
Provided for non-commercial research and educational use only.
Not for reproduction, distribution or commercial use.

This chapter was originally published in the book Schistosomiasis in The People's
Republic of China: from Control to Elimination, Volume 92. The copy attached is

provided by Elsevier for the author's benefit and for the benefit of the author's
institution, for non-commercial research, and educational use. This includes without

limitation use in instruction at your institution, distribution to specific colleagues,
and providing a copy to your institution's administrator.

All other uses, reproduction and distribution, including
without limitation commercial reprints, selling or
licensing copies or access, or posting on open

internet sites, your personal or institution’s website or
repository, are prohibited. For exceptions, permission

may be sought for such use through Elsevier’s
permissions site at:

http://www.elsevier.com/locate/permissionusematerial

From Xu, J., Bergquist, R., Qian, Y.J., Wang, Q., Yu, Q., Peeling, R., Croft, S., Guo,
J.G., Zhou, X.N., 2016. China‐Africa and China‐Asia Collaboration on
Schistosomiasis Control: A SWOT Analysis. In: Zhou, X.‐N., Li, S.‐Z.,

Utzinger, J., Bergquist, R., (Eds.), Schistosomiasis in The People's Republic of
China: from Control to Elimination, pp. 435–466.

ISBN: 9780128094662
Copyright © 2016 Elsevier Ltd. All rights reserved

Academic Press

Author's personal copy

http://www.elsevier.com/locate/permissionusematerial


CHAPTER FIFTEEN

ChinaeAfrica and ChinaeAsia
Collaboration on Schistosomiasis
Control: A SWOT Analysis
J. Xu*,x,{, R. Bergquistk, Y.-J. Qian*,x,{, Q. Wang*,x,{, Q. Yu*,x,{,
R. Peeling#, S. Croft#, J.-G. Guo** and X.-N. Zhou*,x,{,1
*National Institute of Parasitic Diseases, Chinese Center for Disease Control and Prevention, Shanghai,
The People’s Republic of China
xKey Laboratory of Parasite & Vector Biology, Ministry of Public Health, Shanghai, The People’s
Republic of China
{WHO Collaborating Center for Tropical Diseases, Shanghai, The People’s Republic of China
kGeospatial Health, University of Naples Federico II, Naples, Italy
#London School of Hygiene and Tropical Medicine, London, United Kingdom
**World Health Organization, Geneva, Switzerland
1Corresponding author: E-mail: zhouxn1@chinacdc.cn

Contents

1. Introduction 436
2. Cooperation Between The People’s Republic of China and Endemic Countries in

Africa and Asia
438

2.1 Strengths 438
2.1.1 Similar transmission patterns 438
2.1.2 Political commitment and strong policies 439
2.1.3 Achievements made 440
2.1.4 Improved capacity for operational research 440
2.1.5 Training 441
2.1.6 Collaborative activities 441

2.2 Weaknesses 442
2.2.1 Different symptoms and different intermediate hosts 442
2.2.2 Underestimated disease burdens 443
2.2.3 Low coverage of chemotherapy 443
2.2.4 Inadequate coverage of safe water and sanitation 445
2.2.5 Lack of sectoral collaboration and stakeholders inclusion 445

2.3 Opportunities 446
2.3.1 Interest in global health issues by the Chinese government 446
2.3.2 New and sensitive tools 446
2.3.3 Increased international interest elimination of schistosomiasis 447
2.3.4 Rapid social and economic development 447

2.4 Threats 448
2.4.1 Fragile security situation 448
2.4.2 Imperfect health systems 448

Advances in Parasitology, Volume 92
ISSN 0065-308X
http://dx.doi.org/10.1016/bs.apar.2016.02.005

© 2016 Elsevier Ltd.
All rights reserved. 435 j

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://dx.doi.org/10.1016/bs.apar.2016.02.005


2.4.3 Lack of political commitment 449
2.4.4 Inequity of access 449

3. Priorities in China e Africa/Asia collaboration 450
3.1 Coordination 450
3.2 Risk mapping 451
3.3 Chemotherapy coverage 451
3.4 Snail control 452
3.5 Diagnostic tools 453
3.6 Surveillance and response 453

4. Current status 454
5. Conclusions 456
Acknowledgements 457
References 457

Abstract

Schistosomiasis, a disease caused by a trematode, parasitic worm, is a worldwide public
health problem. In spite of great progress with regard to morbidity control, even
elimination of this infection in recent decades, there are still challenges to overcome
in sub-Saharan Africa and endemic areas in Southeast Asia. Regarded as one of the
most successful countries with respect to schistosomiasis control, The People’s Repub-
lic of China has accumulated considerable experience and learnt important lessons in
various local settings that could benefit schistosomiasis control in other endemic coun-
tries. Based on an analysis of conceived strengths, weaknesses, opportunities and
threats (SWOT) of potential collaborative activities with regard to schistosomiasis in
Africa and Asia, this article addresses the importance of collaborative efforts and
explores the priorities that would be expected to facilitate the transfer of Chinese expe-
rience to low- and middle-income countries in Africa and Asia.

1. INTRODUCTION

The trematode worm infection schistosomiasis has been known since
antiquity and remains a major public health problem draining the economic
development worldwide. According to the World Health Organization
(WHO), the number of countries in tropical and subtropical areas that are
endemic for this disease stands currently at 78, 50 of them in Africa and
17 in Asia (WHO, 2013). Schistosoma mansoni and S. haematobium are wide-
spread in Africa that also harbours limited foci of S. intercalatum in the centre
and western parts of the continent (Ross et al., 2013; WHO, 2013). In Asia,
S. japonicum are reported in The People’s Republic of China and the
Philippines, while small pockets exist on the island of Sulawesi in Indonesia
(Ross et al., 2013). Similarly, small pockets of S. mekongi exist along a short
stretch of the Mekong River at the border between Cambodia and Laos
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(Muth et al., 2010). In addition, S. malayensis which is closely related to S.
japonicum has been reported in few sites of Malaysia (Greer et al., 1988).

S. mansoni, S. haematobium and S. japonicum are mainly responsible for the
human disease burden. Recent estimates suggest that over 250 million people
have schistosomiasis in the world, which translates into a global burden of
3.3 million disability-adjusted life years (DALYs) (Hotez et al., 2014), a figure
even higher than the 200 million infected believed to have existed by the end
of last century (Chitsulo et al., 2000). However, the true DALY figure may
be almost 10 times higher as argued by King (2010). With the discovery and
release for large-scale use of the safe and high-efficient anthelmintic drug pra-
ziquantel (PZQ) (Davis and Wegner, 1979) and its subsequent dramatic fall
in price, chemotherapy became the backbone of schistosomiasis control pro-
grammes. Significant reduction of morbidity and prevalence of schistosomi-
asis was achieved, including local elimination in several countries (Barkia
et al., 2011; Chen et al., 2005; Ebisawa, 1998; French et al., 2010). In recent
decades, interests in schistosomiasis control and discussion of suitable strate-
gies for elimination have been raised at international meetings (Fenwick
and Savioli, 2011; Rollinson et al., 2013). Although morbidity control is still
the main target, particularly in sub-Saharan Africa (SSA), the resolution
passed by World Health Assembly (WHA 65.21) in 2012 calls for the
increased investment in schistosomiasis control to initiate elimination pro-
grammes where appropriate (WHA, 2012).

More than 90% of populations in need of chemotherapy with PZQ live
in Africa and the Middle East, where people often have scarce sanitation and
lack safe water (WHO, 2013). Control and/or elimination of schistosomiasis
are facing great challenges in these countries (Fenwick et al., 2006; Leonardo
et al., 2002; Utzinger et al., 2009). Meanwhile, great achievements have
been gained in The People’s Republic of China for schistosomiasis control
through more than six decades of uninterrupted national control activities
(Chitsulo et al., 2000; Rollinson et al., 2013). This has led to the accumu-
lation of a significant amount of experience of various endemic stages and
surroundings and at varied degrees of economic development that should
benefit schistosomiasis control in other endemic countries (Wang et al.,
2008; Xu et al., 2015). As there are substantial differences between The Peo-
ple’s Republic of China and African/Asian countries, both with respect to
health system and economic situation as well control strategies and interven-
tion approaches, the transfer of knowledge will not be straightforward. The
experience gained in The People’s Republic of China can be more easily
duplicated in Asia than in Africa due to the difference between schistosome
species and, in particular the snail intermediate hosts in the latter continent.
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This article aims to review and explore the priorities of facilitating the coop-
eration with regard to schistosomiasis control between The People’s Repub-
lic of China and African/Asian countries.

2. COOPERATION BETWEEN THE PEOPLE’S REPUBLIC
OF CHINA AND ENDEMIC COUNTRIES IN AFRICA
AND ASIA

Since the internal and external factors, which are either favourable or
unfavourable with regard to collaboration on schistosomiasis control in
geographical areas as different as The People’s Republic of China and Africa
(Xu et al., 2016), a thorough analysis should precede active collaboration.
The differences with respect to other Asian endemic areas are less pro-
nounced, but still need to be included in the analysis.

We chose a well-known, structured approach to identify and evaluate
the strengths, weaknesses, opportunities and threats (SWOT) of the planned
collaborative involvement, as it deals with internal and external factors
impinging on our objective. The SWOT approach was first used for man-
agement and business analysis in the 1960s, but is nowadays widely used to
find out the degree to which the internal environment of an activity matches
with the external environment, ie, the ‘strategic fit’ (Fig. 1).

2.1 Strengths
2.1.1 Similar transmission patterns
The schistosome species in The People’s Republic of China, Indonesia and
the Philippines are transmitted by intermediate snail hosts different from
those in Africa and in the two Southeast Asian countries Cambodia and
Laos. S. japonicum and S. mekongi produce serious morbidity more often
and more rapidly than other species due to higher output of eggs, which
are also often released in aggregates (Chen and Mott, 1988). Although the
different species have unique life cycles, people get infections through con-
tact with water contaminated by cercaria (the infective stage of the parasite),
either because of their professional (agriculture, fishing, washing) or pleasure
activities such bathing (Clerinx and Van Gompel, 2011; Day et al., 1996).
For this reason, school-aged children and fishermen are at a particularly
high risk for infection (Alebie et al., 2014; Chipeta et al., 2013; Li et al.,
2009). The distribution of schistosomiasis is strictly consistent with the snail
breeding areas.
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2.1.2 Political commitment and strong policies
Compared with other acute infectious diseases, schistosomiasis was neglected
in African and most Asian countries in the past half century. Some countries,
such as Brazil, Egypt, Morocco and The People’s Republic of China have,
however, made strong progress on its control. Recognizing the public health
importance of schistosomiasis, Resolution WHA 54.19 was endorsed by
Member States of theWHO in 2001 aiming to reach the target of 75% treat-
ment coverage of school-aged children with PZQ by 2010. As the results of
the decrease in prevalence and mortality led by deworming campaigns, some
endemic countries have made it a goal to interrupt transmission or even elim-
ination of the infection. For example, the Philippine government has stated
that it aims to eliminate schistosomiasis as a public health problem by
embarking on a vigorous, multisector approach in the endemic areas
(Leonardo et al., 2008). The Zanzibar Elimination of Schistosomiasis Trans-
mission, implemented in this part of Tanzania, shows a strong political will to
eliminate schistosomiasis, which has already resulted in a significant decrease
of the prevalence of this and other helminths (Knopp et al., 2012). The Peo-
ple’s Republic of China is drafting a new national strategic plan aiming at the
elimination of schistosomiasis as a public health threat from the whole coun-
try by the 2016e2025 period (Lei and Zhou, 2015).

Figure 1 Strengths, weaknesses, opportunities and threats analysis on ChinaeAfrica
and ChinaeAsia collaboration on schistosomiasis control.
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2.1.3 Achievements made
Supported by Schistosomiasis Control Initiative (Fenwick et al., 2009) and
the global network for the neglected tropical diseases (NTDs) (Liese et al.,
2010), many African countries conduct chemotherapy, either for the control
of schistosomiasis alone or in combined therapy schemes including also other
NTDs (Mazigo et al., 2012; Savioli et al., 2009; Stothard et al., 2009). The
number of people receiving treatment in WHO’s African region has almost
doubled, increasing from 12.37 million in 2006 to 35.56 million in 2012
(WHO, 2014). The prevalence of schistosomiasis in Cambodia, Laos,
Indonesia and the Philippines has decreased to near or below 1% with the
implementation of mass drug administration (MDA) (Garjito et al., 2008;
Laymanivong et al., 2014; Leonardo et al., 2012; Sudomo and Pretty,
2007; Urbani et al., 2002). Many countries in Africa and Asia conduct or
have already completed national surveys of human schistosomiasis preva-
lence as well as mapping of snail habitats (Brooker et al., 2009; Clements
et al., 2008; Kabatereine et al., 2006; Leonardo et al., 2012). This informa-
tion should be useful for the development of control strategies and allocation
of the limited financial resources available.

2.1.4 Improved capacity for operational research
To accelerate research for schistosomiasis control and/or elimination in various
parts of the world, international cooperation projects such as the Schistosomi-
asis Consortium for Operational Research and Evaluation (http://score.uga.
edu/), CONTRAST, a multidisciplinary alliance in Africa (Bergquist,
2013), have optimized schistosomiasis control and transmission surveillance
in SSA. The project on sustainable control of Asian schistosomiasis, a six-
country collaboration within the Regional Network on Asian Schistosomiasis
and other Helminth Zoonoses (RNASþ) supported by the Canadian Inter-
national Development Agency through International Development Research
Center (IDRC) was implemented to explore innovative control strategies
(Zhou et al., 2015). This has led to research results being transferred or inte-
grated into current control activities. For example, new diagnostic tools and
modelling techniques were explored and implemented into national schisto-
somiasis control programmes (Hisakane et al., 2008; Ishikawa and Ohmae,
2009; Kato-Hayashi et al., 2013; Kirinoki et al., 2011; Obeng et al., 2008);
A PZQ ‘dose pole’ that substitutes height for weight, validated in the
Philippines and several African countries, facilitated the field administration
of PZQ in situations when accurate weighing scales are unavailable (Erfe
et al., 2013; Nordin et al., 2014; Palha De Sousa et al., 2014). Variations in
the schistosome-intermediate host interplay have been analysed (Attwood
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et al., 2008a,b; Bayne, 2009; Berriman et al., 2009; Liu et al., 2006). And cost-
effectiveness of control programmes and strategies for schistosomiasis elimina-
tion have been analysed (Croce et al., 2010; Tallo et al., 2008).

2.1.5 Training
To support and sustain the schistosomiasis control programmes, capacity
building for governmental officials and technical staff has been strengthened
to improve their technical and management skills in endemic countries.
Training courses were conducted to teach the health staff how to detect
and manage the schistosomiasis cases, conduct snail surveys, organize drug
distribution, calculate drug requirements, and manage and analyse surveil-
lance data (Fenwick et al., 2009; Garba et al., 2006). Through training
courses and networks, government officials have been trained in communi-
cating how to design control programs, manage chemotherapy campaign
and mobilize social resources, etc. (Omedo et al., 2014; Zhou et al.,
2015). To increase public knowledge how to prevent and control schistoso-
miasis, accurate and high-quality training materials including television
sketches, radio, publicity leaflets, posters, comic strips, etc. have been
designed to educate the population at large in endemic areas (Hu et al.,
2005; Muth et al., 2010; Omedo et al., 2014).

2.1.6 Collaborative activities
Themedical aid team sent to Algeria in 1963 was one of the first international
health-related activities undertaken by the Chinese government (Liu et al.,
2014). Since then, the ChinaeAfrica and ChinaeAsia collaboration in the
health field has increased through construction of hospitals, donation of med-
icine and equipment, sending medical teams, training health staff and malaria
control. More than 23,000 Chinese medical workers have been sent to about
66 countries benefiting an estimated 270 million people. Among 49 coun-
tries supported by Chinese medical teams in 2013, 42 are in Africa and 4
in Asia (Zhu, 2013). One of the most visible cooperative research and control
projects, the RNASþ that was established in 2002 has assembled scientists
and policymakers from 10 Asian countries (Leonardo and Bergquist, 2002).
Activities include cooperative research projects, sharing experience and dis-
tribution of lessons for helminthiases control in Asian member countries.
RNASþ has also organized training courses and workshops related to disease
control encouraging the establishment of reference laboratories and explora-
tion of regional research priorities. To share experience on research and con-
trol of schistosomiasis and discuss the possibility of collaboration between
African countries and The People’s Republic of China, communication
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has been established between RNASþ and its African counterpart, the
research network on schistosomiasis in Africa. During 2013 and 2014, coop-
eration of Chinese and African institutions were further strengthened by
memoranda of understanding concerning Sino-Africa collaboration. These
memoranda refer to strengthening of the cooperation on schistosomiasis con-
trol and research and were signed between the Public Health Laboratory in
Pemba Island, which is part of Zanzibar, a semiautonomous part of Tanzania,
and Jiangsu Institute of Parasitic Diseases, The People’s Republic of China,
the Blue Nile Institute in Sudan and the National Institute of Parasitic Dis-
eases, The People’s Republic of China CDC, respectively. More recently, an
Institution-based Network on China-Africa Cooperation for Schistosomiasis
Elimination (INCAS) was established after a China-Africa cooperation
workshop on schistosomiasis held in Malawi in April 2015, and further
strengthened by formal technical agreement signed in October 2015 be-
tween the National Institution of Parasitic Diseases in Chinese Center for
Disease Control and Prevention and 5 institutions, including University of
Yaoundé I, Cameroon; Institut National De Recherche En Santé Publique,
Mali; Blue Nile National Institute for Communicable Diseases University Of
Gezira-Wad Medani, Sudan; National Institute for Medical Research,
Mwanza Centre, Tanzania; and University of Zimbabwe, Zimbabwe.

2.2 Weaknesses
2.2.1 Different symptoms and different intermediate hosts
Although all schistosome species causing human infections have similar trans-
mission patterns, differences exist concerning the intermediate hosts, clinical
manifestations and transmission seasons. S. japonicum and its amphibious,
dioecious Oncomelania hupensis snail is the sole schistosome life cycle oper-
ating in The People’s Republic of China. In contrast to the African schisto-
some species, S. japonicum is zoonotic and capable of infecting more than 40
mammalian animals (Chen and Feng, 1999). S. mekongi in Cambodia and
Laos, transmitted by the aquatic snail Neotricula aperta, is also zoonotic with
pigs, dogs and rodents serving as reservoir hosts (Attwood, 2001; Ohmae
et al., 2004). S. mansoni, S. haematobium and S. intercalatum in Africa depend
on various aquatic and hermaphrodite host snails; for S. mansoni Biomphalaria
spp. and Bulinus spp. for the latter two schistosome species (Prter et al., 1993;
Rozendaal, 1997). S. haematobium is decidedly different as it causes urinary
schistosomiasis leading to damage in the bladder, ureters and kidneys with
haematuria as the most common, early symptom. All other schistosomes
cause intestinal schistosomiasis of various severity stating with abdominal
pain and blood in the stools, sometimes diarrhoea and increased temperature,
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while advanced, long-term, untreated cases have enlarged livers and spleens
due to large numbers of parasite eggs, often accompanied by intestinal dam-
age and portal hypertension. Due to the climate, there can be transmission all
year around in some countries, mainly SSA, while in more temperate coun-
tries there is a marked seasonality (Adewunmi et al., 1991; Blas et al., 2004;
Chandiwana et al., 1987; Sturrock et al., 2001). In addition, local tempera-
ture variations, rainfall, humidity and ecological features play an important
role for presence of the intermediate hosts and thus for the transmission of
schistosomiasis.

2.2.2 Underestimated disease burdens
Regardless if the true DALY figure for schistosomiasis in the world is
3.3 million (Hotez et al., 2014) or 24e29 million (King, 2010), it has
been estimated that there may be about 200 million cases of schistosomiasis
in Africa, 192 million of which in SSA (accounting for 25% of SSA’s
population) (Steinmann et al., 2006; Utzinger et al., 2009). In Asia, recent
reports show the average prevalence of schistosomiasis has decreased with
near 1% in Laos, Cambodia, Indonesia and the Philippines (Garjito et al.,
2008; Leonardo et al., 2012; Laymanivong et al., 2014). However, we
know that currently used diagnostic tools lack the sensitivity required for
areas characterized by low-level infections (Bergquist, 2013) and the data
may underestimate the prevalence for other reasons as well, eg, unreasonable
statistic methods or low coverage of enrolment (Leonardo et al., 2012;
Rollinson et al., 2013; Tallo et al., 2008). New endemic foci and resurgence
of schistosomiasis in urban or rural areas have been reported recently
(Blanton et al., 2015; Leonardo et al., 2015; Mwakitalu et al., 2014). On
the other hand, although the mortality rate of schistosomiasis is relatively
low, severe, debilitating chronic illness is caused in millions of people. It
has been estimated that SSA accounts for 93% of global disease burden
caused by schistosomiasis (King et al., 2005). Although recent research
have adjusted the disease burden caused by schistosomiasis upwards (Hotez
et al., 2014; Murray et al., 2012), the disease burden may still be considerably
underestimated due to lack of a precise measuring basis for what has been
called ‘asymptomatic disease’ (King, 2010, 2015).

2.2.3 Low coverage of chemotherapy
Preventive chemotherapy is the major intervention and coverage is the key
issue of efficacy of control in most endemic countries. Among the 67
endemic countries in Africa and Asia, 50 need to MDA. Out of these coun-
tries, 44 are located in Africa as of 2012 (Fig. 2) (WHO, 2013). In 2012, only
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13.6%, 13.3% and 36.0% of people in need of preventive chemotherapy in
the WHO regions of Africa, Eastern Mediterranean and Western Pacific,
respectively, actually received treatment. Thus, a substantial number of pa-
tients were left at high risk (WHO, 2014). School-based MDA, the major
approach in Africa, is regarded as a highly cost-effective approach, since at
least 50% of those suffering from schistosomiasis there are school-aged
children (Guyatt et al., 1994; Stothard et al., 2013b; Toure et al., 2008).
However, as the proportion of school enrolment of children is low in
most poor areas, and the high-risk population including fishermen, irriga-
tion workers and preschool children account for a large part of all infected
cases, there is a need to supplement with another drug delivery approach
to increase coverage (Stothard et al., 2011, 2013a). Community-based
approach is a good alternative that has been widely used in Asia (Chigusa
et al., 2006; Inobaya et al., 2015). However, a recent report from the
Philippines shows that the average coverage is only 48.3% in spite of various
community-related control activities were introduced (Tallo et al., 2008).
Ethnicity, incentives, ratio of population to available drugs, mode of distri-
bution, infection status, etc. may have influenced the coverage (Dabo et al.,
2013; Leslie et al., 2011; Massa et al., 2009; Mwinzi et al., 2012).

Figure 2 Geographical distribution of schistosomiasis and control status in Asia and
Africa.

444 J. Xu et al.

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy



2.2.4 Inadequate coverage of safe water and sanitation
Chemotherapy cures infection, prevents morbidity and lowers prevalence
but is unable to prevent reinfection. However, access to safe water and
improved sanitation have interrupted transmission in many parts of previ-
ously endemic areas in The People’s Republic of China through reducing
the frequency of water contact with potentially contaminated water outside
the home. This has reduced the contamination of schistosome eggs in the
environment, which also improves control of other helminthiases trans-
mitted by the faecal, urinary or oral route (Asaolu and Ofoezie, 2003; Huang
and Manderson, 2005; Utzinger et al., 2003). The WHA 65.21 resolution
underlines the importance of safe tap water, improved sanitation and public
health education as means to control schistosomiasis. However, these ap-
proaches depend to a great extent on economic development (WHO,
2012b). By 2012, 89% of global population had gained access to improved
drinking water, but more than 700 million people still lack access to drink-
ing water of acceptable quality, 43% of them in SSA. Indeed, Southern Asia
and SSA still have the lowest coverage of improved sanitation, the coverage
in the latter being only 30% (WHO/UNICEF, 2014). Lack of investment,
inadequate political will, inequity of access and difficulty in maintaining wa-
ter supply are the main reasons. To improve these figures, sanitation services
need to be upgraded in a large number of countries.

2.2.5 Lack of sectoral collaboration and stakeholders inclusion
Since schistosomiasis transmission involves natural, social and biological fac-
tors, sectoral cooperation is essential for progress in schistosomiasis control
(King, 2009; Zhou et al., 2005). Although chemotherapy plays a crucial
role by reducing prevalence and morbidity of schistosomiasis, while health
education, supply of clean water and improved sanitation could interrupt
the chain of infection (Rollinson et al., 2013). Poor knowledge with respect
to behavioural change, treatment-seeking habits and sanitation have been
observed (Musuva et al., 2014; Odhiambo et al., 2014; Worku et al.,
2014). In addition, the construction of water conservancy projects without
considering their impact on schistosomiasis has contributed to the spread of
schistosomiasis in many parts of the world (Steinmann et al., 2006). Intersec-
tor cooperation and collaboration are essential to implement each interven-
tion in an equitable and harmonized way, but most African and Asian
countries lack mechanisms to deal with this situation, in particular if financial
support is lacking coupled with insufficient enforcement of policies and
absence of political will.
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2.3 Opportunities
2.3.1 Interest in global health issues by the Chinese government
After its entry into World Trade Organization in 2001, The People’s Re-
public of China has joined a large majority of other UN specialized agencies
and multilateral health foundations. The number of Chinese experts partici-
pating in WHO’s global normative work has increased significantly in the
latest decade. Chinese funding for health-related aid has been augmented
with an average of $4.8 billion per year during the period 2010e2012,
51.8% of which was received by African countries and 30.5% by Asian coun-
tries (Liu et al., 2014). Since 2000, The People’s Republic of China has
hosted a series of triennial meetings (forums) on ChinaeAfrica Cooperation
(FOCACs), with each forum announcing and focussing on different topics
related to health aid, eg, hospital construction, malaria control, high-educa-
tion scholarships, health worker training, artemisinin drug donation and the
Brightness Action campaign (FOCAC, 2012; King, 2006). Since 2005, in
the field of parasitic diseases, The People’s Republic of China had set up
30 antimalaria centres in African countries including a joint border malaria
control project with Myanmar, Laos and Vietnam (Liu et al., 2014; Xu
and Liu, 2012). At the fifth ChinaeAfrica Cooperation Forum in July
2012, The People’s Republic of China made a promise to increase its invest-
ment continuously, extend cooperation to fields such as health care and dis-
ease control as well as carry out joint pilot schistosomiasis control and
prevention projects through international cooperation with African coun-
tries (FOCAC, 2012).

2.3.2 New and sensitive tools
Regular monitoring and evaluation are necessary to ensure that programmes
are efficiently implemented and receive maximal benefit. Surveillance is
important when the goal move from morbidity control to elimination.
This is particularly challenging given the diversity of tools and indicators.
With the deep understanding of the schistosome genome and its host
compatibility (Berriman et al., 2009; Hu et al., 2003; Zhou et al., 2009), sen-
sitive and quality-assured diagnostic tools based on the monoclonal antibody
technique and molecular methods, new drug candidates have been identi-
fied, some of them already widely used in control programmes (Cnops
et al., 2013; Colley et al., 2013; Pontes et al., 2002; Tong et al., 2015).
Some vaccine candidates have also been explored and shown high efficacy
against schistosomiasis (Curti et al., 2013; Da’dara et al., 2008, Riveau
et al., 2012). With the development of geographic information systems
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(GIS), global positioning systems and remote sensing (RS) systems, mathe-
matical and statistical modelling based on spatial, temporal, spatialetemporal
analysis have been developed and used for predicating schistosomiasis risk
(Chipeta et al., 2013; French et al., 2010; Hurlimann et al., 2011; Simoonga
et al., 2009; Wu et al., 2008).

2.3.3 Increased international interest elimination of schistosomiasis
Although schistosomiasis remains a public health problem, morbidity and
prevalence of schistosomiasis have decreased in many countries due to
long-term interventions and some countries moving towards schistosomiasis
elimination, which should be possible in countries where the prevalence is
low and adequate resources coupled with strong political commitment are
available (Hotez et al., 2012; Melo et al., 2014; Rollinson et al., 2013; Xu
et al., 2015). With the significant reduced price of PZQ, increased advocacy
and resources for NTD control, the Bill & Melinda Gates Foundation, the
US and UK governments and Merck Serono donated a large amount of
PZQ tablets to African countries in the recent decade (Fenwick and Savioli,
2011). Large-scale preventive chemotherapy was implemented across several
countries and millions of children were given single standard PZQ doses.
The agreement on the WHO’s roadmap (2012) raised optimism that
many NTDs can indeed be eliminated (WHO, 2012a) and led to the signing
the London Declaration (http://unitingtocombatntds.org/resource/london-
declaration), which represents an unprecedented commitment to control or
eliminate 10 diseases by the end of this decade by global health leaders,
including the chief executive officers of major pharmaceutical companies,
Bill Gates of the Bill & Melinda Gates Foundation, WHO and senior gov-
ernment officials from both endemic and donor countries (NTDs, 2012;
Webster et al., 2014).

2.3.4 Rapid social and economic development
One of the Millennium Declaration Goals (http://www.un.org/
millenniumgoals/) is to eliminate absolute poverty, hunger and diseases by
2015 (General Assembly, 2000). These goals need to be supported by eco-
nomic growth. Indeed, the economic situation of African and Asian coun-
tries has increased substantially in the past decade. African exports rose in real
terms at an annual rate of 5.2%, higher than that of global average rate of
4.8% in 2011 (UNCTAD, 2013), and in Asia, the growth rate in many
countries remains above 6% (Asian Development Bank, 2014). Correspond-
ingly, the living conditions in Africa and Asia have improved during the past
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decade. The coverage of safe water increased to 64% in 2012 in SSA and
over 89% in Asia. The total sanitation coverage increased in SSA at a slower
pace, from 25% in 1990 to 30% in 2012, but covered 71% and 89% of pop-
ulation in Southeast Asia and Western Asia, respectively (WHO/UNICEF,
2014). Meanwhile, health systems were strengthened or reformed in several
countries including promulgation of laws related to health, establishment of
primary health-care infrastructures and health information systems for health
services monitoring, improving medical services and capacity of disease
diagnosis, resulting in easier access to health services (Benatar, 2004; Frenk
and Horton, 2006; Green, 2013; Lieberman et al., 2005; Liljestrand and
Sambath, 2012; Sekwat, 2003).

2.4 Threats
2.4.1 Fragile security situation
The political situation is a key determinant of consecutive social and
economic development. Although the Middle East remains in unrest and
conflict, warfare in SSA and most of Asian countries is declining both in
frequency and intensity since the late 2000s (Straus, 2012). While schistoso-
miasis control is continuously conducted in regions with recovering econo-
mies and strong political commitment, the chaos caused by war and political
change present in other countries has a great impact on the sustainability of
these activities (Kahler, 2013; Straus, 2012). The local health system in
countries sinking into turmoil is difficult uphold as warfare and conflict
influence external funding and other investments. Careful considerations
of local sociocultural, economic and political situations are needed to deter-
mine the application and/or acceptance of control measures.

2.4.2 Imperfect health systems
WHO and many other international agencies have encouraged countries to
take concrete steps to move towards universal health coverage, which is an
ideal target. However, various factors apart from warfare, such as ethics,
politics and economy, influence society including the health system
(Rodrigo and Smith, 2012; Savedoff et al., 2012). Although the funds
donated by western developed countries has increased nearly three times
from $1.5 billion in 1990 to 4.24 billion in 2011, the health system in Africa
is still fragile and the health conditions have not improved significantly.
African key problems include lack of primary health staff, health insurance
and a functioning health information system (OECD, 2013). Indeed,
many endemic countries do not have the public health infrastructure or
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necessary resources to implement proper schistosomiasis control. Loss of
skilled health workers migrating from Africa exacerbates the problems of
an effectively functioning health-care system (Connell et al., 2007). In
Asia, most staff working on schistosomiasis control are on part-time basis,
which is not sufficient to fulfil the national control requirements. With
nearly 2.5 times the number of schistosomiasis cases in The People’s Repub-
lic of China, the Philippines has only 200 part-time staff to do what is
needed, which amounts to only 1% of the number of full-time staff in
The People’s Republic of China (Ross et al., 2013).

2.4.3 Lack of political commitment
Schistosomiasis as well as other NTDs is commonly endemic in rural and
poor regions in low-income countries (Hotez and Kamath, 2009). In
most African and Asian countries, the schistosomiasis control programmes
mainly depend on external funds. The experience from Mali and the
Philippines shows that the diminishing or termination of funding often result
in staff reductions in control agencies as well as rebound of the disease
(Clements et al., 2009; Inobaya et al., 2015). Even if chemotherapy does
not prevent reinfection, sustainable and integrated interventions could be
cost-effective, resulting in morbidity control or even elimination of schisto-
somiasis (Rollinson et al., 2013; Ross et al., 2013). For this to function,
however, strong policy commitment and continuous donor funding is
necessary. The global economic recession that started with the setback of
2008 may increase the instability of financial support. Furthermore, limited
engagement and involvement of senior policymakers in endemic countries
may result in less political commitment for schistosomiasis control leading to
less available internal funds and lack of collaboration with other stakeholders.

2.4.4 Inequity of access
Due to current insufficient availability of PZQ, full coverage of effective drug
delivery cannot be achieved. School-aged children are normally targeted for
chemotherapy as prevalence and intensity of disease in this age group are nor-
mally higher than in adults. Children less than 5 years of age are often
neglected by national control programmes as formal legislation and suitable
paediatric PZQ dosages so not exist (Stothard et al., 2011). ‘New’ foci where
schistosomiasis may have been endemic for a long time can become known
as enlarged surveys and/or use of more sensitive diagnostic tools are imple-
mented. Whether a village or a region is included in schistosomiasis control
can be a matter of political and religious intracommunity priorities, which
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obviously leads to inequity. People living in rural areas are more often
ignored with respect to treatment than urban dwellers (Aagaard-Hansen
et al., 2009). Inequity can also be due to geographically uneven economic
development, availability of donated funds, ethnicity or religion, rich or
poor background. Inequalities also exist within countries or regions with re-
gard to access to drinking water and sanitation services.

3. PRIORITIES IN CHINA e AFRICA/ASIA
COLLABORATION

The Chinese national schistosomiasis control programme has been
sustained without interruption for six decades. It has not only terminated
the development of morbidity due to schistosomiasis, but has also produced
a significant reduction of prevalence and is now geared at elimination of this
infection (Li et al., 2013). Various approaches, products, techniques applied
by experienced professionals ensured the success of the strategies that shifted
according to the social situation and scientific development, with interven-
tions adjusted and recombined accordingly. To translate the successful expe-
rience with schistosomiasis control/elimination to Africa and other parts of
Asia, The People’s Republic of China would promote an approach consist-
ing of a set of priority fields as follows:
1. Transmission mapping;
2. Population dynamics;
3. Modelling based on available data sets;
4. Sensitive and specific diagnostics;
5. Response packages tailored to different transmission settings and levels;

and
6. Validation.

3.1 Coordination
Lack of coordination among different sectors hinders the development of
schistosomiasis control in Africa and other parts of Asia. Achievements gained
in The People’s Republic of China on coordinated schistosomiasis control are
based on the close collaboration among different departments, including Na-
tional Health and Family Planning Commission, State Forestry Administra-
tion, Ministry of Agriculture, Ministry of Water Resources, Ministry of
Finance, Ministry of Land Resources, and the National Development and
Reform Commission (Xu et al., 2015; Zhou et al., 2005). The State Council
on schistosomiasis control is responsible for the coordination between
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different departments. The The People’s Republic of China CDC, health bu-
reaus and hospitals at all levels collaborate to manage and implement disease
control activities. Regional collaboration has been strengthened via platforms
such as RNASþ and research programmes supported by the Canada’s Inter-
national Development Research Center (Zhou et al., 2015). The People’s
Republic of China could disseminate its experience on collaboration mech-
anisms and strengthen capacity building of management systems through
training courses. International advocacy workshops and stakeholder meetings
at the national or regional level are needed.

3.2 Risk mapping
Disease mapping has been given a high priority in The People’s Republic of
China as it can supply the needed, basic information for drafting control pro-
grammes and start-up activities (Guo et al., 2005; Yang et al., 2005). The
addition of GIS and satellite-generated, remotely sensed environmental
data and geostatistics to the arsenal in the last two decades has facilitated
the understanding of the location of endemic and potentially endemic areas
in a global warming scenario (Zhou et al., 2008). These new geospatial tools
have been of critical importance for our understanding and prediction of the
true distribution of schistosomiasis (Wu et al., 2008; Yang et al., 2006, 2013;
Zhang et al., 2008). Such systematic, progressing input combined with data
from surveys available in the Atlas of Schistosomiasis Transmission in The Peo-
ple’s Republic of China that was recently updated (NIPD, 2013) present infor-
mation on schistosomiasis in the form of thematic maps, diagrams and charts
that are easy to understand. Annual risk mapping at the national, regional
and county levels are regularly conducted to guide policy decisions. The
People’s Republic of China has now a cadre of skilled technicians with accu-
mulated experience on disease mapping, communication, who can provide
advanced training courses on disease mapping and be counted on to finalize
the mapping in those countries which do not currently possess these tools.

3.3 Chemotherapy coverage
PZQ is the drug of choice for the treatment of all forms of schistosomiasis
(D€omling and Khoury, 2010). It is an inexpensive, highly effective drug
with low toxicity against all schistosome species and many other parasitic
helminths. However, the quantity of existing donated PZQ is far short of
the demand (Stothard et al., 2011). In addition, many cases could not receive
treatment due to the absence of efficient drug delivery systems. Nanjing
Pharmaceutical Factory (producing 50 tons of raw material annually
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corresponding to 100 million PZQ tablets at the strength of 200 mg/tablet)
has improved the product by a film-coated form to increase the compliance
rate of medication (Xu et al., 2009). This production can rapidly be
upgraded to cover the needed amounts of drug. Community-based
approach is the main delivery system in The People’s Republic of China
with the collaboration of the local hospital or rural doctors with the CDC
or schistosomiasis stations. This way of distribution works well together
with a reporting system, which is in operation nationwide to reflect the
timing of chemotherapy guarantees the high coverage and efficacy (Zhou
et al., 2012). The amounts of PZQ tablets needed, even at the international
scale, can thus be supplied and thus increase the current coverage of chemo-
therapy in Africa and elsewhere. The Chinese government and nongovern-
mental organizations (NGOs) could use this new source of available PZQ to
fill the gaps through drug donations. The People’s Republic of China could
also disseminate its experience through training programmes at the district
level designed for persons administering pharmaceuticals and health-care
personnel for improving the skills of drug delivery and supervision of local
staff. Reporting systems for drug delivery could also be supported by Chi-
nese experience.

3.4 Snail control
Control or eliminate snails will benefit to control or eliminate schistosomi-
asis. Different from the scarce snail control activities in Africa and other part
of Asia, varieties of environmental modification were developed and imple-
mented in The People’s Republic of China, integrated with projects of
other sectors such as land resources, agriculture, water conservancy, forestry
through activities of reclaiming wetlands, environmental management (dig-
ging new ditches and filling up the old ones that would kill the amphibious
snails), changing rice paddies into dry crops, etc. (Chen, 1999; Yuan et al.,
2005). In addition, there are many various forms of molluscicides, the most
common and effective being 50% niclosamide ethanolamine formulated as
powder, granules, suspension concentrate, retarder, etc. were developed
adopting to the local situation of the snail-infested areas (Xin and Dai,
2010; Yang et al., 2012a). Since the efficiency does not reach 100%,
repeated application could be considered to increase the effect (Yang
et al., 2012a, 2010). Before the advent of PZQ, mollusciciding was a corner-
stones of schistosomiasis control in Africa, and some of its former role may
have to be resurrected there as PZQ alone cannot stop transmission. The
People’s Republic of China has a strong industrial capacity in molluscicide
production, and the main Chinese companies manufacturing niclosamide
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could produce 1000 tons per year. To effectively control snails in African
and Asian countries, training courses and exchange of senior scientists could
be conducted to share the experience and technology. If the molluscicides
made in The People’s Republic of China pass WHO prequalification certi-
fication, The People’s Republic of China would be willing to supply qual-
ity-assured molluscicides to other endemic countries.

3.5 Diagnostic tools
Accurate diagnosis is essential to obtain data regarding the distribution, prev-
alence and infection intensity of schistosomiasis in endemic area, and diag-
nostic approaches should differ at different stages of schistosomiasis control
(Bergquist et al., 2009; Zhou et al., 2011). Based on laboratory and field
assessment, quality-assured immunodiagnostics approved by the State
Food and Drug administration have been integrated into the national
control programme, while basic principles using appropriate diagnostics to
monitor disease trends and assess the effectiveness and impact of interven-
tions have been established for guiding treatment strategies at different
thresholds of schistosomiasis transmission and for certifying elimination
(Xu et al., 2011; Zhou et al., 2011). Other sensitive and specific techniques
based on the monoclonal antibody technique to detect circulating antigen,
as well as molecular methods, eg, the polymerase chain reaction and the
loop-mediated isothermal amplification (LAMP) were also developed,
supplying tools populations studies, surveillance of snails and diagnosis of in-
dividual cases (Guo et al., 2012; Hung and Remais, 2008; Tong et al., 2015;
van Dam et al., 2015). A network for schistosomiasis diagnosis was
constructed with the establishment of provincial reference laboratories and
sentinel monitoring laboratories at the county level (Qin et al., 2013). These
laboratories are responsible for diagnosis, verification and providing scientific
evidences for schistosomiasis surveillance and response in the elimination
stage (Zhu et al., 2013). As some kits produced in The People’s Republic
of China have shown high sensitivity and specificity for diagnosis of other
schistosomiasis (Zhu et al., 2005, 2006), these kits could be supplied at a
competitive cost or freely delivered to African and Asia countries. Experi-
ence on developing diagnostic assays, decision-making of using appropriate
diagnostic tools as well as management of diagnostic quality control could be
transferred through training programmes or academic activities.

3.6 Surveillance and response
To achieve control and/or elimination of communicable diseases, surveil-
lance and response to detect pockets of transmission and reemergence of
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disease are needed as the final, long-term activity in the control chain.
Resource-constrained countries, which generally carry heavy NTD
burdens, schistosomiasis not the least, face a challenge in strengthening their
health system. Effective tools tailored to local settings are needed for surveil-
lance and response that should take place by collating the components
according to the priorities mentioned previously under ‘Priorities’. Thus
an effective and rapid response, including an early warning mechanism, is
the prerequisite for the efficient management of infectious diseases (Zhou
et al., 2013). The People’s Republic of China relies on a variety of moni-
toring systems with different aims in longitudinal or cross-sectional format.
The contents of surveillance have been developed from simple mapping of
endemicity to factors, such as environmental monitoring, water conser-
vancy, dam construction, irrigation projects, climate change, etc. (Dang
et al., 2014; Zhao et al., 2005; Zhu et al., 2011). As the prevalence of schis-
tosomiasis decrease significantly, transmission interruption becomes the next
hurdle to overcome. Regular surveillance is now conducted in The People’s
Republic of China, and early warning systems (EWS) have been set up based
on research and experience (Sun et al., 2011; Wu et al., 2005; Xu et al.,
2014). This and the involvement of acute schistosomiasis monitoring in a
real-time reporting system have provided a solid foundation for decision-
making. Built in 2010, the schistosomiasis information management system
provides valuable source data at the village level to support management. At
the same time, new technologies such as RS systems, GIS and predictive
modelling including sentinel mice (Yang et al., 2012) are applied for schis-
tosomiasis monitoring and surveillance (Yang et al., 2006, 2012b; Zhang
et al., 2005). To improve the capacity of African and Asian countries of
monitoring and surveillance of schistosomiasis, basic and higher-level
training could be provided through Chinese scientist visitors or by com-
puter-based remote education. With the help from Chinese scientists, an
EWS could be set up for tracking information about the density and infec-
tion status of intermediate snail host species.

4. CURRENT STATUS

The Ebola outbreak as well as the threat of and other infectious dis-
eases have exposed the fragility of the public health system in some areas
of the world. Chinese engagement in global health has been increased
and more experts are involving in global health governance. As one of
the main components of The People’s Republic of China’s health activities,
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medical teams composed of clinical doctors or nurses have been sent to Af-
rica and Asia, while lower-level public health staff are usually not included.
Hospitals and clinics targeting individual patients will benefit from this ser-
vice (Liu et al., 2014). The public health system needs reform, training of
health providers and general strengthening. According to the Beijing Decla-
ration produced during the Ministerial Forum of ChinaeAfrica Health
Development in 2013 (NHFPC, 2013), The People’s Republic of China
aims to extend its cooperation to health care and disease control. Schistoso-
miasis, malaria, and HIV were given priority for pilot studies in Africa and
Asia through multilateral cooperation.

To promote the control and elimination of schistosomiasis, WHO and
some European countries have expressed willingness to facilitate bridging
perceived gaps in the endemic countries and it has been pronounced that
The People’s Republic of China could play a crucial role for the scientific
exchange of experience and lessons on schistosomiasis control. Supported
by the Department for International Development (DFID) in United
Kingdom, two ChinaeUK Global Health Support programmes have
been initiated in the last 2 years. The first programme aims to distil Chinese
experience and lessons on schistosomiasis and malaria, exploring the possibil-
ity to conduct control based on Chinese experiences in low- and middle-in-
come endemic countries. The other programme aims to establish a centre of
excellence in The People’s Republic of China to provide health aid empha-
sized on NTDs through capacity building and information dissemination. A
memorandum of understanding to conduct joint activities among WHO,
The People’s Republic of China and Tanzania governments for schistoso-
miasis control in Tanzania was signed in May, 2014. To explore the priority
for schistosomiasis control and research as well as establishing cooperation
mechanism between The People’s Republic of China and Africa, a
ChinaeAfrica institutional cooperation of schistosomiasis elimination
meeting was held in Malawi, supported by WHO in April 2015. Based
on the experience of RNASþ, regarded as an excellent model for schisto-
somiasis cooperation between The People’s Republic of China and other
Asian countries, the institution-based network on ChinaeAfrica coopera-
tion of schistosomiasis (INCAS) is coordinated by the National Institute
of Parasitic Diseases (NIPD) and WHO.

Global health is an important component of The People’s Republic of
China’s foreign policy, and the selection of counterparts for schistosomiasis
control will be based on requests from other countries for schistosomiasis
control and decisions by The People’s Republic of China’s Health and
Family Planning Commission, Ministry of Foreign Affairs, and Ministry of
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Finance. To ensure a successful collaboration, countries would be selected
according to the following principles:
1. Existing trade, economic, cultural and medical cooperation with the

Chinese government via economic and technical agreements;
2. Rural public health is a high-priority item on the counterpart country’s

government agenda;
3. Impact of the opportunities in collaboration with Chinese institutions is

identified;
4. The counterpart country’s government has identified schistosomiasis

control/elimination as a target with ongoing activities; and
5. Preventive chemotherapy is implemented nationwide.

Recently, pilot study for malaria control has been conducted in
Tanzania in 2015 supported by DFID, which will accumulate experience
for ChinaeAfrica, ChinaeAsia collaboration in public health field in
future. In addition, strengthening the capacity of Chinese scientists
involved in international health collaboration on schistosomiasis control
and coordination with WHO regional offices and other experienced orga-
nizations in developed countries would facilitate the coordination and
implementation of cooperation activities.

5. CONCLUSIONS

Programmes tacking schistosomiasis are increased worldwide but great
challenges exist to meet the set goals of WHO roadmap. As schistosomiasis
mainly affects and infects the poorest and marginalized people in subtropical
and tropical regions, collaborating with other health and development activ-
ities to reduce poverty and break the life cycle of schistosomes will
contribute schistosomiasis control and elimination. To help control and
eliminate schistosomiasis, The People’s Republic of China will need to
establish partnerships with Ministries of Health in African and other Asian
countries, WHO regional offices, and existing NGOs at the international
or national level, and collaborate closely to expand support for schistosomi-
asis programmes. Financial and technical support for training, designing na-
tional programme strategies and plans, intervention implementation,
operational research, disease surveillance-response and production of health
education materials should be provided. Coordination of INCAS, RNASþ
activities by NIPD andWHOwould be helpful for strengthening the coop-
eration among institutions for basic and operational research and accelerate
the process of schistosomiasis control in Africa and Asia. Governments,
national or internationals foundations, as well as nonprofit organization
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are expected to take part in funding and supervising such kind of coopera-
tion to maintain the sustainability of the cross-border monitoring of schisto-
somiasis risk.

ACKNOWLEDGEMENTS
This manuscript was granted by the (Grant no. GHSP-CS-OP1-01) National Special
Science and Technology Project for Major Infectious Diseases of The People’s Republic
of China (Grant no. 2012ZX10004-220). We acknowledge partial financial support by
the National Natural Science Foundation of The People’s Republic of China (Grant no.
81301454).

REFERENCES
Aagaard-Hansen, J., Mwanga, J.R., Bruun, B., 2009. Social science perspectives on

schistosomiasis control in Africa: past trends and future directions. Parasitology 136,
1747e1758.

Adewunmi, C.O., Furu, P., Christensen, N.O., Olorunmola, F., 1991. Endemicity, season-
ality and focality of transmission of human schistosomiasis in 3 communities in south-
western Nigeria. Trop. Med. Parasitol. 42, 332e334.

Alebie, G., Erko, B., Aemero, M., Petros, B., 2014. Epidemiological study on Schistosoma
mansoni infection in Sanja area, Amhara region, Ethiopia. Parasit. Vectors 7, 15.

Asaolu, S.O., Ofoezie, I.E., 2003. The role of health education and sanitation in the control
of helminth infections. Acta Trop. 86, 283e294.

Attwood, S.W., 2001. Schistosomiasis in the Mekong region: epidemiology and
phylogeography. Adv. Parasitol. 50, 87e152.

Attwood, S.W., Fatih, F.A., Campbell, I., Upatham, E.S., 2008a. The distribution of
Mekong schistosomiasis, past and future: preliminary indications from an analysis of
genetic variation in the intermediate host. Parasitol. Int. 57, 256e270.

Attwood, S.W., Fatih, F.A., Upatham, E.S., 2008b. DNA-sequence variation among Schis-
tosoma mekongi populations and related taxa; phylogeography and the current distribution
of Asian schistosomiasis. PLoS Negl. Trop. Dis. 2, e200.

Asian Development Bank, 2014. Growth Hesitates in Developing Asia [Online]. Available:
http://www.adb.org/sites/default/files/publication/151010/ado-supplement-
december-2014.pdf.

Barkia, H., Barkia, A., Nhammi, H., Belghyti, D., 2011. Schistosomiasis in Morocco: from
discovery to after elimination. East Mediterr. Health J. 17, 250e256.

Bayne, C.J., 2009. Successful parasitism of vector snail Biomphalaria glabrata by the human
blood fluke (trematode) Schistosoma mansoni: a 2009 assessment. Mol. Biochem. Parasitol.
165, 8e18.

Benatar, S.R., 2004. Health care reform and the crisis of HIV and AIDS in South Africa. N.
Engl. J. Med. 351, 81e92.

Bergquist, R., 2013. Closing in on ‘perhaps the most dreadful of the remaining plagues’: an
independent view of the multidisciplinary alliance to optimize schistosomiasis control in
Africa. Acta Trop. 128, 179e181.

Bergquist, R., Johansen, M.V., Utzinger, J., 2009. Diagnostic dilemmas in helminthology:
what tools to use and when? Trends Parasitol. 25, 151e156.

Berriman, M., Haas, B.J., Loverde, P.T., Wilson, R.A., Dillon, G.P., Cerqueira, G.C., et al.,
2009. The genome of the blood fluke Schistosoma mansoni. Nature 460, 352e358.

Blanton, R.E., Barbosa, L.M., Reis, E.A., Carmo, T.M., Dos Santos, C.R., Costa, J.M.,
et al., 2015. The relative contribution of immigration or local increase for persistence
of urban schistosomiasis in Salvador, Bahia, Brazil. PLoS Negl. Trop. Dis. 9,
e0003521.

Schistosomiasis Control 457

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://refhub.elsevier.com/S0065-308X(16)30005-7/sref1
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref1
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref1
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref1
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref2
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref2
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref2
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref2
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref3
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref3
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref4
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref4
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref4
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref5
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref5
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref5
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref6
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref6
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref6
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref6
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref7
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref7
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref7
http://www.adb.org/sites/default/files/publication/151010/ado-supplement-december-2014.pdf
http://www.adb.org/sites/default/files/publication/151010/ado-supplement-december-2014.pdf
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref9
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref9
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref9
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref10
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref10
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref10
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref10
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref11
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref11
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref11
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref12
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref12
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref12
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref12
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref13
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref13
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref13
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref14
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref14
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref14
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref15
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref15
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref15
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref15


Blas, B.L., Rosales, M.I., Lipayon, I.L., Yasuraoka, K., Matsuda, H., Hayashi, M., 2004. The
schistosomiasis problem in the Philippines: a review. Parasitol. Int. 53, 127e134.

Brooker, S., Kabatereine, N.B., Gyapong, J.O., Stothard, J.R., Utzinger, J., 2009. Rapid
mapping of schistosomiasis and other neglected tropical diseases in the context of inte-
grated control programmes in Africa. Parasitology 136, 1707e1718.

Chandiwana, S.K., Christensen, N.O., Frandsen, F., 1987. Seasonal patterns in the transmis-
sion of Schistosoma haematobium, S. mattheei and S. mansoni in the highveld region of
Zimbabwe. Acta Trop. 44, 433e444.

Chen, M.G., 1999. Progress in schistosomiasis control in China. Chin. Med. J. Engl. 112,
930e933.

Chen, M.G., Feng, Z., 1999. Schistosomiasis control in China. Parasitol. Int. 48, 11e19.
Chen, M.G., Mott, K.E., 1988. Progress in assessment of morbidity due to Schistosoma

japonicum infection. Trop. Dis. Bull. 85, R1eR45.
Chen, X.Y., Wang, L.Y., Jiming, C., Zhou, X.N., Zheng, J., Guo, J.G., et al., 2005.

Schistosomiasis control in China: the impact of a 10-year World Bank Loan Project
(1992e2001). Bull. World Health Organ 83, 43e48.

Chigusa, Y., Ohmae, H., Otake, H., Keang, H., Sinuon, M., Saem, C., et al., 2006. Effects of
repeated praziquantel treatment on schistosomiasis mekongi morbidity as detected by
ultrasonography. Parasitol. Int. 55, 261e265.

Chipeta, M.G., Ngwira, B., Kazembe, L.N., 2013. Analysis of schistosomiasis haematobium
infection prevalence and intensity in Chikhwawa, Malawi: an application of a two part
model. PLoS Negl. Trop. Dis. 7, e2131.

Chitsulo, L., Engels, D., Montresor, A., Savioli, L., 2000. The global status of schistosomiasis
and its control. Acta Trop. 77, 41e51.

Clements, A.C., Bosqué-Oliva, E., Sacko, M., Landouré, A., Dembélé, R., Traoré, M.,
et al., 2009. A comparative study of the spatial distribution of schistosomiasis in Mali
in 1984e1989 and 2004e2006. PLoS Negl. Trop. Dis. 3, e431.

Clements, A.C., Garba, A., Sacko, M., Toure, S., Dembele, R., Landoure, A., et al., 2008.
Mapping the probability of schistosomiasis and associated uncertainty, West Africa.
Emerg. Infect. Dis. 14, 1629e1632.

Clerinx, J., Van Gompel, A., 2011. Schistosomiasis in travellers and migrants. Travel Med.
Infect. Dis. 9, 6e24.

Cnops, L., Soentjens, P., Clerinx, J., Van Esbroeck, M., 2013. A Schistosoma haematobium-
specific real-time PCR for diagnosis of urogenital schistosomiasis in serum samples of
international travelers and migrants. PLoS Negl. Trop. Dis. 7, e2413.

Colley, D.G., Binder, S., Campbell, C., King, C.H., Tchuem Tchuente, L.A.,
N’goran, E.K., et al., 2013. A five-country evaluation of a point-of-care circulating
cathodic antigen urine assay for the prevalence of Schistosoma mansoni. Am. J. Trop.
Med. Hyg. 88, 426e432.

Connell, J., Zurn, P., Stilwell, B., Awases, M., Braichet, J.M., 2007. Sub-Saharan Africa:
beyond the health worker migration crisis? Soc. Sci. Med. 64, 1876e1891.

Croce, D., Porazzi, E., Foglia, E., Restelli, U., Sinuon, M., Socheat, D., et al., 2010. Cost-
effectiveness of a successful schistosomiasis control programme in Cambodia (1995e
2006). Acta Trop. 113, 279e284.

Curti, E., Kwityn, C., Zhan, B., Gillespie, P., Brelsford, J., Deumic, V., et al., 2013. Expres-
sion at a 20L scale and purification of the extracellular domain of the Schistosoma mansoni
TSP-2 recombinant protein: a vaccine candidate for human intestinal schistosomiasis.
Hum. Vaccin. Immunother. 9, 2342e2350.

D€omling, A., Khoury, K., 2010. Praziquantel and schistosomiasis. Chem. Med. Chem. 5,
1420e1434.

Da’dara, A.A., Li, Y.S., Xiong, T., Zhou, J., Williams, G.M., Mcmanus, D.P., et al., 2008.
DNA-based vaccines protect against zoonotic schistosomiasis in water buffalo. Vaccine
26, 3617e3625.

458 J. Xu et al.

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://refhub.elsevier.com/S0065-308X(16)30005-7/sref16
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref16
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref16
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref17
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref17
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref17
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref17
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref18
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref18
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref18
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref18
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref19
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref19
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref19
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref20
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref20
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref21
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref21
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref21
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref22
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref22
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref22
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref22
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref22
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref23
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref23
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref23
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref23
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref24
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref24
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref24
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref25
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref25
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref25
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref26
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref26
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref26
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref26
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref26
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref27
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref27
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref27
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref27
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref28
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref28
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref28
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref29
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref29
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref29
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref30
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref30
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref30
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref30
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref30
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref31
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref31
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref31
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref32
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref32
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref32
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref32
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref33
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref33
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref33
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref33
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref33
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref34
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref34
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref34
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref34
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref35
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref35
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref35
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref35


Dabo, A., Bary, B., Kouriba, B., Sankare, O., Doumbo, O., 2013. Factors associated with
coverage of praziquantel for schistosomiasis control in the community-direct interven-
tion (CDI) approach in Mali (West Africa). Infect. Dis. Poverty 2, 11.

Dang, H., Xu, J., Li, S.Z., Cao, Z.G., Huang, Y.X., Wu, C.G., et al., 2014. Monitoring the
transmission of Schistosoma japonicum in potential risk regions of China, 2008e2012. Int.
J. Environ. Res. Public Health 11, 2278e2287.

Davis, A., Wegner, D.H., 1979. Multicentre trials of praziquantel in human schistosomiasis:
design and techniques. Bull. World Health Organ 57, 767e771.

Day, J.H., Grant, A.D., Doherty, J.F., Chiodini, P.L., Wright, S.G., 1996. Schistosomiasis in
travellers returning from sub-Saharan Africa. BMJ 313, 268e269.

Ebisawa, I., 1998. Epidemiology and eradication of schistosomiasis japonica in Japan.
J. Travel Med. 5, 33e35.

Erfe, J.M., Belizario, V.Y., Chua, P.L., Naig, J.R., 2013. Validating the WHO dose pole in
the Philippines for school-based mass drug administration of praziquantel for morbidity
control of schistosomiasis. Trans. R. Soc. Trop. Med. Hyg. 107, 620e626.

Fenwick, A., Rollinson, D., Southgate, V., 2006. Implementation of human schistosomiasis
control: challenges and prospects. Adv. Parasitol. 61, 567e622.

Fenwick, A., Savioli, L., 2011. Schistosomiasis elimination. Lancet Infect. Dis. 11, 346 author
reply 346e347.

Fenwick, A., Webster, J.P., Bosque-Oliva, E., Blair, L., Fleming, F.M., Zhang, Y., et al.,
2009. The Schistosomiasis Control Initiative (SCI): rationale, development and imple-
mentation from 2002e2008. Parasitology 136, 1719e1730.

Focac, 2012. The Fifth Ministerial Conference of the Forum on China-Africa Cooperation
Beijing Action Plan, July 23th, 2012 [Online]. Available: http://www.focac.org/eng/
zxxx/t954620.htm.

French, M.D., Churcher, T.S., Gambhir, M., Fenwick, A., Webster, J.P., Kabatereine, N.B.,
et al., 2010. Observed reductions in Schistosoma mansoni transmission from large-scale
administration of praziquantel in Uganda: a mathematical modelling study. PLoS
Negl. Trop. Dis. 4, e897.

Frenk, J., Horton, R., 2006. Evidence for health-system reform: a call to action. Lancet 368,
3e4.

General Assembly, 2000. United Nations Millennium Declaration [Online]. Available:
http://www.un.org/millennium/declaration/ares552e.pdf.

Garba, A., Toure, S., Dembele, R., Bosque-Oliva, E., Fenwick, A., 2006. Implementation
of national schistosomiasis control programmes in West Africa. Trends Parasitol. 22,
322e326.

Garjito, T.A., Sudomo, M., Abdullah, Dahlan, M., Nurwidayati, A., 2008. Schistosomiasis in
Indonesia: past and present. Parasitol. Int. 57, 277e280.

Green, A., 2013. Kenya’s new president promises health system reform. Lancet 381,
1348e1349.

Greer, G.J., Ow-Yang, C.K., Yong, H.S., 1988. Schistosoma malayensis: a Schistosoma japoni-
cum-complex schistosome from Peninsular Malaysia. J. Parasitol. 74, 471e480.

Guo, J.G., Vounatsou, P., Cao, C.L., Utzinger, J., Zhu, H.Q., Anderegg, D., et al., 2005. A
geographic information and remote sensing based model for prediction of Oncomelania
hupensis habitats in the Poyang Lake area, China. Acta Trop. 96, 213e222.

Guo, J.J., Zheng, H.J., Xu, J., Zhu, X.Q., Wang, S.Y., Xia, C.M., 2012. Sensitive and
specific target sequences selected from retrotransposons of Schistosoma japonicum for the
diagnosis of schistosomiasis. PLoS Negl. Trop. Dis. 6, e1579.

Guyatt, H., Evans, D., Lengeler, C., Tanner, M., 1994. Controlling schistosomiasis: the cost-
effectiveness of alternative delivery strategies. Health Policy Plan 9, 385e395.

Hisakane, N., Kirinoki, M., Chigusa, Y., Sinuon, M., Socheat, D., Matsuda, H., et al., 2008.
The evaluation of control measures against Schistosoma mekongi in Cambodia by a math-
ematical model. Parasitol. Int. 57, 379e385.

Schistosomiasis Control 459

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://refhub.elsevier.com/S0065-308X(16)30005-7/sref36
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref36
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref36
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref37
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref37
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref37
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref37
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref37
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref38
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref38
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref38
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref39
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref39
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref39
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref40
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref40
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref40
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref41
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref41
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref41
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref41
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref42
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref42
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref42
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref43
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref43
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref43
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref44
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref44
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref44
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref44
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref44
http://www.focac.org/eng/zxxx/t954620.htm
http://www.focac.org/eng/zxxx/t954620.htm
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref46
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref46
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref46
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref46
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref47
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref47
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref47
http://www.un.org/millennium/declaration/ares552e.pdf
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref49
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref49
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref49
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref49
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref50
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref50
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref50
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref51
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref51
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref51
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref52
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref52
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref52
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref53
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref53
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref53
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref53
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref54
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref54
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref54
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref55
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref55
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref55
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref56
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref56
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref56
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref56


Hotez, P.J., Alvarado, M., Basanez, M.G., Bolliger, I., Bourne, R., Boussinesq, M., et al.,
2014. The global burden of disease study 2010: interpretation and implications for the
neglected tropical diseases. PLoS Negl. Trop. Dis. 8, e2865.

Hotez, P.J., Kamath, A., 2009. Neglected tropical diseases in sub-Saharan Africa: review of
their prevalence, distribution, and disease burden. PLoS Negl. Trop. Dis. 3, e412.

Hotez, P.J., Savioli, L., Fenwick, A., 2012. Neglected tropical diseases of the Middle East and
North Africa: review of their prevalence, distribution, and opportunities for control.
PLoS Negl. Trop. Dis. 6, e1475.

Hu, G.H., Hu, J., Song, K.Y., Lin, D.D., Zhang, J., Cao, C.L., et al., 2005. The role of health
education and health promotion in the control of schistosomiasis: experiences from a 12-
year intervention study in the Poyang Lake area. Acta Trop. 96, 232e241.

Hu, W., Yan, Q., Shen, D.K., Liu, F., Zhu, Z.D., Song, H.D., et al., 2003. Evolutionary and
biomedical implications of a Schistosoma japonicum complementary DNA resource. Nat.
Genet. 35, 139e147.

Huang, Y.X., Manderson, L., 2005. The social and economic context and determinants of
schistosomiasis japonica. Acta Trop. 96, 223e231.

Hung, Y.W., Remais, J., 2008. Quantitative detection of Schistosoma japonicum cercariae in
water by real-time PCR. PLoS Negl. Trop. Dis. 2, e337.

Hurlimann, E., Schur, N., Boutsika, K., Stensgaard, A.S., Laserna De Himpsl, M.,
Ziegelbauer, K., et al., 2011. Toward an open-access global database for mapping, con-
trol, and surveillance of neglected tropical diseases. PLoS Negl. Trop. Dis. 5, e1404.

Inobaya, M.T., Olveda, R.M., Tallo, V., Mcmanus, D.P., Williams, G.M., Harn, D.A., et al.,
2015. Schistosomiasis mass drug administration in the Philippines: lessons learnt and the
global implications. Microbes Infect. 17, 6e15.

Ishikawa, H., Ohmae, H., 2009. Modeling the dynamics and control of transmission of Schis-
tosoma japonicum and S. mekongi in Southeast Asia. Korean J. Parasitol. 47, 1e5.

Kabatereine, N.B., Tukahebwa, E., Kazibwe, F., Namwangye, H., Zaramba, S., Brooker, S.,
et al., 2006. Progress towards countrywide control of schistosomiasis and soil-transmitted
helminthiasis in Uganda. Trans. R. Soc. Trop. Med. Hyg. 100, 208e215.

Kahler, M., 2013. The Rise of Emerging Asia: Regional Peace and Global Security. Peterson
Institute for International Economics Working Paper.

Kato-Hayashi, N., Yasuda, M., Yuasa, J., Isaka, S., Haruki, K., Ohmae, H., et al., 2013.
Use of cell-free circulating schistosome DNA in serum, urine, semen, and saliva to
monitor a case of refractory imported schistosomiasis hematobia. J. Clin. Microbiol.
51, 3435e3438.

King, C.H., 2009. Toward the elimination of schistosomiasis. N. Engl. J. Med. 360, 106e109.
King, C.H., 2010. Parasites and poverty: the case of schistosomiasis. Acta Trop. 113, 95e104.
King, C.H., 2015. Health metrics for helminth infections. Acta Trop. 141, 150e160.
King, C.H., Dickman, K., Tisch, D.J., 2005. Reassessment of the cost of chronic helmintic

infection: a meta-analysis of disability-related outcomes in endemic schistosomiasis. Lan-
cet 365, 1561e1569.

King, K., 2006. Aid Within the Wider China-Africa Partnership: A View from the Beijing
Summit [Online]. Available: http://www.cctr.ust.hk/materials/conference/China-
Africa/papers/King,Kenneth.pdf.

Kirinoki, M., Chigusa, Y., Ohmae, H., Sinuon, M., Socheat, D., Matsumoto, J., et al., 2011.
Efficacy of sodium metaperiodate (SMP)-ELISA for the serodiagnosis of schistosomiasis
mekongi. Southeast Asian J. Trop. Med. Public Health 42, 25e33.

Knopp, S., Mohammed, K.A., Ali, S.M., Khamis, I.S., Ame, S.M., Albonico, M., et al.,
2012. Study and implementation of urogenital schistosomiasis elimination in Zanzibar
(Unguja and Pemba islands) using an integrated multidisciplinary approach. BMC Public
Health 12, 930.

460 J. Xu et al.

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://refhub.elsevier.com/S0065-308X(16)30005-7/sref57
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref57
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref57
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref58
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref58
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref59
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref59
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref59
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref60
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref60
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref60
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref60
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref61
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref61
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref61
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref61
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref62
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref62
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref62
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref63
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref63
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref64
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref64
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref64
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref65
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref65
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref65
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref65
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref66
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref66
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref66
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref67
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref67
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref67
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref67
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref68
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref68
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref69
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref69
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref69
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref69
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref69
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref70
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref70
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref71
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref71
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref72
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref72
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref73
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref73
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref73
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref73
http://www.cctr.ust.hk/materials/conference/China-Africa/papers/King,Kenneth.pdf
http://www.cctr.ust.hk/materials/conference/China-Africa/papers/King,Kenneth.pdf
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref75
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref75
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref75
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref75
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref76
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref76
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref76
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref76


Laymanivong, S., Hangvanthong, B., Keokhamphavanh, B., Phommasansak, M.,
Phinmaland, B., Sanpool, O., et al., 2014. Current status of human hookworm
infections, ascariasis, trichuriasis, schistosomiasis mekongi and other trematodiases in
Lao People’s Democratic Republic. Am. J. Trop. Med. Hyg. 90, 667e669.

Lei, Z.L., Zhou, X.N., 2015. Eradication of schistosomiasis: a new target and a new task for
the national schistosomiasis control program in the People’s Republic of China. Chin. J.
Schistosomiasis Control 27, 1e4.

Leonardo, L., Rivera, P., Saniel, O., Antonio Solon, J., Chigusa, Y., Villacorte, E., et al.,
2015. New endemic foci of schistosomiasis infections in the Philippines. Acta Trop.
141, 354e360.

Leonardo, L., Rivera, P., Saniel, O., Villacorte, E., Lebanan, M.A., Crisostomo, B., et al.,
2012. A national baseline prevalence survey of schistosomiasis in the Philippines using
stratified two-step systematic cluster sampling design. J. Trop. Med. 2012, 936128.

Leonardo, L.R., Acosta, L.P., Olveda, R.M., Aligui, G.D., 2002. Difficulties and strategies in
the control of schistosomiasis in the Philippines. Acta Trop. 82, 295e299.

Leonardo, L.R., Bergquist, R., 2002. Regional network on Asian schistosomiasis. Trends
Parasitol. 18, 434e436.

Leonardo, L.R., Rivera, P., Saniel, O., Villacorte, E., Crisostomo, B., Hernandez, L., et al.,
2008. Prevalence survey of schistosomiasis in Mindanao and the Visayas, the Philippines.
Parasitol. Int. 57, 246e251.

Leslie, J., Garba, A., Oliva, E.B., Barkire, A., Tinni, A.A., Djibo, A., et al., 2011. Schistoso-
miasis and soil-transmitted helminth control in Niger: cost effectiveness of school based
and community distributed mass drug administration [corrected]. PLoS Negl. Trop. Dis.
5, e1326.

Li, S.Z., Luz, A., Wang, X.H., Xu, L.L., Wang, Q., Qian, Y.J., et al., 2009. Schistosomiasis in
China: acute infections during 2005e2008. Chin. Med. J. Engl. 122, 1009e1014.

Li, S.Z., Zheng, H., Gao, J., Zhang, L.J., Zhu, R., Xu, J., et al., 2013. Endemic status of
schistosomiasis in People’s Republic of China in 2012. Chin. J. Schistosomiasis Control
25, 557e563.

Lieberman, S.S., Capuno, J.J., Van Minh, H., 2005. Decentralizing health: lessons from
Indonesia, the Philippines, and Vietnam. East Asia Decentralizes: Making Local Govern-
ment Work 155e178.

Liese, B., Rosenberg, M., Schratz, A., 2010. Programmes, partnerships, and governance for
elimination and control of neglected tropical diseases. Lancet 375, 67e76.

Liljestrand, J., Sambath, M.R., 2012. Socio-economic improvements and health system
strengthening of maternity care are contributing to maternal mortality reduction in
Cambodia. Reprod. Health Matters 20, 62e72.

Liu, F., Lu, J., Hu, W., Wang, S.Y., Cui, S.J., Chi, M., et al., 2006. New perspectives on
host-parasite interplay by comparative transcriptomic and proteomic analyses of Schisto-
soma japonicum. PLoS Pathog. 2, e29.

Liu, P., Guo, Y., Qian, X., Tang, S., Li, Z., Chen, L., 2014. China’s distinctive engagement
in global health. Lancet 384, 793e804.

Massa, K., Olsen, A., Sheshe, A., Ntakamulenga, R., Ndawi, B., Magnussen, P., 2009. Can
coverage of schistosomiasis and soil transmitted helminthiasis control programmes target-
ing school-aged children be improved? New approaches. Parasitology 136, 1781e1788.

Mazigo, H.D., Nuwaha, F., Kinung’hi, S.M., Morona, D., Pinot De Moira, A., Wilson, S.,
et al., 2012. Epidemiology and control of human schistosomiasis in Tanzania. Parasit.
Vectors 5, 274.

Melo, E.V., Costa, W.D., Conceicao, M.J., Coura, J.R., 2014. A comparative cross-sectional
study on the prevalence and morbidity of schistosomiasis in a community in northeastern
Brazil (1979e2010). Mem. Inst. Oswaldo Cruz 0, 0.

Schistosomiasis Control 461

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://refhub.elsevier.com/S0065-308X(16)30005-7/sref77
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref77
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref77
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref77
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref77
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref78
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref78
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref78
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref78
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref79
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref79
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref79
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref79
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref80
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref80
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref80
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref81
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref81
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref81
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref82
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref82
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref82
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref83
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref83
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref83
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref83
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref84
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref84
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref84
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref84
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref85
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref85
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref85
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref85
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref86
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref86
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref86
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref86
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref87
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref87
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref87
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref87
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref88
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref88
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref88
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref89
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref89
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref89
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref89
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref90
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref90
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref90
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref91
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref91
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref91
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref92
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref92
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref92
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref92
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref93
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref93
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref93
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref94
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref94
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref94
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref94


Murray, C.J., Vos, T., Lozano, R., Naghavi, M., Flaxman, A.D., Michaud, C., et al., 2012.
Disability-adjusted life years (DALYs) for 291 diseases and injuries in 21 regions, 1990e
2010: a systematic analysis for the Global Burden of Disease Study 2010. Lancet 380,
2197e2223.

Musuva, R.M., Awiti, A., Omedo, M., Ogutu, M., Secor, W.E., Montgomery, S.P., et al.,
2014. Community knowledge, attitudes and practices on schistosomiasis in western
Kenya e The SCORE Project. Am. J. Trop. Med. Hyg. 90, 646e652.

Muth, S., Sayasone, S., Odermatt-Biays, S., Phompida, S., Duong, S., Odermatt, P., 2010.
Schistosoma mekongi in Cambodia and Lao People’s Democratic Republic. Adv. Parasitol.
72, 179e203.

Mwakitalu, M.E., Malecela, M.N., Mosha, F.W., Simonsen, P.E., 2014. Urban schistosomi-
asis and soil transmitted helminthiases in young school children in Dar es Salaam and
Tanga, Tanzania, after a decade of anthelminthic intervention. Acta Trop. 133, 35e41.

Mwinzi, P.N.M., Montgomery, S.P., Owaga, C.O., Mwanje, M., Muok, E.M., Ayisi, J.G.,
et al., 2012. Integrated community-directed intervention for schistosomiasis and soil
transmitted helminths in western Kenya e a pilot study. Parasit. Vectors 5, 182.

NHFPC, 2013. Beijing Declaration of the Ministerial Forum of China-Africa Health
Development [Online]. Available: http://www.nhfpc.gov.cn/gjhzs/s3590/201308/
da8ad62e487a481f987e631e1318c6fc.shtml (accessed 21.03.14.).

NIPD, 2013. Altas of schistosomiasis transmission in China. China map publishing house;
Beijing.

Nordin, P., Poggensee, G., Mtweve, S., Krantz, I., 2014. From a weighing scale to a pole: a
comparison of two different dosage strategies in mass treatment of Schistosomiasis
haematobium. Glob. Health Action 7, 25351.

Obeng, B.B., Aryeetey, Y.A., De Dood, C.J., Amoah, A.S., Larbi, I.A., Deelder, A.M., et al.,
2008. Application of a circulating-cathodic-antigen (CCA) strip test and real-time PCR,
in comparison with microscopy, for the detection of Schistosoma haematobium in urine
samples from Ghana. Ann. Trop. Med. Parasitol. 102, 625e633.

Odhiambo, G.O., Musuva, R.M., Atuncha, V.O., Mutete, E.T., Odiere, M.R.,
Onyango, R.O., et al., 2014. Low levels of awareness despite high prevalence of schis-
tosomiasis among communities in Nyalenda informal settlement, Kisumu city, western
Kenya. PLoS Negl. Trop. Dis. 8, e2784.

OECD, 2013. Aid to the Health [Online]. Available: http://www.oecd.org/dac/stats/health
(accessed 06.01.15.).

Ohmae, H., Sinuon, M., Kirinoki, M., Matsumoto, J., Chigusa, Y., Socheat, D., et al., 2004.
Schistosomiasis mekongi: from discovery to control. Parasitol. Int. 53, 135e142.

Omedo, M., Ogutu, M., Awiti, A., Musuva, R., Muchiri, G., Montgomery, S.P., et al.,
2014. The effect of a health communication campaign on compliance with mass drug
administration for schistosomiasis control in western Kenya e the SCORE project.
Am. J. Trop. Med. Hyg. 91, 982e988.

Palha De Sousa, C.A., Brigham, T., Chasekwa, B., Mbuya, M.N., Tielsch, J.M.,
Humphrey, J.H., et al., 2014. Dosing of praziquantel by height in sub-Saharan African
adults. Am. J. Trop. Med. Hyg. 90, 634e637.

Pontes, L.A., Dias-Neto, E., Rabello, A., 2002. Detection by polymerase chain reaction of Schis-
tosoma mansoni DNA in human serum and feces. Am. J. Trop. Med. Hyg. 66, 157e162.

Prter, J., Webbe, G., Sturrock, R.F., 1993. Human Schistosomiasis. CAB International,
Wallingford, UK.

Qin, Z.Q., Xu, J., Feng, T., Zhu, H.Q., Li, S.Z., Xiao, N., et al., 2013. Strategic thinking of
the construction of national schistosomiasis laboratory network in China. Chin. J. Schis-
tosomiasis Control 25, 329e332.

Riveau, G., Deplanque, D., Remoue, F., Schacht, A.M., Vodougnon, H., Capron, M., et al.,
2012. Safety and immunogenicity of rSh28GST antigen in humans: phase 1 randomized

462 J. Xu et al.

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://refhub.elsevier.com/S0065-308X(16)30005-7/sref95
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref95
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref95
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref95
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref95
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref96
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref96
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref96
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref96
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref96
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref97
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref97
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref97
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref97
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref98
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref98
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref98
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref98
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref99
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref99
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref99
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref99
http://www.nhfpc.gov.cn/gjhzs/s3590/201308/da8ad62e487a481f987e631e1318c6fc.shtml
http://www.nhfpc.gov.cn/gjhzs/s3590/201308/da8ad62e487a481f987e631e1318c6fc.shtml
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref68a
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref68a
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref101
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref101
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref101
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref102
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref102
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref102
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref102
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref102
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref103
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref103
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref103
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref103
http://www.oecd.org/dac/stats/health
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref105
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref105
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref105
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref106
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref106
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref106
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref106
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref106
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref106
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref107
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref107
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref107
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref107
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref108
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref108
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref108
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref109
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref109
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref110
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref110
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref110
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref110
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref111
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref111


clinical study of a vaccine candidate against urinary schistosomiasis. PLoS Negl. Trop.
Dis. 6, e1704.

Rodrigo, M.-S., Smith, P.C., 2012. Does progress towards universal health coverage
improve population health? Lancet 380, 917e923.

Rollinson, D., Knopp, S., Levitz, S., Stothard, J.R., Tchuem Tchuente, L.A., Garba, A.,
et al., 2013. Time to set the agenda for schistosomiasis elimination. Acta Trop. 128,
423e440.

Ross, A.G., Olveda, R.M., Acosta, L., Harn, D.A., Chy, D., Li, Y., et al., 2013. Road to the
elimination of schistosomiasis from Asia: the journey is far from over. Microbes Infect.
15, 858e865.

Rozendaal, J.A., 1997. Vector Control. Methods for Use by Individuals and Communities.
WHO, Geneva.

Savedoff, W.D., Ferranti, D.D., Smith, A.L., Fan, V., 2012. Political and economic aspects of
the transition to universal health coverage. Lancet 380, 924e932.

Savioli, L., Gabrielli, A.F., Montresor, A., Chitsulo, L., Engels, D., 2009. Schistosomiasis
control in Africa: 8 years after World Health Assembly Resolution 54$19. Parasitology
136, 1677e1681.

Sekwat, A., 2003. Health financing reform in sub-Saharan Africa: major constraints, goals,
and strategies. J. Health Care Finance 29, 67e78.

Simoonga, C., Utzinger, J., Brooker, S., Vounatsou, P., Appleton, C.C., Stensgaard, A.S.,
et al., 2009. Remote sensing, geographical information system and spatial analysis for
schistosomiasis epidemiology and ecology in Africa. Parasitology 136, 1683e1693.

Steinmann, P., Keiser, J., Bos, R., Tanner, M., Utzinger, J., 2006. Schistosomiasis and water
resources development: systematic review, meta-analysis, and estimates of people at risk.
Lancet Infect. Dis. 6, 411e425.

Stothard, J.R., Chitsulo, L., Kristensen, T.K., Utzinger, J., 2009. Control of schistosomiasis in
sub-Saharan Africa: progress made, new opportunities and remaining challenges. Parasi-
tology 136, 1665e1675.

Stothard, J.R., Sousa-Figueiredo, J.C., Betson, M., Bustinduy, A., Reinhard-Rupp, J.,
2013a. Schistosomiasis in African infants and preschool children: let them now be
treated! Trends Parasitol. 29, 197e205.

Stothard, J.R., Sousa-Figueiredo, J.C., Betson, M., Green, H.K., Seto, E.Y., Garba, A., et al.,
2011. Closing the praziquantel treatment gap: new steps in epidemiological monitoring
and control of schistosomiasis in African infants and preschool-aged children. Parasi-
tology 138, 1593e1606.

Stothard, J.R., Sousa-Figueiredo, J.C., Navaratnam, A.M.D., 2013b. Advocacy, policies and
practicalities of preventive chemotherapy campaigns for African children with
schistosomiasis. Expert Rev. Anti Infect. Ther. 11, 733e752.

Straus, S., 2012. Wars do end! Changing patterns of political violence in sub-Saharan Africa.
Afr. Aff. 1e23.

Sturrock, R.F., Diaw, O.T., Talla, I., Niang, M., Piau, J.P., Capron, A., 2001. Seasonality in
the transmission of schistosomiasis and in populations of its snail intermediate hosts in and
around a sugar irrigation scheme at Richard Toll, Senegal. Parasitology 123 (Suppl.),
S77eS89.

Sudomo, M., Pretty, M.D.S., 2007. Schistosomiasis control in Indonesia. Bul. Penelit. Kese-
hat. 35, 36e45.

Sun, L.P., Liang, Y.S., Wu, H.H., Tian, Z.X., Dai, J.R., Yang, K., et al., 2011. A Google
Earth-based surveillance system for schistosomiasis japonica implemented in the lower
reaches of the Yangtze River, China. Parasit. Vectors 4, 223.

Tallo, V.L., Carabin, H., Alday, P.P., Balolong Jr., E., Olveda, R.M., Mcgarvey, S.T., 2008.
Is mass treatment the appropriate schistosomiasis elimination strategy? Bull. World
Health Organ 86, 765e771.

Schistosomiasis Control 463

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://refhub.elsevier.com/S0065-308X(16)30005-7/sref111
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref111
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref112
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref112
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref112
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref113
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref113
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref113
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref113
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref114
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref114
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref114
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref114
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref115
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref115
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref116
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref116
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref116
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref117
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref117
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref117
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref117
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref117
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref117
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref118
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref118
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref118
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref119
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref119
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref119
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref119
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref120
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref120
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref120
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref120
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref121
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref121
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref121
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref121
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref122
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref122
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref122
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref122
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref123
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref123
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref123
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref123
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref123
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref124
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref124
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref124
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref124
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref125
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref125
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref125
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref126
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref126
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref126
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref126
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref126
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref127
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref127
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref127
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref128
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref128
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref128
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref129
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref129
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref129
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref129


Tong, Q., Chen, R., Zhang, Y., Yang, G., Kumagaid, T., Shimogawarad, R., et al., 2015. A
new surveillance and response tool: risk map of infectedOncomelania hupensis detected by
loop-mediated isothermal amplification (LAMP) from pooled samples. Acta Trop. 141,
170e177.

Toure, S., Zhang, Y., Bosque-Oliva, E., Ky, C., Ouedraogo, A., Koukounari, A., et al.,
2008. Two-year impact of single praziquantel treatment on infection in the national
control programme on schistosomiasis in Burkina Faso. Bull. World Health Organ 86,
780e787 (A).

Uniting to Combat Neglected Tropical Diseases, 2012. The London Declaration [Online].
Available: http://unitingTocombatntds.org/sites/default/files/resource_file/london_
declaration_on_ntds.pdf.

UNCTAD, 2013. Economic Development in Africa Report 2013-Intra-African Trade:
Unlocking Private Sector Dynamism (UNCTAD/ALDC/AFRICA/2013) [Online].
Available: http://unctad.org/en/pages/PublicationWebflyer.aspx?publicationid¼604.

Urbani, C., Sinoun, M., Socheat, D., Pholsena, K., Strandgaard, H., Odermatt, P., et al.,
2002. Epidemiology and control of mekongi schistosomiasis. Acta Trop. 82, 157e168.

Utzinger, J., Bergquist, R., Shu-Hua, X., Singer, B.H., Tanner, M., 2003. Sustainable schis-
tosomiasis control e the way forward. Lancet 362, 1932e1934.

Utzinger, J., Raso, G., Brooker, S., De Savigny, D., Tanner, M., Ornbjerg, N., et al., 2009.
Schistosomiasis and neglected tropical diseases: towards integrated and sustainable control
and a word of caution. Parasitology 136, 1859e1874.

Van Dam, G.J., Xu, J., Bergquist, R., De Dood, C.J., Utzinger, J., Qin, Z.Q., et al., 2015. An
ultra-sensitive assay targeting the circulating anodic antigen for the diagnosis of Schisto-
soma japonicum in a low-endemic area, People’s Republic of China. Acta Trop. 141,
190e197.

Wang, L.D., Utzinger, J., Zhou, X.N., 2008. Schistosomiasis control: experiences and lessons
from China. Lancet 372, 1793e1795.

Webster, J.P., Molyneux, D.H., Hotez, P.J., Fenwick, A., 2014. The contribution of mass
drug administration to global health: past, present and future. Philos. Trans. R. Soc.
Lond B Biol. Sci. 369, 20130434.

WHA, 2012. Elimination of Schistosomiasis. WHO, Geneva [Online]. Available: http://
www.who.int/neglected_diseases/mediacentre/WHA_65.21_Eng.pdf (accessed
12.07.15.).

WHO, 2012a. Accelerating Work to Overcome the Global Impact of Neglected Tropical
Diseases: A Roadmap for Implementation [Online]. Available: http://www.who.int/
neglected_diseases/NTD_RoadMap_2012_Fullversion.pdf (accessed 15.08.15.).

WHO, 2012b. Key issues and challenges arising out or the Sixty-fifth World Health
Assembly and the 130th and 131st sessions of the WHO Executive Board. Elimination
of schistosomiasis (WHA 65.21). In: Sixty-fifth Session SEA/RC65/17. Yogyakarta,
Indonesia.

WHO, 2013. Schistosomiasis: Progress Report 2001e2011 and Strategic Plan 2012e2020
[Online]. World Health Organization, Geneva.

WHO, 2014. Schistosomiasis: number of people receiving preventive chemotherapy in
2012. Wkly. Epidemiol. Rec. 89, 21e28.

WHO/UNICEF, 2014. Progress on Drinking Water and Sanitation [Online]. Available:
Http://www.who.int/water_sanitation_health/publications/2014/jmp-report/en/2014.

Worku, L., Damte, D., Endris, M., Tesfa, H., Aemero, M., 2014. Schistosoma mansoni infec-
tion and associated determinant factors among school children in Sanja town, Northwest
Ethiopia. J. Parasitol. Res. 2014, 792536.

Wu, X.H., Chen, M.G., Zheng, J., 2005. Surveillance of schistosomiasis in five provinces of
China which have reached the national criteria for elimination of the disease. Acta Trop.
96, 276e281.

464 J. Xu et al.

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://refhub.elsevier.com/S0065-308X(16)30005-7/sref130
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref130
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref130
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref130
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref130
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref131
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref131
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref131
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref131
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref131
http://unitingTocombatntds.org/sites/default/files/resource_file/london_declaration_on_ntds.pdf
http://unitingTocombatntds.org/sites/default/files/resource_file/london_declaration_on_ntds.pdf
http://unctad.org/en/pages/PublicationWebflyer.aspx?publicationid=604
http://unctad.org/en/pages/PublicationWebflyer.aspx?publicationid=604
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref134
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref134
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref134
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref135
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref135
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref135
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref135
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref136
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref136
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref136
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref136
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref137
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref137
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref137
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref137
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref137
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref138
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref138
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref138
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref139
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref139
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref139
http://www.who.int/neglected_diseases/mediacentre/WHA_65.21_Eng.pdf
http://www.who.int/neglected_diseases/mediacentre/WHA_65.21_Eng.pdf
http://www.who.int/neglected_diseases/NTD_RoadMap_2012_Fullversion.pdf
http://www.who.int/neglected_diseases/NTD_RoadMap_2012_Fullversion.pdf
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref142
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref142
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref142
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref142
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref143
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref143
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref143
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref143
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref144
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref144
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref144
http://Http://www.who.int/water_sanitation_health/publications/2014/jmp-report/en/2014
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref146
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref146
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref146
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref147
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref147
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref147
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref147


Wu, X.H., Zhang, S.Q., Xu, X.J., Huang, Y.X., Steinmann, P., Utzinger, J., et al., 2008.
Effect of floods on the transmission of schistosomiasis in the Yangtze River valley,
People’s Republic of China. Parasitol. Int. 57, 271e276.

Xin, Y.T., Dai, J.R., 2010. Progress of research on molluscicide niclosamide. Chin. J. Schis-
tosomiasis Control 22, 504e508.

Xu, J., Guo, J.G., Wu, X.H., Zeng, X.J., Yang, W.P., Yang, G.B., et al., 2009. Efficacy and
adverse effects of film coated praziquantel for treatment of schistosomiasis japonica. Chin.
J. Prev. Med. 43, 718e722.

Xu, J., Liu, H., 2012. The challenges of malaria elimination in Yunnan Province, People’s
Republic of China. Southeast Asian J. Trop. Med. Public Health 43, 819e824.

Xu, J., Peeling, R.W., Chen, J.X., Wu, X.H.,Wu, Z.D.,Wang, S.P., et al., 2011. Evaluation
of nine immunoassays for the diagnosis of Schistosoma japonicum infection using archived
sera. PLoS Negl. Trop. Dis. 5, e949.

Xu, J., Xu, J.F., Li, S.Z., Zhang, L.J., Wang, Q., Zhu, H.H., et al., 2015. Integrated control
programmes for schistosomiasis and other helminth infections in P.R. China. Acta Trop.
141, 332e341.

Xu, J., Yang, K., Li, S.Z., Zhou, X.N., 2014. Surveillance system after transmission control of
schistosomiasis in P.R. China. Chin. J. Schistosomiasis Control 26, 1e5.

Xu, J., Yu, Q., Tchuem-Tchuenté, L.A., Bergquist, R., Sacko, M., Utzinger, J., et al., 2016.
Enhancing collaboration between China and African countries for schistosomiasis
control. Lancet Infect. Dis. http://dx.doi.org/10.1016/S1473-3099(1015)00360-
00366. Published Online: February 03, 2016.

Yang, G.J., Li, W., Sun, L.P., Wu, F., Yang, K., Huang, Y.X., et al., 2010. Molluscicidal
efficacies of different formulations of niclosamide: result of meta-analysis of Chinese
literature. Parasit. Vectors 3, 84.

Yang, G.J., Sun, L.P., Hong, Q.B., Zhu, H.R., Yang, K., Gao, Q., et al., 2012a. Optimizing
molluscicide treatment strategies in different control stages of schistosomiasis in the Peo-
ple’s Republic of China. Parasit. Vectors 5, 260.

Yang, G.J., Vounatsou, P., Tanner, M., Zhou, X.N., Utzinger, J., 2006. Remote sensing for
predicting potential habitats ofOncomelania hupensis in Hongze, Baima and Gaoyou lakes
in Jiangsu province, China. Geospat Health 1, 85e92.

Yang, G.J., Vounatsou, P., Zhou, X.N., Utzinger, J., Tanner, M., 2005. A review of
geographic information system and remote sensing with applications to the epidemi-
ology and control of schistosomiasis in China. Acta Trop. 96, 117e129.

Yang, K., Li, W., Sun, L.P., Huang, Y.X., Zhang, J.F., Wu, F., et al., 2013. Spatio-temporal
analysis to identify determinants of Oncomelania hupensis infection with Schistosoma japo-
nicum in Jiangsu province, China. Parasit. Vectors 6, 138.

Yang, K., Sun, L.P., Huang, Y.X., Yang, G.J., Wu, F., Hang, D.R., et al., 2012b. A real-time
platform for monitoring schistosomiasis transmission supported by Google Earth and a
web-based geographical information system. Geospat. Health 6, 195e203.

Yuan, Y., Xu, X.J., Dong, H.F., Jiang, M.S., Zhu, H.G., 2005. Transmission control of schis-
tosomiasis japonica: implementation and evaluation of different snail control
interventions. Acta Trop. 96, 191e197.

Zhang, Z., Carpenter, T.E., Chen, Y., Clark, A.B., Lynn, H.S., Peng, W., et al., 2008. Iden-
tifying high-risk regions for schistosomiasis in Guichi, China: a spatial analysis. Acta Trop.
107, 217e223.

Zhang, Z.Y., Xu, D.Z., Zhou, X.N., Zhou, Y., Liu, S.J., 2005. Remote sensing and spatial
statistical analysis to predict the distribution of Oncomelania hupensis in the marshlands of
China. Acta Trop. 96, 205e212.

Zhao, G.M., Zhao, Q., Jiang, Q.W., Chen, X.Y., Wang, L.Y., Yuan, H.C., 2005.
Surveillance for schistosomiasis japonica in China from 2000 to 2003. Acta Trop.
96, 288e295.

Schistosomiasis Control 465

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://refhub.elsevier.com/S0065-308X(16)30005-7/sref148
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref148
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref148
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref148
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref149
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref149
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref149
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref150
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref150
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref150
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref150
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref151
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref151
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref151
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref152
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref152
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref152
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref153
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref153
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref153
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref153
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref154
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref154
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref154
http://dx.doi.org/10.1016/S1473-3099(1015)00360-00366
http://dx.doi.org/10.1016/S1473-3099(1015)00360-00366
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref156
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref156
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref156
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref157
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref157
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref157
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref158
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref158
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref158
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref158
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref159
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref159
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref159
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref159
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref160
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref160
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref160
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref161
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref161
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref161
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref161
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref162
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref162
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref162
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref162
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref163
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref163
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref163
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref163
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref164
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref164
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref164
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref164
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref165
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref165
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref165
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref165


Zhou, X.N., Bergquist, R., Tanner, M., 2013. Elimination of tropical disease through sur-
veillance and response. Infect. Dis. Poverty 2, 1.

Zhou, X.N., Jiang, Q.W., Guo, J.G., Lin, D.D., Zhu, R., Yang, G.J., et al., 2012. Road map
for transmission interruption of schistosomiasis in China. Chin. J. Schistosomiasis Control
24, 1e4.

Zhou, X.N., Olveda, R., Sripa, B., Yang, G.J., Leonardo, L., Bergquist, R., 2015. From gap
analysis to solution and action: the RNAS(þ) model. Acta Trop. 141, 146e149.

Zhou, X.N., Yang, G.J., Yang, K., Wang, X.H., Hong, Q.B., Sun, L.P., et al., 2008.
Potential impact of climate change on schistosomiasis transmission in China. Am. J.
Trop. Med. Hyg. 78, 188e194.

Zhou, X.N., Wang, L.Y., Chen, M.G., Wu, X.H., Jiang, Q.W., Chen, X.Y., et al., 2005.
The public health significance and control of schistosomiasis in China e then and
now. Acta Trop. 96, 97e105.

Zhou, X.N., Xu, J., Chen, H.G., Wang, T.P., Huang, X.B., Lin, D.D., et al., 2011. Tools to
support policy decisions related to treatment strategies and surveillance of schistosomiasis
japonica towards elimination. PLoS Negl. Trop. Dis. 5, e1408.

Zhou, Y., Zhen, H., Chen, Y., Zhang, L., Wang, K., Guo, J., et al., 2009. The Schistosoma
japonicum genome reveals features of host-parasite interplay. Nature 460, 345e351.

Zhu, N., 2013. China to Strengthen Cooperation with Africa on Health. Xinhua
Newspaper, Beijing [Online]. Available: http://news.xinhuanet.com/english/china/
2013-08/16/c_132637291 (accessed 05.05.15.).

Zhu, R., Qin, Z.Q., Feng, T., Dang, H., Zhang, L.J., Xu, J., 2013. Assessment of effect and
quality control for parasitological tests in national schistosomiasis surveillance sites. Chin.
J. Schistosomiasis Control 25, 11e15.

Zhu, R., Zhao, G.M., Li, H.Z., Guo, J.G., 2011. Development and prospect of surveillance
network of schistosomiasis in China. Chin. J. Schistosomiasis Control 23, 14e17.

Zhu, Y., Hassen, S., He, W., Cao, G., 2006. Preliminary study on detection of schistosomi-
asis mansoni with dipstick dye immunoassay (DDIA) kit. Chin. J. Schistosomiasis Control
18, 419e421.

Zhu, Y.C., Socheat, D., Bounlu, K., Liang, Y.S., Sinuon, M., Insisiengmay, S., et al., 2005.
Application of dipstick dye immunoassay (DDIA) kit for the diagnosis of schistosomiasis
mekongi. Acta Trop. 96, 137e141.

466 J. Xu et al.

Schistosomiasis in the Peoples Republic of China: from Control to Elimination, First Edition, 2016, 435e466

Author's personal copy

http://refhub.elsevier.com/S0065-308X(16)30005-7/sref166
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref166
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref167
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref167
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref167
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref167
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref168
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref168
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref168
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref168
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref169a
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref169a
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref169a
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref169a
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref169
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref169
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref169
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref169
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref169
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref170
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref170
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref170
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref171
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref171
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref171
http://news.xinhuanet.com/english/china/2013-08/16/c_132637291
http://news.xinhuanet.com/english/china/2013-08/16/c_132637291
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref173
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref173
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref173
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref173
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref174
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref174
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref174
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref175
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref175
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref175
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref175
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref176
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref176
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref176
http://refhub.elsevier.com/S0065-308X(16)30005-7/sref176

