)
(thousand)
Hunan 29 5415.4 13 334.1 5749.5
Hubei 58 13547.3 34 396.3 13943.6
Jiangxi 37 4032.8 19 292.3 4325.1
Anhui 41 5892.4 4 70.1 5962.5
Jiangsu 57 35762.6 0 0 35762.6
Zhejiang 54 9470.9 0 0 9470.9
Fujian 14 2467.9 0 0 2467.9
Guangxi 19 743.7 0 0 743.7
Sichuan 62 15817.6 3 5.4 15823.0
Yunnan 17 1349.3 0 0 1349.3
Total 338 95 249.9 75 1098.2 96 348.1

The data from schistosomiasis information system showed us that during the WBLP
period, the estimated number of infected persons decreased from 927,314 (1995) to
694,788 (1999), the cattle infection rate reduced from 50 to 5.36%. However, a lot of
work is needed to maintain a low transmission of schistosomiasis in a long time
period. Particularly at present, the end of the World Bank Loan Project on
schistosomiasis control in the country will make it difficult in the maintenance stage of
the control program. Therefore, attention should be paid to the following aspects.
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Table 11 Screening and treatment for cattle and buffaloes in endemic areas

Year Number of screening Number of positive Number of treated Number of extending chemotherapy
1995 660 486 18 394 16 590 321 611
1996 620 272 48 813 17612 289 087
1997 626 587 16 224 15075 340 363
1998 639 073 21 589 20026 380 337
1999 640 559 22445 21 626 348 901
2000 616 489 21270 20 594 283 607

Table 12 The distribution of snail habitats

Province Snail habitats
Total area Marshland area Plain area Mountain area

Hunan 1 748 366 1 700 046 31019 17 301
Hubei 586 205 576 564 0 9641
Jiangxi 683 154 670 940 0 ' 12214
Anhui 285472 263 508 0 21964
Jiangsu 70613 64 674 5256 682
Zhejiang 722 0 5 717
Fujian 14 0 0 14
Sichuan 62733 0 227 62 507
Yunnan 29 186 0 0 29 186
Total 3466 465 3275732 36 507 154 226

5.6.1 Compliance of chemotherapy

The tendency of the decrease in the compliance rate was found with the
practice of chemotherapy every year in some places. The best method to improve the
compliance was the implementation of health education. After undertaking health
education in the Bai national minority in Yunnan province, the compliance rate was
improved. The level of knowledge on schistosomiasis significantly increased the
coverage rate of chemotherapy in the group receiving health education as compared
with the control group. The decrease of human infection rate in experimental group
with health education was 52.2% higher than in the control group without the

education.

5.6.2 Schistosomiasis transmission still exists in most of the marshland

and mountain areas

Effective chemotherapy can reduce human infection rate and intensity of the
infection quickly. However, it is difficult to interrupt the transmission. The
achievements from chemotherapy are not easy to be consolidated due to the
reinfection in residents with a rate between 5% and 47% after chemotherapy

according to different authors (Yuan, 1992a,b). Since 1987, synchronous
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chemotherapy both for humans and bovine had been implemented in Hunan for 10
years. However, human infection rate was fluctuated around 6% since the second
year of chemotherapy, i.e. 1988. It was difficult to further decrease the infection rate
due to a high reinfection rate. The high-risk persons are the key target population for

chemotherapy who need treatment more than once a year.

5.6.3 Bovine as the main infection source of schist osomiasis

In China, 40 mammalian species have been found naturally infected with S.
japonicum . Cattle, buffaloes and pigs are of great importance in contamination of
the marshland. It is quite difficult to treat those animals in the areas. Cattle and
buffaloes are major infection source in the marshlands. Mobile cattle population
increased recently along with economic development. Cattle are the economic
source for the farmers in the region. Although cattle were screened yearly and
chemotherapy was given during WBLP period in some areas, the number of infected
animals did not have a substantial decrease (Table 11). Cattle as the source of
infection are more important than humans in the swamp and lake regions. If we can
not control the cattle from schistosome infection, it would be very difficult to control

the transmission of schistosomiasis.

5.6.4 The strategy in the maintenance period

It has been noted that the impact of chemotherapy can be maintained for a long
time in some places where the snail-infested area is small and people and livestock
living in the transmission area are non-migrants. It is clear that large scale
chemotherapy can considerably reduce infection rates. Even if encouraging short
term results have been obtained, we are still far from satisfactory in long-term
solution. If we stop mass chemotherapy for 1 or 2 years, the prevalence would rise
again. As long as transmission continues, mass or selective chemotherapy will have

to be repeated indefinitely.

Now the approaches we can use for schistosomiasis control in high

transmission areas (prevalence above 10%):

» yearly mass chemotherapy to target population;
» snail control by chemical mollusciciding;

e health education;
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safe water supply and sanitation.

In the medium transmission areas (prevalence between 5 and 10%):

» yearly selective mass chemotherapy to target population;
* health education;
» snail control where feasible;

» safe water supply and sanitation.

In the low transmission areas (prevalence less than 5%):

» selective chemotherapy once every 2 or 3 years;
* health education;
* snail elimination;

» safe water supply and sanitation.

5.7 Challenges and Planning in National Control Pro  gram in China

At present, we are facing new challenges although great achievements have
been made through 50 years' efforts in the national control program. It will be more
difficult to maintain the prevalence or morbidity at a low level after mass
chemotherapy has been taken for years. More arduous work should be performed to
consolidate the achievements gained and to further minimize the transmission areas,
to reduce prevalence as well as intensity of infection. Future challenges we are facing

are as follows:

1. With the completion of the WBLP on schistosomiasis control in the country by
the end of 2000, there are still large areas where schistosomiasis is transmitted
(Table 12). The coverage rate and intensity of chemotherapy will decline
because of limited resources.

2. After the serious flood in the Yangtze River valley in 1998, both snail-infested
areas and the possibility of infection with S. japonicum through water contact
have been increased. Furthermore, in order to reduce the impact of flood, the
China State Council adopted a policy on anti-flooding by 'returning cultured land
into the lake and relocation of farmers from endemic areas to newly established

towns'. It is one of the new issues in the schistosomiasis control program that
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needs investigation, since the policy may contribute to the increase of snalil
habitats on a large scale, increase of possibility for people in close contact with
infested water, and increase of prevalence of schistosomiasis in some areas.

3. The impact of the Three Gorges Dam project on transmission of
schistosomiasis in the middle and lower reaches of the Yangtze River is still
unclear. There is a need to strengthen the investigation and surveillance on the
impact of water levels to the distribution and dispersal of Oncomelania snail in

the Yangtze River valley.

To overcome the problems we are facing, the following activities are to be

implemented in the future:

1. Continuing the activities on strengthening the control program under
government leadership, with involvement by relevant departments, and insisting
on the policy of taking comprehensive treatment with scientific control
approaches.

2. Adjusting the control strategy in time: the control strategy will be adjusted in
time after the end of the WBLP. Different endemicity in the endemic areas will
be stratified based on the actual situation and changes of prevalence in the
country; and different control strategies will be implemented in different endemic
areas based on local economic situation as well as on levels of prevalence. The
adjusted plan will be studied carefully by experts, and implemented after being
critically reviewed by professional staff at different levels. At the same time, the
environmental modification will be continued in combination with the
construction activities in agriculture and water resources.

3.  Strengthening the epidemiological surveillance: It is necessary to strengthening
the surveillance in different types of endemic regions. More surveillance pilots
will be set up in order to understand the changes of transmission and
prevalence in time and provide reliable information for decision making.

4.  Strengthening scientific researches: more attention will be paid to the research
projects, for instance, the impact of environmental changes on transmission of
schistosomiasis. International experts are welcome to get involved in the
researches and to cooperate in projects with mutual interests. More
international funding for schistosomiasis control and research is, of course,
needed.
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6.1 Abstract

The World Bank Loan Project for schistosomiasis in China commenced field
activities in 1992. In this paper, we describe disease control strategies for levels of
different endemicity, and estimate unit costs and total expenditure of screening,
treatment (cattle and humans) and snail control for 8 provinces where Schistosoma
japonicum infection is endemic. Overall, we estimate that more than 21 million US
dollars were spent on field activities during the first three years of the project.
Mollusciciding (43% of the total expenditure) and screening (28% of the total) are
estimated to have been the most expensive field activities. However, despite the
expense of screening, a simple model predicts that selective chemotherapy could
have been cheaper than mass chemotherapy in areas where infection prevalence
was higher than 15%, which was the threshold for mass chemotherapy intervention.
It is concluded that considerable test savings could be made in the future by
narrowing the scope of snail control activities, redefining the threshold infection
prevalence for mass chemotherapy, defining smaller administrative units, and

developing rapid assessment tools.

6.2 Introduction

The strategy of the World Bank Project on Schistosomiasis Control in China
was to use mass chemotherapy in high endemic areas and selective chemotherapy
in medium and low endemic areas, Snail-control by molluscicide was conducted in
areas of high transmission (World Bank, 1989). The strategy was planned by experts
from China and abroad in three discussion meetings, on the basis of epidemiological
data from a national survey in 1989 (MOPH, 1990a).

During the first three years of the project, data from the evaluation and monitoring
indicators on schistosomiasis control in China, as reported annually to the World
Bank, indicated a significant reduction in morbidity. The rate of infection and intensity
of infection dropped in the eight project provinces, especially in high endemic areas,
hut also in medium and low endemic areas. In consequence, the number of areas
classified as highly endemic was reduced (Yuan, 1992a,b).

Cost analysis of schistosomiasis control programs is a valuable method of
comparing the financial input of different control strategies (Bundy and Guyatt, 1992;

Prescott, 1987). In the context of the control program in China, planning for the future
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requires an understanding of the war the total budget was distributed in the first three
years, and how the costs of each strategy compare. In this paper we therefore
estimate costs for different field activities of the project, excluding those supported by
local government funds. We also compare the potential costs of different strategies in
the same communities. The results will serve as a reference for developing

sustainable methods of schistosomiasis control in China.

6.3 Methods

Study area

The World Bank Loan Project on schistosomiasis control covered eight
provinces including the lake river regions Hunan, Hubei, Jiangxi, Anhui, Jiangsu and
Zhejiang, and the mountain regions Yunnan and Sichuan. Hunan, Hubei, Jiangxi and
Anhui are the provinces most seriously affected by schistosomiasis. These provinces
are located along the Yangtze River and have many lakes, including the Poyang and
Dongting lakes, which are the largest lakes in China. Flooding cannot be controlled
and snail ridden areas are large. Snail control is difficult. The residents in these areas
are at high risk of infection, since agricultural production, fishing and activities of daily
living bring them into contact with contaminated water (Wu, 1992). In the two
mountainous provinces, despite sparse populations, the level of endemicity is high. In
Jiangsu and Zhejiang provinces the infection levels are lower than in the other
provinces; however the population is dense and people travel frequently to other
areas (Chen, 1989). If these provinces are neglected it would be possible for the
disease to break out; therefore they were included in the project. There is a different

economic situation in each of the eight provinces.
Strategies of disease control (MOPH, 1990b)

In China, natural villages in close proximity are grouped into units called
administrative villages. The administration and operation of the World Bank Project
were based on these units. Each administrative village was classified as one of three
endemicity groups, defined according to the estimated prevalence of infection. In
high endemic areas (prevalence of infection > 15%) mass chemotherapy was
applied. In areas of medium endemicity (prevalence of infection form 3-15%) and low

endemicity (prevalence of infection < 3%) selective chemotherapy was applied.
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Each year, 30% and 5% of the total population in areas of medium and low
endemicity respectively was surveyed. The sampled individuals were drawn from 7-
14 year-old children and fishermen as these were groups at highest risk of infection.
Individuals positive for S.japonicum infection were treated. All cattle in high endemic
areas and Borne cattle in medium and low endemic areas were treated.
Mollusciciding with niclosamide was used in some the high transmission areas

reduce the snail population.
Mass chemotherapy

In areas of high endemicity, mass chemotherapy was conducted by a mobile
team consisting of doctors and specially trained health workers from the county
schistosomiasis control station and the township schistosomiasis control group.
Team members went to villages where they delivered medication house by house.
The teams only left the households after the medication bad been swallowed. A
single oral dose of praziquantel was given (40 mg/kg for adults and 60 mg/kg for
children).

Selective chemotherapy

Screening was conducted by a mobile team. consisting of technicians and
specially trained health workers. Team members went to the village and took blood
samples from the high risk groups described above. Blood samples were then tested
for the presence of antibodies to S. japonicum antigens (using the COP test, the IHA
test or the ELISA test). Depending on the local situation, blood samples were tested
either in the control station or in the field. All individuals to be positive by antibody
detection were treated with a single oral dose of praziquantel (40 mg/kg for adults
and 60 mg/kg for children). A second mobile team (including a doctor) was usually

responsible for the delivery of medication.
Treatment of cattle

In areas of high endemicity, all cattle were treated by a mobile team consisting
of a veterinarian, specially trained staff from the county veterinary station, and
individuals from the township veterinary group. Cattle were treated house by house

with praziquantel powder (30 mg/kg).
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In areas of medium endemicity, treatment of cattle and individuals was
conducted simultaneously. The cattle were selected by the local veterinarian,
concentrating on those which bad been brought from high endemic areas, and those
which often grazed in high- transmission marshland. In low endemic areas the
treatment of cattle concentrated on those which bad been brought from high or

medium endemic areas.
Snail control

The county schistosomiasis control station organized professional staff to
survey snail ridden areas which were near the villages and frequented by many of the
residents. If infected snails were found, these areas were treated with niclosamide.
The control station gent a technician to organize and guide the local residents in

spraying niclosamide at 2 g/m2
Data sources

Data for specific provinces were supplied by provincial schistosomiasis control
project offices. These collected data from the schistosomiasis control station in each
county and made a report to central government twice a year. The data were related
to costs incurred by the provinces, based on their own field activities. For this
analysis the following information was supplied by each province: salaries and
allowances of doctors, veterinarians and technicians; average distance of each
village from the schistosomiasis control stations; average number of individuals
treated in one week by one mobile team; average number of square meters treated
with niclosamide in three days by one team; average number of cattle treated per
week by one team; the unit cost of one antigen detection test. These figures were

used to derive province specific unit costs for each activity.

Further data supplied by the provincial offices were related to the overall control
effort. These data consisted (for each province) of the total number of individuals and
cattle treated, the number of square meters surveyed in snail control activities, and
the number of square meters treated with molluscicide for 1992 and 1994. Province-
specific figures for 1993 were unavailable. Estimates for each province in 1993 were
made by averaging the proportionate contribution of each province in the other two

years.
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Analysis
Model parameters

For the purpose of this analysis, a standardized model was adopted to describe
the mobile control teams involved in the different activities: Treatment of people: 3
doctors and 1 health worker; treatment of cattle: 2 veterinarians and 1 trained
assistant; case-identification: 2 technicians and 1 health worker; snail control : 2

technicians and 10 10cal residents.
Unit costs

For each activity (treatment, screening and snail control), unit costs were
calculated under the headings of personnel, vehicle, and consumables, following
the convention of Guyatt et al (1994). Parameters were taken from data supplied by
the provincial schistosome control offices. Denominators were related to the activity;
thus unit costs for screening and treatment activities were calculated per person, or
per head of cattle. For snail surveys and control, the denominator was the number of
10,000 m2 surveyed or treated respectively. For the purposes of this analysis, all
costs are reported in US dollars (I US $ = 8.5 RMB Chinese Yuan).

Total expenditures

Total expenditures were calculated by multiplying the appropriate unit costs by
the total number of treatments (human and cattle), or by the area treated with
molluscicide. The total costs of each activity under the headings described above

were calculated, in addition to the total costs of each activity in each province.
Comparative costs of different strategies

A comparison was made between potential cost of a selective chemotherapy
strategy, in which all individuals are screened and only infected individuals are
treated, and a mass chemotherapy strategy, in which all individuals are treated. It
was assumed that the time spent on the two strategies would be equal, and that
compliance would be 100%. The specificity of the test was assumed to be 100%. The
cost of each strategy was calculated for areas with infection prevalence between 0
and 100%. For this analysis, the size of the population was not required; thus the

outcome is applicable to large or small populations. Several comparisons were made,
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using the unit costs as calculated above for each province. This approach enabled
the expected costs of different strategies to be compared within each province, at

different levels of infection.

6.4 Results

We estimate that over 7.5 million people were treated in the first three years of
the control project; 53% in high endemic areas and 47% in medium and low endemic
areas. Mass chemotherapy in high endemic areas covered almost 11,400 villages
and treated 4.3 million individuals at an estimated cost of US$ 1.7 million. Selective
chemotherapy covered approximately 133 thousand villages where endemicity was
medium or low. The screening of 15.9 million individuals in these villages cost
approximately US$ 4.9 million, and the subsequent treatment of 3.4 million
individuals cost an estimated US$ 1.5 million. The total cost of cattle treatment is
estimated to be US$ 1.5 million. Molluscicide application over 850 million cost
approximately US$ 10.5 million, and surveys for sites with infected snails are
estimated to have cost an additional US$ 1.1 million. The total cost of the disease
control activity is therefore estimated to have been more than US$ 21 million over the

first three years.

Table 13 shows the estimated total expenditure for each activity, divided into
costs for personnel, transport and consumables. The table also shows the
proportionate cost of each item as proportion of total operational expenditure.
Screening accounted for the greatest proportion of personnel costs, which accounted
for almost half the total expenditure. Of the consumable costs, mollusciciding
accounted for the greatest amount, and is estimated to have been the single most

expensive activity during the first three years of the project.
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Table 13 Costs and expenditures (US$ 1994)

The estimated cost (US$ 1994), and percentage contribution to the total expenditure, of different
activities within the schistosomiasis control program, under the headings of personnel, vehicle and
consumable costs.

Personnel (%) Vehicle (%) Consumable (%) Total (%)

Treatment of humans 2,694,347 10% 230,944 1% 1,770,571 7% 4,695,862 18%
Treatment of cattle 708,319 3% 66,823 0% 1,082,526 4% 1,857,668 7%

Screening 5,884,989 22% 477,161 2% 1,113,376 4% 7,475,526 28%
Survey 1,079,577 4% 0 0% 0 0% 1,079,577 4%
Mollusciciding 2,145,592 8% 264,583 1% 9,017,950 34% 11,428,125 45%
Total 12,512,824 47% 1,039,511 4% 12,984,423 49% 26,536,758 100%

Table 14 shows the total amount spent on field activities in each province, over
the first 3 years of the project. There was wide heterogeneity in the total expenditure
by province, ranging from US$ 0.6 million (Zhejiang), to US$ 7.9 million (Hunan). In
Hunan, Hubei, Jiangxi, and Anhui, mollusciciding was the most expensive activity. In
Jiangsu, Zhejinag and Sichuan, the most expensive activity was screening. In
Yunnan, treatment of humans and costs of screening were approximately equal. Fig.
14 shows the distribution of total expenditure by province. The differences reflect the
different levels of endemicity in the various provinces, leading to different control

strategies, and also differences in unit costs.

Table 14 Total estimated costs

The total estimated cost (US$ 1994) of different activities in each province, during the period 1992-1994.

Hunan Hubei Jiangxi Anhui Jiangsu  Zhejinag Yunnan  Sichuan Total

Treatment of humans 1,103,471 851,996 357,522 215,130 39,430 33,916 153,437 489,577 3,244,479

Treatment of cattle 717,906 317,469 154,378 78,954 4,574 12,313 81,954 122,873 1,490,421
Screening 996,261 961,896 496,201 242,293 1,085,024 466,559 136,120 509,040 4,893,394
Survey 340,020 346,944 143,628 58,224 124,031 57,256 18,066 12,880 1,101,049
Mollusciciding 4,807,005 2,986,159 965,750 640,842 851,740 3,770 104,904 106,304 10,466,474
Total 7,964,663 5,464,464 2,117,479 1,235,443 2,104,799 573,814 494,481 1,240,674 21,195,817

Comparison of unit cost