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Abstract: In this study, we aimed to understand the influence of ecotourism on the distribution of
Oncomelania hupensis and to provide a scientific basis for formulating effective snail control methods
in tourism development areas. Poyang Lake National Wetland Park was selected as the pilot area, and
sampling surveys were conducted based on comprehensive and detailed investigations of all historical
and suspected snail environments according to map data to determine the snail distribution and
analyze the impact of tourism development. The results showed that from 2011 to 2021, the positive
rates of blood tests and fecal tests tended to decrease among residents of the Poyang Lake area. The
positive rates of blood tests and fecal tests in livestock also tended to decrease. The average density
of O. hupensis snails decreased, and no schistosomes were detected during infection monitoring in
Poyang Lake. The local economy rapidly grew after the development of tourism. The development of
ecotourism projects in Poyang Lake National Wetland Park increased the transfer frequency of boats,
recreational equipment, and people, but it did not increase the risk of schistosomiasis transmission
or the spread of O. hupensis snails. Prevention and monitoring only need to be strengthened in
low-endemic schistosomiasis areas to effectively promote economic development due to tourism
activities without affecting the health of residents.

Keywords: Oncomelania; Poyang Lake; Schistosoma; travel; wetland park

1. Introduction

Schistosomiasis is a parasitic disease that seriously endangers human health and
affects social and economic development. Human schistosomes mainly include Schistosoma
japonicum, Schistosoma mansoni, Schistosoma haematobium, Schistosoma intercalatum, Schisto-
soma mekongi, and Schistosoma malayensis, where the first three are the most common in
humans. The characteristics and geographical distributions of the intermediate host snails
also vary for different schistosome species [1,2]. Oncomelania hupensis is the only interme-
diate host of S. japonicum, which is mainly distributed in China, Japan, the Philippines,
and Indonesia.

The distribution of O. hupensis is consistent with the endemic schistosomiasis areas. In
China, O. hupensis is mainly distributed in 12 provinces (municipalities and autonomous
regions) in southern China. After more than 60 years of comprehensive prevention and
control measures, China has made great achievements in the prevention and control of
schistosomiasis to reach transmission control, and this disease is now at a low epidemic
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level. The control of snails played a key role during this period. According to statistics at
the end of 2021, the actual area affected by snails in China was 369,268.74 ha, which is a
decrease of 74.21% compared with the historical snail-affected area of 1,432,100 ha [3].

Environmental changes can severely affect the growth, reproduction, and diffusion
of snails, but they also affect the prevalence and transmission of schistosomiasis [4–6].
Rapid social and economic development accompanied by the construction of many major
projects have led to drastic changes in the natural and ecological environment, which could
influence the distribution of snails [7–9]. Long-term prevention and control programs
have shown that changes in the ecological environment may be beneficial for the control
or elimination of schistosomiasis, but they may also lead to the spread of snails and
schistosomiasis [10–12]. There is a potential risk of schistosomiasis epidemics in areas
where construction projects are implemented, and thus controlling the schistosomiasis
situation is still very important [13–15]. Studying the effects of environmental change
on the prevention and control of schistosomiasis is important for sustainable social and
economic development in China [16–18].

Jiangxi Province is an area of China with a very high prevalence of schistosomiasis. The
schistosomiasis epidemic areas are mainly concentrated in 17 counties (cities and districts)
along Poyang Lake, which has been the main problem area for schistosomiasis control
in Jiangxi Province [19]. Ecological tourism and other economic development measures
have brought new challenges for local schistosomiasis control and snail control. The
spread of snails and the transmission of schistosomiasis can only be effectively prevented
by considering schistosomiasis transmission control in ecological construction and by
formulating corresponding control measures [20].

Poyang Lake is located in the north of Jiangxi Province, and it is the largest freshwater
lake in China with clear water and a beautiful landscape. Poyang County is the county
located most closely to Poyang Lake in Poyang Lake Ecological Economic Zone. The county
has a total area of 4215 square kilometers, and it currently governs 29 townships, two
reservoir administrations, 476 administrative villages, and a total population of 1.56 million.
The largest county in the province is also a well-known habitat for migratory birds from
around the world. More than 95% of white cranes in the world fly thousands of miles
to Poyang Lake in the cold winter. Poyang County has a unique advantage in terms of
eco-tourism. Extensive wading projects and fish custom cultural experience activities have
been implemented as important tourist attractions. The number of tourists that visited the
area during 2019 was 200,000 [21].

The Poyang Lake area has been a schistosomiasis endemic area for many years. A
comprehensive prevention and control strategy based on controlling the source of infection
has been implemented in recent years with remarkable effects [22,23], but the risk of schis-
tosomiasis transmission is still significantly higher in the Poyang Lake area than in other
lake areas [24,25]. This problem is due to the vast size of the Poyang Lake area, insufficient
grassland management, and resource development and utilization. The investment in
controlling the source of infection is large, but it cannot generate direct economic benefits,
thereby conflicting with the interests of ordinary people in the affected areas [26]. The
terrain is complex in the Poyang Lake area, and many different types of wild animals
are present. Wild animals infected with schistosomiasis are potential sources of infection.
Therefore, the development of tourist attractions and projects poses a serious threat to the
health of local residents, tourists, and tourism practitioners [27,28].

Zhu Lake is located in the middle of Poyang County at the east edge of Poyang
Lake. Seven townships are present along Poyang Lake, comprising Zhu Lake, Baishazhou,
Zhanqian, Sishili Street, Tuanlin, Shuanggang, and Niejia. Many ports are also present in
the lake, which has “48 major branches” and “84 small branches”. The surface area of the
lake is 4100 ha, and the average water depth is 4 m, with a maximum depth of over 10 m.

Eight points were selected for water body monitoring in this study, i.e., both sides
of Poyang Lake Zhuhu flood discharge gate (outer lake), Poyang Lake Tourist Wharf,
Xiaoleijiao, Shanggouzi Lake Island, Xigangping, Xishanping, and Xiangyouzhou Wharf
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and Bird Watching Platform, and four other points were also selected, comprising the
tourist center pier in Zhu Lake, Zhu Lake Wharf, Zhu Lake Floodgate (inner lake) gate, and
Douli Mountain.

2. Materials and Methods
2.1. Overview of the Study Area

The planning and construction of Poyang Lake National Wetland Park started in 2008,
and it entered into operation in 2015. Poyang Lake Wetland Park is located in Poyang
County, Jiangxi Province, China, at the confluence of the Raohe and Zhangtian rivers on
the east bank of Poyang Lake (116◦23′39′′–116◦44′38′′ E, 28◦56′52′′–29◦13′31′′ N). The area
of the wetland park includes the water surface and shoal of Poyang Lake, the water surface
of Zhu Lake, Qingshan Lake, Tu Lake, East Lake, Lean River, and Changjiang River within
the administrative jurisdiction of Poyang County, as well as a parcel measuring 1.8 km long
and 1 km wide between Qingshan Lake and Zhu Lake. The planned total area of the park
is 36,285 ha, and the total area of the wetland park is 35,116.1 ha, which accounts for 96.8%
of the total area. Poyang Lake National Wetland Park is one of the six largest wetlands in
the world, with the greatest abundance of wetland species in Asia.

2.2. Scope of Investigation

The Poyang Lake National Wetland Park tourism project includes 11 grasslands com-
prising Xiangyouzhou, Yihuangping, Changshanping, Xishanping, Xigangping, Xiaoleijiao,
Wugangping, Pangpizhou, Baijiazui, Chenjiacha, and Zhanjialong.

Systematic sampling was applied to conduct on-site snail surveys. The linear distance
covered in each grassland was 30–50 m; the point distance was 10 m; and each frame
measured 0.1 m2. To perform the environmental sampling survey, all historical snail
environments or suspected snail environments, such as grasslands, lake branches, beaches,
and embankments in the water of Zhu Lake, were investigated by setting up separate
frames according to the map data. The investigation focused on suspected areas with a
history of snail occupation; complex bifurcated lake environments; and the rivers, ditches,
and canals connected to Zhu Lake.

Eight administrative villages (Rongqi Village, Longtoushan Village, Niejia Village,
Lehu Village, Changshan Village, Wangjia Village, Huzhao Village, and Chemen Village)
near Zhu Lake and the Poyang Lake project area were selected to investigate the schistoso-
miasis infection status in humans and animals.

2.3. Snail Survey

Retrospective studies, field investigations, epidemiological research methods, and
Geographic Information System (GIS) tools were used to investigate suspected snail breed-
ing environments in Zhu Lake (inner lake) and Poyang Lake (outer lake) in the wetland
park project. In all of the investigations, crushing was used to distinguish dead snails and
infectious snails. The density of infected snails, the infection rate, and the incidence of
rimmed snails were calculated.

2.4. Investigation on Infection Situation of Population and Livestock

A retrospective investigation was conducted based on epidemic data for determining
the current epidemic status. In each village, 300-to-500 villagers aged 6-to-65 years were
selected as clusters and screened using the indirect hemagglutination (IHA) test. People
who were positive for IHA were then tested using the Kato–Katz method (three tests for
each sample). Samples with schistosome eggs were confirmed cases.

At the same time as we investigated the human population, 50 cows were selected
from each of the eight administrative villages mentioned above (if the number of cattle
was less than 50, all were inspected) and the feces were collected to assess schistosome egg
hatching (three tests for each sample). Animals with Schistosoma miracidium were confirmed
as sick animals.
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2.5. Water Monitoring

Each measurement point was divided into two groups (two mouse measurement
cages), and each group (one measurement cage) contained 20 mice (4 mice per grid). The
two groups were dragged and dropped at a distance of 50 m and suspended on the water’s
surface. When dragging and dropping, we ensured that the limbs and abdomen of each
sentinel mouse were in contact with the water body. Measurements were conducted for 2 h
in the morning and afternoon every day for two consecutive days, for a total of 8 h.

After feeding the mice for 35–40 days (if the mouse died after 28 days of feeding, it was
also dissected), the mice were dissected and carefully observed to determine whether adult
schistosomes were present in the hepatic portal vein and mesenteric vein. All Schistosoma
japonicum adults were observed under a dissecting microscope to distinguish male and
female worms, and to count them.

2.6. Data Analysis

All data obtained in each part of the study were collated and statistically analyzed
with Microsoft Excel.

3. Results
3.1. Distribution of Snails

The distribution area in the Poyang Lake National Wetland Park tourism project
comprises the inner lake and outer lake.

The inner lake is Zhu Lake, which maintains a water elevation level of 12–16 m (Yellow
Sea elevation) throughout the year. The water surface area is 5990 ha; the shoreline, about
140 km long and 1–40 m wide; and the water level fluctuation zone, about 100 ha. The
lake banks comprise sections with steep cliffs, branching meadows, gentle lake beaches,
and artificial dikes. Shuanggang, Sishili Street, Gaojialing, Zhu Lake, Baishazhou, and
other towns are the main areas for water tourism and sightseeing projects in Poyang Lake
National Wetland Park.

The outer lake is Poyang Lake, and its water level rises and falls. This is the main site
for yachting, migratory bird watching, karting, and wetland sightseeing in Poyang Lake
National Wetland Park. The core area of the project is Xiangyouzhou, where bird watching
platforms, karting, wetland sightseeing, and other projects are surrounded by Yihuangping,
Changshanping, Xishanping, Xigangping, Xiaoleijiao, Wugangping, Pangpizhou, Baijiazui,
Chenjiacha, and Zhanjialong, and 10 other grasslands. The project has an area of 7336 ha,
with a historical snail-affected area of 1423 ha.

Zhu Lake and Poyang Lake are separated by the Zhu Lake levee, which maintains
a relatively stable water level in the inner lake. In normal years, during the dry season,
grassland is exposed in Poyang Lake, and the water level of the inner lake is generally
higher than that of the outer lake. This period is relatively long and usually from September
to May in the following year. During the flood season, grassland is submerged under water
in Poyang Lake, and the water level of the outer lake is generally higher than that of the
inner lake. This period is relatively short and usually from June to September every year.
The Zhu Lake floodgate connects the inner lake with the outer lake. The inner-lake water
elevation level can be controlled to 14–18 m by adjusting the closure of a five-hole gate.

3.2. Snail Survey

The vegetation on the high shore of Zhu Lake is mainly dominated by Hemarthria
compressa, and the vegetation on the low beach and mudflat mainly comprises Carex.
H. compressa is not suitable for snail breeding, and the coverage of sedge is low on the
beach and mudflat. The flooding time is long, so this area is unlikely to be suitable for
snail breeding.

In total, 114 environments were investigated along the 140 km long lake and the
1–40 m wide lake shorelines, backwaters, beaches, and polders. The total area investigated
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was about 156 ha. In total, 8960 frames were investigated, and no snails were found in four
consecutive years.

The 10 grasslands is the core tourism area of Poyang Lake, and snail surveys showed
that all of the grasslands in the project area had snail-affected beaches. Positive snail
detection results were obtained each year from 2006 to 2009, but not in 2010 and 2011
(Table 1).

Table 1. Snail situation in the outer lake of Poyang Lake National Wetland Park from 2006 to 2011.

Year
Investigated
Snail Area

(ha)

Number
of Snail
Frames
(Box)

Number
of Live
Snail

Frames
(Box)

Number
of Live
Snails
(Pcs)

Number of
Positive
Snails
(Pcs)

Rate of
Snail
Frame

Occurrence
(%)

Mean
Density of

Living Snails
(Pcs/0.1 m2)

Positive
Snail

Density
(Pcs/0.1 m2)

Area of
Positive
Snails

(ha)

2006 1187.99 21,535 744 1434 25 3.46 0.0666 0.0012 25.0
2007 322.75 7430 528 1034 6 7.11 0.1392 0.0008 6.0
2008 531.54 10,965 868 1392 12 7.92 0.1269 0.0011 12.0
2009 514.65 8052 444 589 9 5.51 0.0731 0.0011 9.0
2010 644.07 10,586 213 355 0 2.01 0.0335 0.0000 0.0
2011 1132.41 25,458 35 43 0 0.14 0.0017 0.0000 0.0
Total 4333.41 84,026 2832 4847 52 3.37 0.0577 0.0006 52.0

The number of snails gradually decreased after 2012. After 2012, the number of grass-
lands with snails gradually decreased. Snails were found in two grasslands in 2015, and the
average density of snails was only 0.00025/0.1 m2. In 2017, only nine snails were found on
1500 ha of grassland, and a few snails were found in Xiangyouzhou, Changshanping, and
Zhanjialong from 2016 to 2017. In 2018, snails were found in Xishanping, but the density
was relatively low. The survey results from 2011 to 2021 show that the density of snails
fluctuated, but the variations were small (Figure 1).
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Figure 1. Distribution of Oncomelania hupensis in the outer lake of the wetland park. The 95%CI of the
percent of frames with living snail: [0.056710589321, 0.159512460822], and the 95%CI of the mean
density of living snails: [0.00080622112268, 0.00208564245935].
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3.3. Schistosomiasis Infections in Wetland Park Population

Eight endemic schistosomiasis villages were selected for investigation in Zhu Lake
Township, Rongqi Village; Shuanggang Town, Longtoushan Village; Nijia Village, Lehu
Village, Changshan Village; Baishazhou Township, Wangjia Village; Huzhao Village; and
Chemen Village. From 2004 to 2008, acute schistosomiasis occurred in all eight villages
for four years, and 10 acute patients (students) were infected while swimming in the
water. Four grasslands were investigated in Poyang Lake, comprising Changshanping,
Zhanjialong, Pangpizhou, and Chenjiachaping. Schistosomiasis infections were surveyed
in eight villages from 2011 to 2021. The history of positive blood test cases declined, and
the fecal test results were negative after 2013 (Figure 2).
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Figure 2. Schistosomiasis infections among people in wetland park areas. The 95%CI of the blood
test positive rate: [6.01048825683718, 8.63441466482174].

3.4. Bovine Infections with Schistosoma japonicum

The number of cattle decreased from 1081 in 2011 to 246 in 2016 due to measures
such as forbidding the depasturage of livestock on marshlands. Cattle in the eight endemic
schistosomiasis villages grazed on grassland in Poyang Lake before 2011, and the average fecal
positive rate was 22.22%. After 2012, the number of farm cattle and schistosomiasis infection
rate significantly decreased due to machine cultivation and the forbidding of the depasturage
of livestock on marshlands, and all the stool tests were negative after 2013 (Table 2).

Table 2. Infection of schistosomiasis among farm cattle in Wetland Park.

Year
Number of

Cattle
Inspected

Number of
Positive

Blood Tests

Rate of
Positive Blood

Tests (%)

Number of
Positive

Stool Tests

Rate of
Positive Stool

Tests (%)

2011 1081 44 4.07 23 2.13
2012 1801 55 3.05 26 1.44
2013 563 9 1.60 4 0.71
2014 483 3 0.62 0 0
2015 385 2 0.52 0 0
2016 246 1 0.41 0 0
2017 0 0 0 0 0
2018 0 0 0 0 0
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3.5. Water Infectivity Monitoring

From 2011 to 2018, 40-to-80 mice were released to monitor the infectivity of water, and
none were infected with schistosomes. No schistosomes were detected at entrance No. 2 of
Zhu Lake and the gate of Baishazhou (Table 3).

Table 3. Monitoring of schistosomiasis in wetland park water.

Year Monitoring
Location

Longitude
(E)

Latitude
(N)

Number of
Mice Released

Number of Mice
Recovered

Number of
Dissected Mice

Number of
Positive Mice

2011 Luodun 116.57780 29.11890 40 34 34 0

2012 Luodun 116.57780 29.11890 40 38 38 0

2013 Luodun 116.57780 29.11890 40 39 39 0

2014 Luodun 116.57780 29.11890 40 40 40 0

2015
Baijiazui 116.36611 29.09514 24 24 24 0
Luodun 116.57780 29.11890 22 22 22 0

2016

Baijiazui 116.36611 29.09514 40 37 37 0
Chenmen

Zakou 116.61813 29.16068 10 10 10 0

Neihu
Matou 116.60868 29.15679 10 10 10 0

Luodun 116.57780 29.11890 40 40 40 0

2017

Baijiazui 116.36611 29.09514 20 20 20 0
Chenmen

Zakou 116.61813 29.16068 40 40 40 0

Neihu
Matou 116.60868 29.15679 18 18 18 0

Luodun 116.57780 29.11890 40 39 39 0

2018

Baijiazui 116.36611 29.09514 20 18 15 0
Chenmen
Zhakou 116.61813 29.16068 20 20 18 0

Neihu
Matou 116.60868 29.15679 20 19 19 0

Luodun 116.57780 29.11890 20 19 19 0

3.6. Economic Trend

Due to the strong economic development of Poyang Lake National Wetland Park,
the core area of the scenic spot comprising Baishazhou Township has been rejuvenated
by tourism, and the economy has greatly developed. Fishermen have changed their jobs
to participate in the development of tourism. The number of people engaged in “agri-
tainment” in Baishazhou Township increased from 2 to more than 60, and more than
300 villagers have been lifted out of poverty to a much wealthier status. In order to
strengthen the industrial support for the construction of the ecological fishing village, the
aquatic tourism resources of Poyang Lake should be rationally developed. It is necessary
to expand and strengthen the aquatic product brand based on the platform of Poyang Lake
National Wetland Park. The township could further develop the tourism market in the
fishing village by focusing on the characteristics of the lake area in a “one village, one
product” project by emphasizing the regional culture, human traditions, farm life, and green
catering. Villagers should be encouraged to engage in a various business activities, such
as agri-tainment, fish fun houses, local products, and craft sales. The industrial structure
could be adjusted to accelerate the breeding and promotion of whitebait, turtles, and river
crab. In addition, improved awareness of the aquatic product brand is also an option.
As a consequence, ecological tourism and agricultural development can be integrated
in an organic manner to make Baishazhou into a beautiful scenic spot for aquaculture,
leisure, and tourism. The township receives more than 30,000 tourists every year and
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the income from tourism increases each year. In 2018, the total income from tourism was
CNY 2.166 million. In 2019, Baishazhou Township had 10 stores/supermarkets, with a
business area of more than 50 m2 [29].

4. Discussion

Efforts to control O. hupensis are strong in China but reappearances and new occur-
rences still occur in some areas; thus, the breeding area for O. hupensis has been around
3.6 billion m2 for many years [30]. The presence of schistosomiasis-infected individual
wild mammals poses a significant potential risk to the integrity of the schistosomiasis
transmission chain [31,32].

O. hupensis control is facing many challenges due to various main factors, such as
reductions in the comprehensive management of O. hupensis control projects and environ-
mental protection requirements [33,34].

The construction of Poyang Lake National Wetland Park has resulted in significant
ecological, social, and economic benefits. The wetland park is expected to effectively protect
the integrity of the wetland ecosystem of Poyang Lake, protect the typical lake wetland
landscape close to nature, protect and improve the habitats of wetland organisms, protect
and restore biodiversity, and give full play to the roles of Poyang Lake wetland in water
conservation and flood regulation, in purifying pollutants, in adjusting the climate and
gas levels, in leisure and entertainment, and in cultural research, as well as other func-
tions. In addition, the construction of Poyang Lake National Wetland Park has significantly
increased the popularity of Poyang County by further optimizing the investment environ-
ment; achieving sustainable, high-speed, and stable social and economic development; and
forming a relatively strong wetland cultural atmosphere to effectively satisfy the growing
needs of people. The increasing material and cultural needs of life, beside improving
the community’s awareness of ecological environment protection and wetland protection,
have important practical significance for building a harmonious society in Poyang County
and constructing a new socialist countryside. For example, Hunan Province included
the prevention and control of schistosomiasis in the overall plan for the development of
local social undertakings, as well as incorporating the prevention and control of schistoso-
miasis in “Dongting Lake Ecological Economic Zone Planning” and “Three-Year Action
Plan for Special Improvement of the Dongting Lake Ecological Environment (2018–2020)”,
thereby providing a strong guarantee for schistosomiasis prevention and control work in
the province [35]. The results obtained in the present study demonstrate that the integrated
environmental improvement of marshlands by implementing industrial, agricultural, and
water resource development projects can alter snail habitats in marshland regions and pro-
mote local economic development, which appears to be a win–win strategy for blocking the
transmission of S. japonicum and accelerating socio-economic development along Yangtze
River [36].

O. hupensis is the only intermediate host of schistosomiasis, and the geographical
distribution of this snail affects the distribution of endemic schistosomiasis [37]. By moni-
toring the spatial distribution and number of O. hupensis, we determined the endemic area
for schistosomiasis [38]. The climate, soil, plants, and other natural conditions in Poyang
Lake are highly suitable for snail survival. The water level of Poyang Lake has greatly
fluctuated due to global warming, but there has been little change in the snail distribution
in Poyang Lake [39]. The prevalence of schistosomiasis is low, but the schistosomiasis
transmission chain has not been broken, and the risk of transmission still exists [40]. There-
fore, it is very important to monitor snails in Poyang Lake National Wetland Park during
tourism activities.

Our results showed that the distribution of snails in Poyang Lake was different from
that in the outer lake. O. hupensis was found in the outer lake but not in the inner lake. The
density of O. hupensis was not high in the inner lake and far lower than the average live
snail density of 0.010 per 0.1 m2 in the national monitoring point at Poyang County, but
the annual live snail density fluctuates to some extent [41]. Therefore, it is necessary to
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strengthen the monitoring and control of snails in the outer lake of Poyang Lake National
Wetland Park to prevent the spread of snails and the transmission of schistosomiasis.

In the years after the construction of the polder, the vegetation in the inner lake will
likely change, and the snails will likely die out naturally [42]. After the Zhu Lake levee
was built in 1975, the ecological environment changed for snails in the levee, and it became
a snail-free area after 3 years. This is consistent with the absence of snails in the polder
three years after the construction of the dikes in Poyang Lake. In total, 5960 frames were
investigated in the environment along the 140 km shoreline of Zhu Lake, but no snails
were found. Thus, after the construction of the dike, the water level of Zhu Lake increased
and became relatively stable, and the tidal flats along the lake were submerged for many
years; the area subsequently became snail-free. However, Zhu Lake and Poyang Lake are
separated by only one dike. Zhu Lake used to be an area with a history of snails, and its
ecological environment has not fundamentally changed in recent years. Therefore, the
waterline area may still be suitable for snail breeding. Due to the vigorous development
of ecotourism projects in the region, increases have occurred in the frequency of boats,
other recreational equipment, and tourists flowing between Poyang Lake and outside areas;
thus, the possibility of snails or snail eggs attached to cruise boats entering Poyang Lake
has increased. In addition, the use of fishing boats and fishing tools by fishermen near
the wetland park in Zhu Lake and Poyang Lake increases the possibility of snails or snail
eggs becoming attached to fishing gear; thus, they may enter Zhu Lake from Poyang Lake.
Snails are still distributed in the upper reaches of the river channel connected to Zhu Lake,
and they may spread to the lower reaches of Zhu Lake under flooding. These risk factors
may allow snails to spread to the Zhu Lake area.

From 2011 to 2021, a survey of schistosomiasis infections among residents in eight
villages in Poyang Lake National Wetland Park showed that the number of blood positive
cases decreased, and the fecal test results were all negative after 2013. Schistosomiasis
control has been effective in Poyang Lake Wetland Park, but schistosomiasis has not been
eliminated, and there is still a risk of transmission. Therefore, it is necessary to strengthen
schistosomiasis detection and treatment, as well as health education for staff and visitors
in Poyang Lake Wetland Park. The development of tourism has increased the number of
jobs for local residents that do not come into contact with infected water, and avoiding
schistosomiasis is beneficial to their health.

Water infectivity testing using mice in Zhu Lake found no evidence of schistosomiasis
infections. However, Zhu Lake is connected to Poyang Lake through a sluice gate, and the
design of the sluice gate is conducive to preventing snails from spreading from Poyang
Lake to Zhu Lake. The water flow is discharged from Zhu Lake to Poyang Lake during the
“storage period” and the “discharge period”. Therefore, there is no risk of snails spreading
to Zhu Lake during the “storage period” and the “discharge period”. Water flows from
Poyang Lake to replenish the water in Zhu Lake in the “water replenishment period”,
but the operating rate is very low in the “water replenishment period”. In addition, the
culvert pipe is designed to be high at one end of Zhu Lake and low at the other end of
Poyang Lake, so snails floating with the current would even have difficulty entering Zhu
Lake through the culvert pipe. Moreover, if snails at the bottom entered the lake with the
current, it would be difficult for them to survive, because the lake is filled with water all
year round. Therefore, the possibility of snails spreading from Poyang Lake to Zhu Lake
through the sluice gate is very small. However, although the risk of snail diffusion is very
small, the prevalence of schistosomiasis in the outer lake is still severe. During the “water
replenishment period”, the outer lake may carry schistosome cercariae into the inner lake,
which may lead to the infection of humans or livestock in the water on the lake side of
the gate. The number of years when water replenishment is required is decreasing due to
the changing hydrological conditions, but the risk of schistosomiasis cannot be ignored in
some locations. Long-term snail monitoring is essential in wetland areas.
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5. Conclusions

Ecotourism in the Poyang Lake region has a direct effect on the transmission of schis-
tosomiasis, with advantages and disadvantages. In order to ensure the sustainable and
healthy development of the wetland park, strategies and measures to prevent schistosomia-
sis have been strengthened, such as preventing the spread of O. hupensis and controlling the
source of infection. Fishermen actively have moved onshore to engage in tourism-related
industries, which reduced the risk of schistosomiasis infection and increased the economic
income. A large number of tourists may be exposed to infected water, which can spread
schistosomiasis. The transmission of schistosomiasis will only be effectively blocked when
the control of schistosomiasis transmission will be considered in ecological construction,
and corresponding control measures will be formulated. Therefore, it is necessary to estab-
lish surveillance and control measures to prevent the risk of schistosomiasis transmission
in such areas, so that economic development and disease control can be promoted in schis-
tosomiasis endemic areas, with complementary effects on each other. According to snail
investigations, field epidemiological investigations, and historical analysis of schistosomia-
sis in Poyang Lake National Wetland Park, the development of the ecotourism industry
has greatly contributed to economic growth for the local residents, as well as creating a
good environment for residents to reduce their exposure to schistosomiasis via water and
promoting the local control of schistosomiasis.

Author Contributions: Z.L. and D.L. designed the research and supervised the study; Z.L., Y.W. and
F.H. analyzed the data and wrote the paper; Z.L. and S.L. revised the paper and provided critical
comments; Y.L. and F.H. assisted in the editing of the paper; J.Z., Q.W. and K.L. revised and approved
the final paper, and accept accountability for all aspects of the work. All authors have read and
agreed to the published version of the manuscript.

Funding: This study was supported by Open Foundation of Key Laboratory of Parasite and Vector
Biology, Ministry of Health (grant No. WSBKFKT-201603); National Natural Science Foundation
of China (No. 81460507); Key Laboratory Program of Jiangxi Province (20192BCD40006); Jiangxi
Provincial Science and Technology Plan Project (20203BBGL73168); Science and technology plan of
Jiangxi Provincial Health Commission (202211332 and 20201116); and Leading discipline program
in Jiangxi Province Item (2021030107). The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the paper.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors have no conflict of interest to declare.

References
1. Qian, M.B.; Chen, J.; Bergquist, R.; Li, Z.J.; Li, S.Z.; Xiao, N.; Utzinger, J.; Zhou, X.N. Neglected tropical diseases in the People’s

Republic of China: Progress towards elimination. Infect. Dis. Poverty 2019, 8, 86. [CrossRef]
2. Li, S.Z.; Qian, M.B.; Zhang, L.J.; Zhou, X.N. Changing trends of neglected tropical diseases in China. Lancet Infect. Dis. 2017,

17, 901. [CrossRef] [PubMed]
3. Zhang, L.J.; Xu, Z.M.; Yang, F.; He, J.Y.; Dang, H.; Li, Y.L.; Cao, C.L.; Xu, J.; Li, S.Z.; Zhou, X.N. Progress of schistosomiasis control

in People’s Republic of China in 2021. Chin. J. Schistosomiasis Control 2022, 34, 329–336.
4. Huang, Y.Y.; Zhang, S.Q.; Cao, Z.G.; Wang, Y.J.; Wang, T.P. Research progress on the influence of the South-to-North Water

Diversion Project on schistosomiasis transmission. J. Trop. Dis. Parasitol. 2019, 17, 181–186.
5. Yang, Y.F.; Peng, Z.H.; Sun, Q.X.; Zhou, J.X. Potential impacts of key Projects on the diffusion areas of oncomelania. Resour.

Environ. Yangtze Basin 2009, 18, 1067–1073.
6. Guo, F.Y.; Zhao, Y.Z.; Ren, M.Y.; Liu, G.C.; Hu, B.J.; Xia, M. Impacts of marshland changes on snaiftablel distribution in Dongting

Lake after the construction of the Three Gorges Dam. J. Trop. Dis. Parasitol. 2012, 10, 125–127.
7. Xu, X.J.; Lu, J.Y.; Peng, X. Function and signification of water conservancy and anti-schistosomiasis project to controlschistosomia-

sis transmission in China. Chin. J. Schistosomiasis Control 2010, 22, 403–406.
8. Chen, Y.Y.; Yuan, Y.; Zhou, B.; Zhou, Y.; Peng, X.; Xu, X.J. Effect evaluation of large water conservancy project on control of

schistosomiasis transmission. Chin. J. Schistosomiasis Control 2010, 22, 411–414.

http://doi.org/10.1186/s40249-019-0599-4
http://doi.org/10.1016/S1473-3099(17)30452-8
http://www.ncbi.nlm.nih.gov/pubmed/28845794


Trop. Med. Infect. Dis. 2023, 8, 194 11 of 12

9. Zhou, C.J. Current situation and control measures of schistosomiasis prevention water conservancy project in Qianshan City.
Mod. Agric. Sci. Technol. 2019, 14, 158+160.

10. Yang, X.; Sun, Q.X.; Zeng, Z.; Guo, W.; Zhou, J.X. Discussion on strategy of development of forestry schistosomiasis control
programs of China in new period. Chin. J. Schistosomiasis Control 2018, 30, 472–475+478.

11. Wang, T.P.; Cao, Z.G.; Lin, D.D.; Zhou, X.N. Scientific research priority and prospect of schistosomiasis during the 12th Five-Year
Plan period in China. Chin. J. Schistosomiasis Control 2011, 23, 111–113.

12. Zhou, X.N.; Jiang, Q.W.; Guo, J.G.; Lin, D.D.; Zhu, R.; Yang, G.J.; Yang, K.; Li, S.Z.; Xu, J. Road map for transmission interruption
of schistosomiasis in China. Chin. J. Schistosomiasis Control 2012, 24, 1–4.

13. Tao, W.; Chen, X.F.; Wu, M.Y.; Wang, C.; Du, Y.F. Effect of cementing ditch-based project on schistosomiasis control in Dingshen
River basin in Shital County. Chin. J. Schistosomiasis Control 2018, 30, 222–225.

14. Yang, P.Y.; Li, L.W.; Li, Z.J.; Wan, G.B.; Xiong, G.Q.; Zeng, H.; Chen, Z.G. Effect of comprehensive intervention of schistosomiasis
control in construction workers in Poyang Lake region. Chin. J. Schistosomiasis Control 2012, 24, 718–719.

15. Huang, Y.X. The South-to-North Water Diversion Project and schistosomiasis: An overview. Chin. J. Schistosomiasis Control 2020,
32, 441–447.

16. Xie, Q.; Zhu, X.; He, Q.Y. Coupling Simulation of Eco-Economy and Schistosomiasis Control in Dongting Lake Region of Changde.
Econ. Geogr. 2017, 37, 176–180.

17. Tang, M.; Jia, T.W.; Wu, Z.S.; Mao, P.; Chen, L.; Li, H.G.; Zhong, B.; Qiu, D.C.; Yao, Q.; Hu, Y.P. Effect of Ecological Civilized
Homestead Construction on schistosomiasis control. Chin. J. Schistosomiasis Control 2012, 24, 76–78.

18. Wang, Y.J.; Huang, Y.Y.; Zhang, S.Q.; Cao, Z.G.; Wang, T.P. The Beijing-Hangzhou Grand Canal and Schistosomiasis epidemic.
J. Trop. Dis. Parasitol. 2019, 17, 241–245.

19. Wu, Z.D.; Liu, Y.W.; Mehlhorn, H. (Eds.) Schistosomiasis Control in China: The Successful Example of Jiangxi Province; Springer:
Berlin/Heidelberg, Germany, 2019.

20. Li, Z.J.; Liu, Y.W.; Hu, F.; Liu, Y.M.; Xu, J.; Lin, D.D.; Li, S.Z. Effects of ecological environment modification on schistosomiasis
control in Poyang Lake area of Jiangxi Province. Chin. J. Parasitol. Parasit. Dis. 2019, 37, 685–689.

21. Tan, Y. Study on Development Strategy of Ecotourism in Poyang Lake Wetland Park. Master’s Thesis, Nanchang University,
Nanchang, China, 2020.

22. Wang, L.D.; Utzinger, J.; Zhou, X.N. Schistosomiasis control: Experiences and lessons from China. Lancet 2008, 372, 1793–1795.
[CrossRef]

23. Wang, L.D.; Chen, H.G.; Guo, J.G.; Zeng, X.J.; Hong, X.L.; Xiong, J.J.; Wu, X.H.; Wang, X.H.; Wang, L.Y.; Xia, G.; et al. A strategy to
control transmission of Schistosoma japonicum in China. N. Engl. J. Med. 2009, 360, 121–128. [CrossRef] [PubMed]

24. Zheng, H.; Zhang, L.J.; Zhu, R.; Xu, J.; Li, S.Z.; Guo, J.G.; Xiao, N.; Zhou, X.N. Schistosomiasis situation in People’s Republic of
China in 2011. Chin. J. Schistosomiasis Control 2012, 24, 621–626.

25. Zhou, X.N.; Lin, D.D.; Wang, T.P.; Chen, H.G.; Guo, J.G.; Liang, Y.S.; Qiu, D.C.; Dong, X.Q.; Li, S.Z. Control strategy of
schistosomiasis and key points in the 12th Five-Year Plan in China. Chin. J. Schistosomiasis Control 2011, 23, 1–4.

26. Zeng, X.J.; Chen, H.G.; Hong, X.L.; Hu, Z.H.; Jiang, W.S.; Hu, S.Z.; Fan, Y.L.; Ge, J. Evaluation on medium-term effect of
schistosomiasis compreensive control strategy based on infectious source control in Poyang Lake area. Chin. J. Schistosomiasis
Control 2012, 24, 382–386.

27. Tang, J.G. Study on prevention and control strategy of tourism security risks in Poyang Lake Region. Jiangsu Commer. Forum 2011,
8, 123–125.

28. Zhu, L.; Zhao, Y.W.; Liu, L.M. Protective Utilization and Function Estimate of Wetlands Ecosystem in Poyang Lake. J. Soil Water
Conserv. 2004, 18, 196–200.

29. Department of Rural Socio-Economic Survey, National Bureau of Statistics. China Statistical Year Book • 2020 (Township); China
Statistics Press: Beijing, China, 2021; Volume 3, p. 271.

30. Yuan, Y.; Cao, C.L.; Huang, X.B.; Zhao, Q.P. Oncomelania hupensis control strategy during the stage moving towards elimination
of schistosomiasis in China. Chin. J. Schistosomiasis Control 2022, 34, 337–351.

31. He, J.; Zhu, H.; Bao, Z.; Zhang, L.; Li, Y.; Feng, T.; Guo, S.; Deng, W.; Wang, C.; Dang, H.; et al. Rapid assessment on potential
risks of schistosomiasis transmission-7 PLADs, China, 2019 and 2021. China CDC Wkly. 2021, 3, 1089–1092. [CrossRef]

32. Chen, L.; Cao, C.L.; Liu, Y.; Zhong, B. Emergency responses to schistosomiasis outbreak during the stage moving towards
elimination in China. Chin. J. Schistosomiasis Control 2021, 33, 570–574.

33. Xu, J.; Hu, W.; Yang, K.; Lv, S.; Li, S.Z.; Zhou, X.N. Key points and research priorities of schistosomiasis control in China during
the 14th Five-Year Plan Period. Chin. J. Schistosomiasis Control 2021, 33, 1–6.

34. Lv, S.; Lv, C.; Li, Y.L.; Xu, J.; Hong, Q.B.; Zhou, J.; Zhang, J.F.; Wen, L.Y.; Zhang, J.F.; Zhang, S.Q.; et al. Expert consensus on the
strategy and measures to interrupt the transmission of schistosomiasis in China. Chin. J. Schistosomiasis Control 2021, 33, 10–14.

35. Li, S.M.; Deng, W.C.; Cheng, X.H.; He, H.B.; Zhou, Y.B.; Zhou, J.; Hu, B.J.; Liu, H.Q.; Lu, S.K.; Li, Y.S.; et al. Challenges and
countermeasures of schistosomiasis control in Hunan Province in the new period. Chin. J. Schistosomiasis Control 2020, 32, 225–229.

36. Sun, L.P.; Wang, W.; Zuo, Y.P.; Zhang, Z.Q.; Hong, Q.B.; Yang, G.J.; Zhu, H.R.; Liang, Y.S.; Yang, H.T. An integrated environmental
improvement of marshlands: Impact on control and elimination of schistosomiasis in marshland regions along the Yangtze River.
China Infect. Dis. Poverty 2017, 6, 72. [CrossRef]

37. Burton, J.B.; Clint, E.C.; Thomas, N.O. Human Parasitology; Academic Press: Cambridge, MA, USA, 2005.

http://doi.org/10.1016/S0140-6736(08)61358-6
http://doi.org/10.1056/NEJMoa0800135
http://www.ncbi.nlm.nih.gov/pubmed/19129526
http://doi.org/10.46234/ccdcw2021.263
http://doi.org/10.1186/s40249-017-0287-1


Trop. Med. Infect. Dis. 2023, 8, 194 12 of 12

38. Gong, Y.F.; Hu, X.K.; Hao, Y.W.; Luo, Z.W.; Feng, J.X.; Xue, J.B.; Guo, Z.Y.; Li, Y.L.; Zhang, L.J.; Xia, S.; et al. Projecting the
Proliferation Risk of Oncomelania Hupensis in China Driven by SSPs: AMulti-Scenario Comparison and Integrated Modeling
Study. Adv. Clim. Chang. Res. 2022, 13, 258–265. [CrossRef]

39. Hu, F.; Ge, J.; Lv, S.B.; Li, Y.F.; Li, Z.J.; Yuan, M.; Chen, Z.; Liu, Y.M.; Li, Y.S.; Ross Allen, G.; et al. Distribution pattern of the snail
intermediate host of schistosomiasis japonica in the Poyang Lake region of China. Infect. Dis. Poverty 2019, 8, 23. [CrossRef]
[PubMed]

40. Xia, C.C.; Robert, B.; Henry, L.; Hu, F.; Lin, D.D.; Hao, Y.W.; Li, S.Z.; Hu, Y.; Zhang, Z.J. Village-based spatio-temporal cluster
analysis of the schistosomiasis risk in the Poyang Lake Region. China Parasites Vectors 2017, 10, 136. [CrossRef]

41. Wu, X.H.; Wu, J.; Xu, R.M.; Xiong, Y.; Chen, Z. Epidemiological trends of schistosomiasis in Poyang County of Jiangxi Province
from 2004 to 2020 based on the Joinpoint regression model. Chin. J. Schistosomiasis Control 2022, 34, 7–15.

42. Li, Z.J.; Chen, H.G.; Liu, Y.M.; Zeng, X.J.; Lin, D.D.; Wan, W.H. Study on the relationship between vegetation and snail distribution
in polders of Poyang Lake region. Chin. J. Schistosomiasis Control 2006, 18, 432–436.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.accre.2022.02.004
http://doi.org/10.1186/s40249-019-0534-8
http://www.ncbi.nlm.nih.gov/pubmed/30922403
http://doi.org/10.1186/s13071-017-2059-y

	Introduction 
	Materials and Methods 
	Overview of the Study Area 
	Scope of Investigation 
	Snail Survey 
	Investigation on Infection Situation of Population and Livestock 
	Water Monitoring 
	Data Analysis 

	Results 
	Distribution of Snails 
	Snail Survey 
	Schistosomiasis Infections in Wetland Park Population 
	Bovine Infections with Schistosoma japonicum 
	Water Infectivity Monitoring 
	Economic Trend 

	Discussion 
	Conclusions 
	References

