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Abstract

Background: Schistosomiasis is a global snail-transmitted infectious disease of poverty. Transmission control had
been achieved in China in 2015 after the control efforts for over 60 years. Currently, the remaining core regions
endemic for Schistosoma japonicum are mainly located in the marshland and lake regions along the Yangtze
River basin.

Methods: During the period from 2001 through 2015, an integrated environmental improvement of the marshlands
was carried out through the implementation of industrial, agricultural and resources development projects in Yizheng
County along the Yangtze River. S. japonicum infection in humans, livestock and snails was estimated by serology, stool
examination, hatching technique and microscopy during the 15-year study period to evaluate the effect of the
integrated environmental improvement on control and elimination of schistosomiasis.

Results: A 0.05% overall rate of S. japonicum infection was observed in snails during the 15-year study period, and no
infected snails were detected since 2012. The overall prevalence of S. japonicum infection was 0.09% in humans during
the study period, and no human infection was found since 2012. In addition, only 13 bovines were identified with
S. japonicum infection in 2003 during the 15-year study period, and since 2004, no infection was found in livestock.

Conclusion: The results of the present study demonstrate that the implementation of industrial, agricultural and water
resources development projects, not only alters snail habitats in marshland regions, and promotes local economic
development, which appears a win-to-win strategy to block the transmission of S. japonicum and accelerate
socio-economic development along the Yangtze River.
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Background
Schistosomiasis, caused by the blood fluke of the genus
Schistosoma, is a snail-transmitted infectious disease of
poverty that ranks second only to malaria in terms of
morbidity and mortality among tropical parasitic dis-
eases [1–3]. In China, schistosomiasis was once endemic
in 453 counties of 12 provinces south of the Yangtze
River [4–6]. According to the environmental ecosystems
and snail habitats, schistosomiasis-endemic regions are
classified into three types in China, including marshland
and lake regions, plain regions with waterway network,
and hilly and mountainous regions [7], and a “infection
control-transmission control-transmission interruption-
elimination” four-stage roadmap has been developed
[8–10]. Since the initiation of the national schistosomiasis
control program at early 1950s [11–13], schistosomiasis
control has been given a high priority in China [14, 15],
and multiple integrated strategies have been proposed
according to the epidemiological profile and intensity of
transmission, which have resulted in a great success in
schistosomiasis control in the country [16]. Notably, an
integrated strategy with emphasis on infectious source
control was developed in 2004 [17], and the wide imple-
mentation of the strategy results in a huge reduction in S.
japonicum infection in humans, livestock and snails in
China [18–32]. By 2015, transmission control of schisto-
somiasis has been achieved across the country [33],
indicating less than 1% S. japonicum infection in both
humans and livestock, no local acute infections, and
no infected snails for successive 2 years throughout
the country [34–36].
Currently, the remaining core regions endemic for S.

japonicum are mainly located in the marshland and lake
regions along the Yangtze River basin [37]. Oncomelania
hupensis, the intermediate host of S. japonicum, is
widely distributed in the shores of rivers and lakes along
the middle and lower reaches of the Yangtze River [38],
and the marshland is characterized by “land in winter,
water in summer” due to seasonal tide, which provides
an ideal environment for snail growth and reproduction
[39–41]. In addition, there are a huge number of live-
stock [42, 43] and a variety of wild animals on the
marshland [44], and plenty of boatmen and fishermen
living along the marshlands frequently contact with S.
japonicum-infested water [45–47], which complicate the
control efforts, and result in frequent resurgence of
schistosomiasis in the marshland regions of China [40].
Completely blocking the transmission of S. japonicum in
the marshland regions is therefore critical to and it has

become the primary task for elimination of schistosom-
iasis in China [48].
In order to effectively control the transmission of S.

japonicum in the marshland regions, multiple integrated
interventions have been developed, which are based on
inter-sectoral collaboration between governmental
departments from agriculture, health, water resource
development, forestry, and land and resources [49]. The
optimization and combination of these integrated
strategies has been proved to greatly facilitate the
progress towards the elimination of schistosomiasis in
China [50–52]. Previous studies have demonstrated that
a thorough and integrated modification of the snail
habitats is required in order to completely block the
transmission of S. japonicum in the marshland regions
[53–55].
Since 2001, industrial development was initiated in

Yizheng County along the Yangtze River, and an inte-
grated environmental improvement was simultaneously
performed targeting the marshland outside the embank-
ment. In the current study, we evaluated the effect of
this integrated environmental improvement of the
marshlands on control and elimination of schistosomiasis
in marshland regions of Yizheng County along the
Yangtze River, China, from 2001 to 2015.

Methods
Study site
Yizheng County is located on the north bank of the
lower reaches of the Yangtze River basin, which covers
an area of 901 km2, and has a population of 600
thousand. Currently, there are 5 out of 12 townships and
31 out of 149 villages endemic for S. japonicum, with
260 thousand people at risk of infection. There are 12.6
thousand accumulated schistosomiasis cases, 1.79 thou-
sand accumulated infected bovines, and accumulated
snail habitats of about 9.14 km2 detected in Yizheng
County.

Integrated environmental improvements of marshlands
Based on the epidemiological profile of the marshland
regions, an integrated environmental improvement of
the marshlands were carried out in Yizheng County
through the implementation of industrial development
projects from 2001 to 2004, and agricultural and water
resources development projects conducted between
2005 and 2011. Three projects were implemented for
industrial development. (1) Building boat factories.
Firstly, all wild trees and grasses were cleaned on the
marshland, and the snail habitats were given molluscicide
treatment. Then, the soil containing snails was deeply
buried with river sand, and the marshland was made flat.
Finally, boat factories were built on the marshland, and
tap-water treatment systems and public latrines with
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three-cell septic tanks were constructed. (2) Building
docks and harbors. The wild trees and grasses were
cleaned on the marshland, and docks and harbors were
built with concrete. (3) Building ecological parks. The
marshland was subjected to environmental improvement,
and ornamental plants were grown in high-elevation
marshlands, while fish was raised in low-elevation
marshlands to ensure no snail survival in the eco-
logical parks.
Agricultural development projects consisted of land

reclamation and planting, aquatic product breeding, and
building trees. (1) Land reclamation and planting. Wild
trees and reeds were cleaned from high-elevation marsh-
lands, which were then subjected to mechanized plough
and molluscicide treatment. Economic crops were planted
each year during the non-flood period, such as wheat and
rape. (2) Aquatic product breeding. Fish ponds were con-
structed in low-elevation marshlands to breed aquatic
products, such as fish and shrimp. (3) Building trees.
Populus nigra was grown in marshlands that were not
suitable for land reclamation and planting, and aquatic
product breeding after reeds were removed, to achieve
environmental improvement of the snail habitats.
Water resources development projects consisted of

hardening river banks with concrete, building sluices for
prevention of snail spread and construction of snail-
retention pools to allow no snail entry into ditches.
The gross national product (GNP) and output values

due to industrial, agricultural and water resources devel-
opment were collected in Yizheng County during the
study period from 2001 through 2015, and the propor-
tion of the output values of economic development in
GNP was estimated each year.

Effect of the integrated environmental improvements on
schistosomiasis elimination
During the period from 2001 to 2015, the study villages
were selected from Yizheng County using the clustering
sampling method [56]. Briefly, the 31 endemic villages
were classified into three types (low, moderate and high)
according to the endemicity, and two villages were
randomly selected from each type. All residents living in
the selected villages were identified for S. japonicum
infection by using serological screening followed by stool
examinations. The individuals were detected for specific
IgG antibodies against S. japonicum with a dipstick dye
immunoassay (DDIA) during the schistosomiasis non-
transmission period [57–59], and then all seropositives
received a miracidium hatching test (3 individual
hatches read blind, of 50 grams faces per hatching) [60].
The annual rate of human S. japonicum infection was
estimated using the following formula: rate of human S.
japonicum infection (%) = No. of egg-positives/No. of
residents examined × 100%. Acute schistosomiasis was

diagnosed based on the following criteria: (1) A history
of contact with S. japonicum-infested water during the
past 2 weeks to 3 months; (2) presence of fever, hepato-
megaly and peripheral blood eosinophilia, complicated
by splenomegaly, cough, liver tenderness, abdominal dis-
tension or diarrhea; and (3) detection of S. japonicum
egg or miracidium [61].
At spring and autumn of each year, all livestock were

detected for S. japonicum infection with a miracidium
hatching test [62], and the prevalence of S. japonicum
infection was calculated in livestock.
At spring each year, snail survey was performed in

ditches inside the embankment and in marshlands
outside the embankment using a systematic method
[38]. A snail collection device, measuring 0.1 m2, was
placed every 5 (in ditches) or 15 m (in marshlands)
along the survey line. All snails within the device were
captured, transferred to laboratory and identified for S.
japonicum infection under a microscope. The area of
snail habitats and infected snail habitats was recorded,
and the rate of S. japonicum infection in snails was
estimated.

Ethical consideration
This study was approved by the Ethical Review Committee
of Jiangsu Institute of Parasitic Diseases (permission
number: IRB00001037). Animal experiments were done
following the Guidelines for the Care and Use of Labora-
tory Animals, and signed informed consent was obtained
from all subjects participating in the study.

Data management and analysis
All data were processed and analyzed in Microsoft Excel
version 2007 (Microsoft Corporation; Redmond, WA,
USA).

Results
Implementation of integrated environmental
improvements of marshlands
During the period from 2001 through 2015, integrated
environmental improvements were implemented in
marshlands outside the embankment of Yizheng County,
with a total area of 4.95 km2. The rate of environmental
improvement appeared a rise over the study period, and
was 90% in 2015 (Table 1, Fig. 1). By 2015, there were
only 6 marshlands covering an area of 0.55 km2 that
remained to be improved, consisting of 10% of the total
marshlands outside the embankment (Fig. 2).
During the period from 2001 to 2015, a total of 15

marshlands outside the embankment were subjected to
industrial development, which covered an area of
4.12 km2 and consisted of 74.91% of the total marsh-
lands, and there were 3.75 (68.18%), 0.03 (0.55%), 0.15
(2.73%) and 0.19 km2 marshlands (3.45%) used for
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Table 1 Integrated improvements of marshlands in Yizheng County along the Yangtze River during the period from 2001 through
2015

Year Status of integrated control Rate of marshlands
with integrated
improvements in
all marshlands (%)

Interventions Integrated
improvements
of marshlands
at local year (km2)

Marshlands with
integrated
improvements
(km2)

Marshlands
without integrated
improvements
(km2)

2001 Building factory and trees 0.22 0.22 5.28 4

2002 Building factory and burying snails with river sand 0.67 0.89 4.61 16.18

2003 Building factory and burying snails with river sand 2 2.89 2.61 52.55

2004 Building factory and burying snails with river sand 1.33 4.22 1.28 76.73

2005 Building fish ponds 0.42 4.64 0.86 84.36

2006 None 0 4.64 0.86 8436

2007 Building docks 0.03 4.67 0.83 84.91

2008 Building ecological parks 0.19 4.86 0.64 88.36

2009 None 0 4.86 0.64 88.36

2010 Plough and planting 0.08 4.94 0.56 89.82

2011 Building docks 0.01 4.95 0.55 90

2012 None 0 4.95 0.55 90

2013 None 0 4.95 0.55 90

2014 None 0 4.95 0.55 90

2015 None 0 4.95 0.55 90

Fig. 1 Annual area of the marshlands with and without integrated environmental improvements in Yizheng County along the Yangtze River from
2001 to 2015
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building boat factories, docks, harbors and ecological
parks, respectively (Fig. 2). Agricultural development
was conducted in 4 marshlands, which covered an area
of 0.84 km2 and consisted of 15.27% of the total marsh-
lands, and there were 0.39 (7.09%), 0.26 (4.73%) and
0.19 km2 marshlands (3.45%) with land reclamation and
planting, aquatic product breeding, and trees building,
respectively (Table 1, Fig. 2). In addition, 6 river banks
were hardened with concrete with 4.87 km in length,
and 6 sluices/snail-retention pools were built.
During the 15-year study period, the total output

values due to industrial, agricultural and water resources
development consisted of 44.23% of the total GNP in
Yizheng Country from 2001 through 2015, and the rate
of the output values of economic development in the
total GNP appeared a tendency towards a rise between
2001 and 2012 (Table 2).

S. japonicum infection in snails
During the period from 2001 to 2015, a total of 72 095
snails were captured and examined for S. japonicum
infection, and 34 snails were identified with infection,
with a 0.05% overall infection rate observed. Since 2007,
no infected snails were detected (Fig. 3). In addition, a
total of 11.09 km2 snail habitats were identified during
the 15-year study period. During the first 7 years of the
integrated control, snail habitats were rapidly shrunk,
and the area of snail habitats reduced by 80.47% in 2007
relative to 2001, with an annual decline of 13.41%. Since
2012, no snails were found. A total of 0.52 km2 infected
snail habitats were identified from 2001 to 2015, and

98.08% were detected between 2002 and 2005. Since
2007, no infected snail habitats were found (Table 3).

S. japonicum infection in humans and livestock
From 2001 to 2015, a total of 316 290 residents were de-
tected for S. japonicum infection, and 276 individuals

Fig. 2 Constitution of interventions implemented for the integrated environmental improvements of marshlands in Yizheng County along the
Yangtze River from 2001 to 2015

Table 2 Proportion of the output values of economic
development in GNP in Yizheng County from 2001 to 2015

Year GNP in
Yizheng
County
(Billion Yuan)

Output values of
industrial, agricultural
and water resources
development
(Billion Yuan)

Proportion of the
output values of
economic
development
in GNP (%)

2001 5.67 1.86 32.8

2002 6.11 2.2 36.01

2003 7.17 3.35 46.72

2004 8.81 4.73 53.69

2005 10.6 6.13 57.83

2006 13.01 7.52 57.8

2007 16.25 8.98 55.26

2008 20.06 9.12 45.46

2009 22.73 12.3 54.11

2010 27.82 16.7 60.03

2011 33.35 24.3 72.86

2012 37.02 25.5 68.88

2013 41.02 11.16 27.21

2014 45.45 10.15 22.33

2015 50.2 8.71 17.35

Total 345.27 152.71 44.23
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were identified with infections, with a 0.09% overall
prevalence of S. japonicum infection. Most of the human
S. japonicum infection was detected in the first 4 years of
the integrated control between 2001 and 2004, which con-
sisted of 88.77% of the total infections. No human infec-
tion was found since 2012 (Fig. 3). In addition, there were
122 acute infections identified during the 15-year study
period, and all cases were detected between 2001 and
2004. Since 2005, no acute infection was observed (Fig. 4).

During the 15-year study period, a total of 15583 live-
stock were detected for S. japonicum infection, and only 13
bovines were identified with infection in 2003. Since 2004,
no S. japonicum infection was found in livestock (Fig. 3).
Following 5-year integrated environmental improve-

ments of the marshlands, infection control was achieved
in Yizheng County in 2005, and transmission control was
achieved in 2007. In addition, the transmission of S. japo-
nicum has been interrupted in the county since 2013.

Fig. 3 Annual rate of S. japonicum infection in humans, livestock and snails in Yizheng County along the Yangtze River from 2001 to 2015

Table 3 Results of snail survey in Yizheng County along the Yangtze River during the period from 2001 through 2015

Year Snail
survey (km2)

Area of snail habitats (km2) S. japonicum infection in snails Area of infected
snail habitats (km2)Outside embankment Inside embankment No. snails examined Infection in snails (%)

2001 16.8 1.87 0.05 9464 0 0

2002 16.8 1.89 0.06 11955 0.03 0.02

2003 16.8 1.79 0.1 14175 0.12 0.16

2004 16.82 1.59 0.13 12177 0.07 0.24

2005 16.82 1.59 0.13 11938 0.02 0.09

2006 16.82 0.72 0.14 2445 0.12 0.01

2007 16.82 0.37 0.005 4342 0 0

2008 16.82 0.17 0.005 849 0 0

2009 9.14 0.14 0.009 1111 0 0

2010 9.14 0.15 0.008 2287 0 0

2011 9.14 0.16 0.009 1352 0 0

2012 9.14 0 0 0 0 0

2013 9.14 0 0 0 0 0

2014 9.14 0 0 0 0 0

2015 9.14 0 0 0 0 0
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Discussion
Previous studies have demonstrated that elimination of
the source of S. japonicum infection or the intermediate
host snail is the key intervention leading to interruption of
schistosomiasis transmission [63]. However, the source of
S. japonicum infection is difficult to be eliminated in
marshland regions since (1) A variety of wild animals,
which may serve as reservoir hosts for S. japonicum, are
living in marshlands, which complicate the control efforts
[44]; (2) The massive marshlands are ideal sites for the
gathering of livestock [42]; and (3) A large number of mo-
bile boatmen and fishermen are living and working along
the Yangtze River, which increases the risk of importation
of infectious sources [45–47]. In addition, the extensive
snail dispersal due to flooding, and the high reproduction
rate of residual snails result in a low possibility for elimin-
ation of snails from the marshland regions [39].
In this study, the integrated environmental improve-

ments of the marshland regions experienced a long period
of time, which may be classified into early- (environmental
modification), intermediate- (building factory), and late-
stages (surveillance). At the early stage, a large number of
workers lived and worked in the marshlands which had a
high risk of S. japonicum, and acute infection easily
occurred. Our data showed a total of 122 acute cases
during the period between 2001 and 2004, suggesting that
individual protection is required for workers on the
marshlands. At the intermediate stage, workers were busy
in building factories, and had a reduction in the frequency
to contact with infested water, resulting in a decline in
human S. japonicum infection. Therefore, management of
human feces and provision of access to safe water is re-
quired at this stage. At the late stage, the monitoring of S.

japonicum infection in newly recruited workers should be
strengthened to consolidate the control achievements,
since no local source of S. japonicum infection was de-
tected. Following 15-year integrated control, there were
10% of the total marshland that remained to be developed,
and reeds are predominant vegetations on these marsh-
lands, which are potential snail habitats and potential
threat to resurgence of schistosomiasis. The surveillance
and control of snails on the remaining marshlands with-
out integrated improvements is required to consolidate
the control efforts. In addition, the monitoring of external
sources of S. japonicum infection should be strengthened
to prevent the importation of mobile sources of S. japoni-
cum infection from the Yangtze River, so as to achieve the
elimination of schistosomiasis.
During the 15-year study period from 2001 through

2015, the total output values due to economic develop-
ment consisted of 44.23% of the total GNP in the study
site, and the rate of the output values of economic devel-
opment in the total GNP showed an increasing tendency
between 2001 and 2012. Our data demonstrate that the
industrial, agricultural and water resources development
projects facilitate local economic development in Yizheng
County, and achieve complete improvements of snail hab-
itats on the marshlands. The integrated environmental im-
provements of marshlands resulted in a rapid transfer
from a hyper-endemic region to transmission interruption
of schistosomiasis, and elimination of this infectious dis-
ease of poverty as a public health concern in Yizheng
County. This strategy may provide new insights into the
elimination of schistosomiasis in developing countries.
Our study has a limitation that no parallel control was

designed. During the study period, the National Mid-

Fig. 4 Annual number of acute human S. japonicum infection in Yizheng County along the Yangtze River from 2001 to 2015
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and Long-term Plan for the Prevention and Control of
Schistosomiasis in China (2004–2015) was implemented
in the study site [17], which increased the difficulty to
assign a parallel control. However, our data indicated the
integrated environmental improvements of marshlands
played a leading role in the control and elimination of
schistosomiasis in Yizheng County. In addition, the
Three Gorges Dam was operated during the study
period [64], which may positively or negatively affect the
progress towards the elimination of schistosomiasis in
the middle and lower reaches of the Yangtze River [65].
The changes of water levels caused by the Three Gorges
Dam operation result in the extension of the duration of
marshland exposure, which may increase the humans
and livestock activities on marshlands. This may increase
the risk of schistosomiasis transmission. However, the ef-
fective regulation of the water levels by the Dam may re-
duce the anti-flood pressure in the lower reaches of the
Yangtze River, and previously non-utilized marshlands
may be gradually developed. Our findings also showed
that the integrated environmental improvements of
marshlands achieved double benefits of promoting local
economic development and eliminating schistosomiasis.

Conclusions
The results of the present study demonstrate that the
integrated environmental improvement of marshlands
through the implementation of industrial, agricultural and
water resources development projects, not only alters snail
habitats in marshland regions, and promotes local eco-
nomic development, which appears a win-to-win strategy
to block the transmission of S. japonicum and accelerate
socio-economic development along the Yangtze River.
Our findings provide new insights into the development
of strategies for transmission interruption and elimination
of schistosomiasis in developing countries.

Additional file

Additional file 1: Multilingual abstracts in the six official working
languages of the United Nations. (PDF 688 kb)

Abbreviations
DDIA: Dipstick dye immunoassay; GNP: Gross national product

Acknowledgements
We would like to express our sincere thanks to the staff working in the
Department of Schistosomiasis, Parasitic Diseases and Endemic Diseases,
Yizheng County Center for Disease Control and Prevention for their kind
help in the field work.

Funding
This study was supported by the grants from the National Science & Technology
Pillar Program of China (grant no. 2009BAI78B07), Jiangsu Provincial Department
of Science and Technology (grant no. BL2014021), Jiangsu Provincial Young
Talents in Medical Sciences (grant no. QNRC2016621) and Jiangsu Department
of Health (grant nos. X201408 and X201410).

Availability of data and materials
All data presented in the study can be accessed in Yizheng County Center
for Disease Control and Prevention, China.

Authors’ contributions
LPS, YSL and WW conceived and designed the study. HTY provided kind
comments on the implementation of the study, and revision of the manuscript.
LPS, YPZ, ZQZ, QBH, GJY and HRZ performed the field experiments. LPS
collected and analyzed the data. LPS prepared the first version of the
manuscript. WW revised and finalized the manuscript. All authors read and
approved the final version of the manuscript.

Competing interests
The authors declare no competing interests.

Consent for publication
All authors provided consent for publication.

Ethics approval and consent to participate
This study was approved by the Ethical Review Committee of Jiangsu
Institute of Parasitic Diseases (permission number: IRB00001037). Animal
experiments were done following the Guidelines for the Care and Use of
Laboratory Animals, and signed informed consent was obtained from all
subjects participating in the study.

Author details
1Key Laboratory of National Health and Family Planning Commission on
Parasitic Disease Control and Prevention, No. 117 Yangxiang, Meiyuan, Wuxi
City, Jiangsu Province 214064, China. 2Jiangsu Provincial Key Laboratory on
Parasites and Vector Control Technology, No. 117 Yangxiang, Meiyuan, Wuxi
City, Jiangsu Province 214064, China. 3Jiangsu Institute of Parasitic Diseases,
No. 117 Yangxiang, Meiyuan, Wuxi City, Jiangsu Province 214064, China.
4Yangzhou Municipal Center for Disease Control and Prevention, No. 36
Yanfu East Road, Yangzhou City, Jiangsu Province 225000, China. 5Yizheng
County Center for Disease Control and Prevention, NO. 1 Jiankang Road,
Yangzhou City, Jiangsu Province 211440, China.

Received: 19 January 2017 Accepted: 15 March 2017

References
1. Colley DG, Bustinduy AL, Secor WE, King CH. Human schistosomiasis. Lancet.

2014;383:2253–64.
2. Bhutta ZA, Sommerfeld J, Lassi ZS, Salam RA, Das JK. Global burden,

distribution, and interventions for infectious diseases of poverty. Infect Dis
Poverty. 2014;3:21.

3. Ross AG, Bartley PB, Sleigh AC, Olds GR, Li Y, Williams GM, McManus DP.
Schistosomiasis. N Engl J Med. 2002;346:1212–20.

4. Chen MG. Assessment of morbidity due to Schistosoma japonicum infection
in China. Infect Dis Poverty. 2014;3:6.

5. Zhou XN, Wang LY, Chen MG, Wu XH, Jiang QW, Chen XY, Zheng J,
Utzinger J. The public health significance and control of schistosomiasis in
China–then and now. Acta Trop. 2005;96:97–105.

6. Utzinger J, Zhou XN, Chen MG, Bergquist R. Conquering schistosomiasis in
China: the long march. Acta Trop. 2005;96:69–96.

7. Zhou XN, Guo JG, Wu XH, Jiang QW, Zheng J, Dang H, Wang XH, Xu J, Zhu
HQ, Wu GL, Li YS, Xu XJ, Chen HG, Wang TP, Zhu YC, Qiu DC, Dong XQ,
Zhao GM, Zhang SJ, Zhao NQ, Xia G, Wang LY, Zhang SQ, Lin DD, Chen
MG, Hao Y. Epidemiology of schistosomiasis in the People’s Republic of
China, 2004. Emerg Infect Dis. 2007;13:1470–6.

8. Yan J, Hu Tao, Lei ZL. The endemic situation and challenges of major
parasitic diseases in China. Chin J Parasitol Parasit Dis. 2015;33:412-7.
(in Chinese).

9. Spear RC, Seto EY, Carlton EJ, Liang S, Remais JV, Zhong B, Qiu D. The
challenge of effective surveillance in moving from low transmission to
elimination of schistosomiasis in China. Int J Parasitol. 2011;41:1243–7.

10. Gray DJ, Li YS, Williams GM, Zhao ZY, Harn DA, Li SM, Ren MY, Feng Z, Guo
FY, Guo JG, Zhou J, Dong YL, Li Y, Ross AG, McManus DP. A multi-
component integrated approach for the elimination of schistosomiasis in
the People’s Republic of China: design and baseline results of a 4-year
cluster-randomised intervention trial. Int J Parasitol. 2014;44:659–68.

Sun et al. Infectious Diseases of Poverty  (2017) 6:72 Page 8 of 10

dx.doi.org/10.1186/s40249-017-0287-1


11. Xu J, Steinman P, Maybe D, Zhou XN, Lv S, Li SZ, Peeling R. Evolution of the
national schistosomiasis control programmes in the People’s Republic of
China. Adv Parasitol. 2016;92:1–38.

12. Collins C, Xu J, Tang S. Schistosomiasis control and the health system in P.R.
China. Infect Dis Poverty. 2012;1:8.

13. Wang W, Dai JR, Liang YS. Apropos: factors impacting on progress towards
elimination of transmission of schistosomiasis japonica in China. Parasit
Vectors. 2014;7:408.

14. McManus DP, Gray DJ, Li Y, Feng Z, Williams GM, Stewart D, Rey-Ladino J,
Ross AG. Schistosomiasis in the People’s Republic of China: the era of the
Three Gorges Dam. Clin Microbiol Rev. 2010;23:442–66.

15. Zhu H, Yap P, Utzinger J, Jia TW, Li SZ, Huang XB, Cai SX. Policy support and
resources mobilization for the national schistosomiasis control programme
in the People’s Republic of China. Adv Parasitol. 2016;92:341–83.

16. Xu J, Xu JF, Li SZ, Zhang LJ, Wang Q, Zhu HH, Zhou XN. Integrated control
programmes for schistosomiasis and other helminth infections in P.R. China.
Acta Trop. 2015;141:332–41.

17. Wang LD, Chen HG, Guo JG, Zeng XJ, Hong XL, Xiong JJ, Wu XH, Wang XH,
Wang LY, Xia G, Hao Y, Chin DP, Zhou XN. A strategy to control transmission
of Schistosoma japonicum in China. N Engl J Med. 2009;360:121–8.

18. Wang LD, Guo JG, Wu XH, Chen HG, Wang TP, Zhu SP, Zhang ZH,
Steinmann P, Yang GJ, Wang SP, Wu ZD, Wang LY, Hao Y, Bergquist R,
Utzinger J, Zhou XN. China’s new strategy to block Schistosoma japonicum
transmission: experiences and impact beyond schistosomiasis.
Trop Med Int Health. 2009;14:1475–83.

19. Wang X, Wang W, Wang P. Long-term effectiveness of the integrated
schistosomiasis control strategy with emphasis on infectious source control in
China: a 10-year evaluation from 2005 to 2014. Parasitol Res. 2016; in press.

20. Liu R, Dong HF, Jiang MS. The new national integrated strategy
emphasizing infection sources control for schistosomiasis control in China
has made remarkable achievements. Parasitol Res. 2013;112:1483–91.

21. Qian YL, Wang W, Hong QB, Liang YS. Bibliometric analysis of literature
regarding integrated schistosomiasis control strategy with emphasis on
infectious source control. Chin J Schisto Control. 2014;26:626–31 (in Chinese).

22. Chen HG, Zeng XJ, Xiong JJ, Jiang WS, Hong XL, Hu SZ, Guo JG. Study
on comprehensive schistosomiasis control strategy with emphasis on
infectious source control in Poyang Lake areas. Chin J Schisto Control.
2009;21:243–9 (in Chinese).

23. Yi DH, Yi P, Liu ZC, Li YS, Quan MZ, Xiao SY. Practice and thought of
schistosomiasis contorl with emphasis on control sources of infection in
Dongting Lake area. Chin J Schisto Control. 2009;21:161–4 (in Chinese).

24. Zhu SP, Li SM, Wei CJ, Yang QY, Lu BK, Liao YZ, Chen JA, Jia TW. Evaluation
of schistosomiasis control effect of buffalo removal in Anxiang County. Chin
J Schisto Control. 2011;23:546–50 (in Chinese).

25. Hong XC, Xu XJ, Chen X, Li YS, Yu CH, Yuan Y, Chen YY, Li RD, Qiu J, Liu
ZC, Yi P, Ren GH, He HB. Assessing the effect of an integrated control
strategy for schistosomiasis japonica emphasizing bovines in a
marshland area of Hubei Province, China: a cluster randomized trial.
PLoS Negl Trop Dis. 2013;7:e2122.

26. Chen YY, Liu JB, Huang XB, Cai SX, Su ZM, Zhong R, Zou L, Miao XP.
New integrated strategy emphasizing infection source control to curb
Schistosomiasis japonica in a marshland area of Hubei Province, China:
findings from an 8-year longitudinal survey. PLoS ONE. 2014;9:e89779.

27. Yang K, Li HJ, Yang WC, Shi XW, Qi YL. Effect of comprehensive
schistosomiasis control measures with emphasis on infectious source
control in dam areas of mountainous region, Yunnan Province.
Chin J Schisto Control. 2009;21:272–75. in Chinese.

28. Chen SR, Li BG, Luo JJ, Li WB, Mu LX, Tian SH, Li P, Liu YH, Yang H, Wang SW,
Chen F, Luo BR, Li KR, Duan YC. Effect of comprehensive schistosomiasis
control measures based on infection source control in mountainous areas of
Yunnan Province. Chin J Schisto Control. 2015;27:11–6 (in Chinese).

29. Yihuo WL, Zhou YB, Liu GM, Wu ZS, Wang SA, Xu L, Liu HB, Jiang QW. Effect
of 4-year comprehensive schistosomiasis control in Puge County, Sichuan
Province. Chin J Schisto Control. 2009;21:276–9.

30. Chen Z, Rao XL, Li YF, Gu XN, Xu MX, Lin DD. Effect of schistosomiasis control
strategy based on infection source control of Poyang Lake region in Yongxiu
County promotion zone. Chin J Schisto Control. 2015;27:579–82. in Chinese.

31. Zeng XJ, Chen HG, Hong XL, Hu ZH, Jiang WS, Hu SZ, Fan YL, Ge J.
Evaluation on medium-term effect of schistosomiasis comprehensive
control strategy based on infectious source control in Poyang Lake area.
Chin J Schisto Control. 2012;24:382–6 (in Chinese).

32. He LC, Wang JS, Rong XB, Peng XW, Fu ZY, He ZW, Huang WJ, Zhang HM,
Liu J, Peng YX. Effect of comprehensive schistosomiasis control strategies
with emphasis on infection source control in marshland and lake regions.
Chin J Schisto Control. 2010;22:278–80 (in Chinese).

33. Zhang LJ, Xu ZM, Qian YJ, Dang H, Lu S, Xu J, Li SZ, Zhou XN. Endemic
situation of schistosomiasis in People’s Republic of China. Chin J Schisto
Control. 2016;28:611–7 (in Chinese).

34. Zhou XN, Xu J, Lin DD, Wang TP, Liang YS, Zhong B, Li SZ, Yang GJ, Jiang
QW. Role of the new version of the Control and Elimination Criteria for
Schistosomiasis in acceleration of the schistosomiasis elimination program
in China. Chin J Schisto Control. 2013;25:1–4 (in Chinese).

35. Zhou XN, Wang TP, Lin DD, Wen LY, Zhou B, Xu J, Li SZ. The
evidences for formulation of schistosomiasis control and elimination
criteria: results from a large scale of retrospective investigations. Chin J
Schisto Control. 2014;26:479–81 (in Chinese).

36. MOH. Control and elimination of schistosomiasis (GB 19976–2015). Beijing:
People’s Medical Publishing House; 2015. p. 1–7. in Chinese.

37. Zhang SQ, Sun CS, Wang M, Lin DD, Zhou XN, Wang TP. Epidemiological
features and effectiveness of schistosomiasis control programme in lake and
marshland region in the People’s Republic of China. Adv Parasitol. 2016;92:39–71.

38. Li ZJ, Ge J, Dai JR, Wen LY, Lin DD, Madsen H, Zhou XN, Lv S. Biology and
control of snail intermediate host of Schistosoma japonicum in the People’s
Republic of China. Adv Parasitol. 2016;92:197–236.

39. Gray DJ, Williams GM, Li Y, McManus DP. Transmission dynamics of Schistosoma
japonicum in the lakes and marshlands of China. PLoS ONE. 2008;3, e4058.

40. Hu Y, Zhang Z, Chen Y, Wang Z, Gao J, Tao B, Jiang Q, Jiang Q. Spatial
pattern of schistosomiasis in Xingzi, Jiangxi Province, China: the effects of
environmental factors. Parasit Vectors. 2013;6:214.

41. Zhang ZJ, Carpenter TE, Lynn HS, Chen Y, Bivand R, Clark AB, Hui FM, Peng
WX, Zhou YB, Zhao GM, Jiang QW. Location of active transmission sites of
Schistosoma japonicum in lake and marshland regions in China.
Parasitology. 2009;136:737–46.

42. Chen H, Lin D. The prevalence and control of schistosomiasis in Poyang
Lake region, China. Parasitol Int. 2004;53:115–25.

43. McManus DP, Gray DJ, Ross AG, Williams GM, He HB, Li YS. Schistosomiasis
research in the dongting lake region and its impact on local and national
treatment and control in China. PLoS Negl Trop Dis. 2011;5, e1053.

44. Zhou YB, Liang S, Jiang QW. Factors impacting on progress towards
elimination of transmission of schistosomiasis japonica in China. Parasit
Vectors. 2012;5:275.

45. Ross AG, Yuesheng L, Sleigh AS, Yi L, Williams GM, Wu WZ, Xinsong L,
Yongkang H, McManus DP. Epidemiologic features of Schistosoma japonicum
among fishermen and other occupational groups in the Dongting Lake region
(Hunan Province) of China. Am J Trop Med Hyg. 1997;57:302–8.

46. Li YS, He YK, Zeng QR, McManus DP. Epidemiological and morbidity
assessment of Schistosoma japonicum infection in a migrant fisherman
community, the Dongting Lake region, China. Trans R Soc Trop Med Hyg.
2003;97:177–81.

47. Ding GS. Surveillance on schistosomiasis of boat fishermen along Yangtze
River in Nantong City from 2006 to 2010. Chin J Schisto Control.
2012;24:214–6 (in Chinese).

48. Lei ZL, Zhou XN. Eradication of schistosomiasis: a new target and a new
task for the National Schistosomiasis Control Porgramme in the People’s
Republic of China. Chin J Schisto Control. 2015;27:1–4 (in Chinese).

49. Yang Y, Zhou YB, Song XX, Li SZ, Zhong B, Wang TP, Bergquist R, Zhou
XN, Jiang QW. Integrated control strategy of schistosomiasis in the
People’s Republic of China: projects involving agriculture, water
conservancy, forestry, sanitation and environmental modification. Adv
Parasitol. 2016;92:237–68.

50. Sun LP, Wang W, Liang YS, Tian ZX, Hong QB, Yang K, Yang GJ, Dai JR, Gao
Y. Effect of an integrated control strategy for schistosomiasis japonica in the
lower reaches of the Yangtze River, China: an evaluation from 2005 to 2008.
Parasit Vectors. 2011;4:243.

51. Hong QB, Yang K, Huang YX, Sun LP, Yang GJ, Gao Y, Gao Y, Zhang LH,
Zhou M, Steinmann P, Liang YS. Effectiveness of a comprehensive
schistosomiasis japonica control program in Jiangsu province, China, from
2005 to 2008. Acta Trop. 2011;120:S151–7.

52. Zhou YB, Liang S, Chen GX, Rea C, Han SM, He ZG, Li YP, Wei JG, Zhao GM,
Jiang QW. Spatial-temporal variations of Schistosoma japonicum distribution
after an integrated national control strategy: a cohort in a marshland area
of China. BMC Public Health. 2013;13:297.

Sun et al. Infectious Diseases of Poverty  (2017) 6:72 Page 9 of 10



53. Huang YX, Cai G. Survey on present situation of marshland and snail habitat
areas and study on control strategy of marshland and Oncomelania
hupensis in 5 cities along the Yangtze River in Jiangsu Province.
Chin J Schisto Control. 2000;12:86–90 (in Chinese).

54. Tao HY, Xia A, Zhao YM, Jiang J. Effect and cost-benefit of Oncomelania
snail control by plowing and planting in Jiaobei Beach of Zhenjiang City.
Chin J Schisto Control. 2012;24:576–8 (in Chinese).

55. Song HT, Zhang JK, Li LG, Man HC, Shi M, Jiang H. Study on comprehensive
development to control schistosomaisis transmission in marshland.
Chin J Schisto Control. 1994;6:203–6 (in Chinese).

56. Shen XH, Sun LP, Li YF, Wang L, Chen XP, Wang HS, Dai JR. Effect of mid-
and long-term schistosomiasis control plan and discussion of consolidation
strategy in marshland endemic regions. Chin J Schisto Control.
2015;27:457–62 (in Chinese).

57. Zhu Y, He W, Liang Y, Xu M, Yu C, Hua W, Chao G. Development of a rapid,
simple dipstick dye immunoassay for schistosomiasis diagnosis. J Immunol
Methods. 2002;266:1–5.

58. Li YF, Wang HS, Chen XP, Shen XH, Hou HG, Wu FX, Zhang MH, Liu L.
Investigation on infection of schistosomiasis japonica in school children by
dipstick dye immunoassay. Chin J Schisto Control. 2005;17:60–1 (in Chinese).

59. Wang XY, Yang K. Serological diagnosis methods of schistosomiasis
japonica at different prevalence: a meta-analysis. Chin J Schisto Control.
2016;28:18–25. 29, (in Chinese).

60. Zhu HQ, Xu J, Zhu R, Cao CL, Bao ZP, Yu Q, Zhang LJ, Xu XL, Feng Z, Guo
JG. Comparison of the miracidium hatching test and modified Kato-Katz
method for detecting Schistosoma japonicum in low prevalence areas of
China. Southeast Asian J Trop Med Public Health. 2014;45:20–5.

61. Li SZ, Zheng H, Abe EM, Yang K, Bergquist R, Qian YJ, Zhang LJ, Xu ZM, Xu
J, Guo JG, Xiao N, Zhou XN. Reduction patterns of acute schistosomiasis in
the People’s Republic of China. PLoS Negl Trop Dis. 2014;8, e2849.

62. Li H, Dong GD, Liu JM, Gao JX, Shi YJ, Zhang YG, Jin YM, Lu K, Cheng GF,
Lin JJ. Elimination of schistosomiasis japonica from formerly endemic areas
in mountainous regions of southern China using a praziquantel regimen.
Vet Parasitol. 2015;208:254–8.

63. Zhou XN, Jiang QW, Guo JG, Lin DD, Zhu R, Yang GJ, Yang K, Li SZ, Xu J.
Road map for transmission interruption of schistosomiasis in China.
Chin J Schisto Control. 2012;24:1–4 (in Chinese).

64. Wu JY, Zhou YB, Chen Y, Liang S, Li LH, Zheng SB, Zhu SP, Ren GH, Song
XX, Jiang QW. Three Gorges Dam: Impact of water level changes on the
density of schistosome-transmitting snail Oncomelania hupensis in Dongting
Lake area, China. PLoS Negl Trop Dis. 2015;9, e0003882.

65. Zhou YB, Liang S, Chen Y, Jiang QW. The Three Gorges Dam: Does it
accelerate or delay the progress towards eliminating transmission of
schistosomiasis in China? Infect Dis Poverty. 2016;5:63.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Sun et al. Infectious Diseases of Poverty  (2017) 6:72 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusion

	Multilingual abstracts
	Background
	Methods
	Study site
	Integrated environmental improvements of marshlands
	Effect of the integrated environmental improvements on schistosomiasis elimination
	Ethical consideration
	Data management and analysis

	Results
	Implementation of integrated environmental improvements of marshlands
	S. japonicum infection in snails
	S. japonicum infection in humans and livestock

	Discussion
	Conclusions
	Additional file
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

