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his paper is dedicated to the memory of Dr
ikezo Mubila who  passed away on 4
ugust 2011. Likezo was  a strong voice for

he control of neglected tropical diseases in
frica. She was  central to WHO  African
egion activities and a greatly respected

riend and colleague of many involved in
elminth control. A few days before her
ntimely death, Likezo made a great effort
o attend and contribute to the launch of
Tokomeza Kichocho” (roughly translated
s “Eliminate Schistosomiasis”) on Pemba
sland, Zanzibar.
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a  b  s  t  r  a  c  t

It  is time  to raise  global  awareness  to  the  possibility  of  schistosomiasis  elimination  and  to  support  endemic
countries  in  their  quest  to determine  the  most  appropriate  approaches  to  eliminate  this  persistent  and
debilitating  disease.  The main  interventions  for schistosomiasis  control  are reviewed,  including  pre-
ventive  chemotherapy  using  praziquantel,  snail  control,  sanitation,  safe  water  supplies,  and  behaviour
change  strategies  supported  by  information,  education  and  communication  (IEC)  materials.  Differences
in  the  biology  and  transmission  of the  three  main  Schistosoma  species  (i.e.  Schistosoma  haematobium,
S.  mansoni  and  S. japonicum),  which  impact  on  control  interventions,  are  considered.  Sensitive  diagnostic
procedures  to ensure  adequate  surveillance  in  areas  attaining  low  endemicity  are  required.  The  impor-
tance  of  capacity  building  is  highlighted.  To  achieve  elimination,  an  intersectoral  approach  is  necessary,
with  advocacy  and  action  from  local  communities  and  the  health  community  to foster  cooperative  ven-
tures with  engineers,  the  private  sector,  governments  and  non-governmental  organizations  specialized  in
water  supply  and  sanitation.  Examples  of  successful  schistosomiasis  control  programmes  are  reviewed
to  highlight  what  has  been  learnt  in  terms  of  strategy  for control  and  elimination.  These  include  St.
Lucia  and  other  Caribbean  islands,  Brazil  and  Venezuela  for S. mansoni;  Saudi  Arabia  and  Egypt  for  both
S.  mansoni  and S.  haematobium; Morocco,  Tunisia,  Algeria,  Mauritius  and  the  Islamic  Republic  of  Iran  for
S.  haematobium; Japan  and the People’s  Republic  of China  for S. japonicum.  Additional  targets  for  elim-
ination  or  even  eradication  could  be  the  two  minor  human  schistosome  species  S.  guineenisis  and
chistosoma haematobium
chistosoma japonicum
chistosoma mansoni
orbidity control

ransmission control

S.  intercalatum, which  have  a restricted  distribution  in West  and  Central  Africa.  The  examples  show  that
elimination  of schistosomiasis  is  an  achievable  and  desirable  goal  requiring  full integration  of  preventive
chemotherapy  with  the  tools  of  transmission  control.  An  agenda  for  the  elimination  of  schistosomia-
sis  would  aim to  identify  the  gaps  in knowledge,  and  define  the  tools,  strategies  and  guidelines  that
will  help  national  control  programmes  move  towards  elimination,  including  an  internationally  accepted

erific
limination mechanism  that  allows  v

. Introduction
Cast an eye back to the Lancet in 1919 and you will find two
uthoritative articles, one by Hamilton Fairley and a second by

∗ Corresponding author. Tel.: +44 207 942 5181.
E-mail address: d.rollinson@nhm.ac.uk (D. Rollinson).

001-706X/$ – see front matter ©  2012 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.actatropica.2012.04.013
ation/confirmation  of  elimination.
© 2012 Elsevier B.V. All rights reserved.

Christopherson, accompanied by an optimistic editorial on the
treatment and prevention of bilharziasis (schistosomiasis). Fol-
lowing the then recent discovery that the schistosome life-cycle
involved freshwater molluscs, and with only antimonium tartara-
tum for treatment, the Lancet editorial put forth that “By a judicious

campaign against mollusks especially in a country like Egypt where
the water supplies are all under control, it is now quite within the
bounds of possibility that the disease may  be largely controlled, if
not actually stamped out” (Annon., 1919).

dx.doi.org/10.1016/j.actatropica.2012.04.013
http://www.sciencedirect.com/science/journal/0001706X
http://www.elsevier.com/locate/actatropica
mailto:d.rollinson@nhm.ac.uk
dx.doi.org/10.1016/j.actatropica.2012.04.013
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Now move ahead more than 90 years and you will find in the
ister journal Lancet Infectious Diseases that the discussion on
chistosomiasis elimination continues. Strikingly different opin-
ons are given by leading researchers and control experts in
esponse to a personal view expressed by Gray et al. (2010), which
dvocates ideas on an integrated schistosomiasis control model
nd emphasizes the need to combine large-scale administration
f praziquantel with mollusciciding, environmental modification,
ealth education and promotion, and improved sanitation to
isrupt not only parasite transmission from the definitive mam-
alian host to the intermediate snail host but also vice versa.

he authors also encourage the development and incorporation of
nti-schistosome vaccines for acceleration of schistosomiasis elim-
nation efforts.

In a response, Fenwick and Savioli (2011) drew attention to the
se of praziquantel as the cornerstone of an effective public-health
trategy and in the control of urogenital and intestinal schistoso-
iasis in several committed endemic countries. In defence of this

pproach they stated that “The suggestion of transmission control
ith molluscicides drags up obsolete approaches, which have been

ostly, polluting and ineffective in many countries. To suggest a
accine will be of use is as far in the future as molluscicides are
n the past”. On the other hand, Zhang and Jiang (2011) responded
ositively in relation to successful projects in Japan and the Peo-
le’s Republic of China (P.R. China) “. . . control of snail populations
eems the most effective way to interrupt schistosomiasis trans-
ission cycles for a sustainable control strategy”.
Faced with this surprising array of modern-day comment and

pinion, one could simply ask what has been learnt over the last
ecades in terms of strategy for control and elimination of sch-

stosomiasis? Moreover, given the available tools for treatment
nd monitoring of infection, together with the wealth of past
xperience, why does this debilitating neglected tropical disease
NTD) continue to persist as a parasitic infection of major public
ealth importance (van der Werf et al., 2003; King et al., 2005;
tzinger et al., 2009)? The answers lie in the huge scale of the
roblem, the scant resources available for control and the com-
lexity of the disease and its transmission that are governed by
ocial–ecological systems (Utzinger et al., 2011). Shortage of prazi-
uantel (the only presently available anti-schistosomal drug), lack
f funds for implementation, monitoring and surveillance of inter-
entions, and missing baseline data can place a huge burden on
ational NTD control programmes, which may  not even exist in
ome endemic countries. Tough choices must be made concerning
he allocation of available funds and the setting of disease control
riorities.

Moreover, one has to keep in mind that while schistosomiasis
s a useful collective term, it is actually a complex of acute and

ainly chronic diseases caused by six Schistosoma species, namely
chistosoma haematobium,  S. guineensis,  S. intercalatum, S. mansoni,
. japonicum and S. mekongi (Davis, 2009). Disease and transmis-
ion control strategies may  need to be adapted to combat the three
ajor causes of infection in man  by S. haematobium,  S. japonicum

nd S. mansoni in specific settings. Fortunately, all three species are
ensitive to praziquantel (Chen, 2005; Danso-Appiah et al., 2008;
iu et al., 2011), but key differences exist in transmission, disease
athology, occurrence of reservoir hosts, habitats of intermediate
ost snails and the age-pattern at which individuals are most likely
o become infected and resolve their infections.

In this article we will review schistosomiasis control interven-
ions and elimination efforts in endemic countries, taking into
ccount the idiosyncrasies of the three main human Schistosoma

pecies. We  emphasize that elimination must be seen as the
xtreme end of the control spectrum, and is not a new goal by
ny means, but simply one that now needs greater attention and
onsideration. Indeed, 10 years ago, Engels et al. (2002) reported
ca 128 (2013) 423– 440

that the World Health Organization (WHO) advocated a dual strat-
egy for the control of schistosomiasis: (i) a strategy for morbidity
control adapted to the public health context in high-burden areas
based on preventive chemotherapy using praziquantel (mainly in
sub-Saharan Africa), and (ii) an integrated control strategy in areas
where a low endemic level has been reached and elimination may
be feasible.

Still today, most countries in sub-Saharan Africa endemic for
schistosomiasis are not in a position to establish a country-wide
elimination programme due to high prevalence rates and trans-
mission potential. While elimination should be considered at the
country or national level, there may  be low prevalence areas within
each country where elimination could be achieved given adequate
resources and political commitment. In some countries, elimina-
tion of schistosomiasis is already the declared goal. Hence, although
morbidity control is likely to remain the main strategy in most
places, it is essential to ensure that adequate tools for transmis-
sion control and innovative surveillance-response mechanisms are
in place wherever elimination is to be achieved. Lessons learnt
from the successes and failures of past control and elimination pro-
grammes must not be ignored but rather used to help in guiding
future interventions.

Most importantly, and taking our lead from the excellent
example of the “Malaria Eradication Research Agenda” (malERA)
initiative, published in a special issue of PLoS Medicine (Alonso
et al., 2011), we feel that the time has come for the international
community to set an agenda for schistosomiasis elimination, to
develop strategies and tools that will drive forward this important
endeavour on a global scale. In so doing, we will be better pre-
pared to encourage global donors to go the ‘extra mile’ to ensure
evidence-based endpoints are achieved. We believe it is time to
strengthen the push towards schistosomiasis elimination and that
much can be achieved by linking past experiences and available
expertise from many different disciplines, such as biology, ecology,
economy, epidemiology, environmental and sanitary engineering,
geography, medicine, behaviour and the social sciences.

2. Know thine enemy

Schistosomiasis control and elimination are tasks of extraordi-
nary magnitude. Estimates suggest that an alarming 201.5 million
cases of schistosomiasis may  occur in Africa alone and that over
90% of all schistosomiasis cases are found in sub-Saharan Africa
(Steinmann et al., 2006; Utzinger et al., 2009). It is possible that even
these numbers are conservative estimates of the true situation, as
currently available diagnostic techniques are not sufficiently sen-
sitive to detect light infections (King, 2010) and there is a paucity
of georeferenced data for large parts of Africa (Schur et al., 2013).

Schistosomes are remarkable parasites and considerable foes
in that they are exquisitely adapted to their two-host life cycle,
which involves substantive population booms and crashes. They
undergo a development that allows genetic recombination, prodi-
gious egg laying and a long sheltered life of many years in the
definitive mammalian host. Short periods of time in the molluscan
intermediate host allow massive asexual multiplication to ensure
transfer to new definitive hosts and the successful continuation of
the life cycle. Adult worms are able to evade the immune response
of the definitive host and the larval stages escape the defence reac-
tion of molluscan hosts. The lack of an appropriate immunological
response to infection in children may  allow continual re-infection
even after treatment, the bane of preventive chemotherapy-based

morbidity control programmes.

Importantly, interventions must be tailored to the different
Schistosoma species, and hence take into account idiosyncrasies of
the three main species. For example, some 40 domestic and wild



D. Rollinson et al. / Acta Tropi

Box 1: Definition of key terms used in this manuscript,
adapted from Dowdle (1998) and Molyneux et al. (2004)
Control: Reduction of schistosomiasis incidence, prevalence
and intensity of Schistosoma infection, morbidity or mortal-
ity to an acceptable level as a result of deliberate efforts (e.g.
preventive chemotherapy). Continued intervention measures
are required to maintain the reduction.
Elimination as a public health problem: Reduction in the
prevalence of Schistosoma infection below a certain pre-set
threshold (e.g. less than 1% heavy infections) based upon
direct egg-detection methods in the school-aged population.
Continued intervention measures are required to prevent
resurgence of transmission.
Elimination: Reduction to zero of the incidence of Schistosoma
infection in a defined geographical area as a result of delib-
erate efforts. Active surveillance and response measures are
required to prevent re-establishment of transmission through
sporadic or introduced cases.
Eradication: Permanent reduction to zero of the global inci-
dence of human infections with Schistosoma species as a
result of deliberate efforts. Neither surveillance nor interven-
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tion measures are any longer required.

nimal species (most important are water buffaloes) may  act as
eservoir hosts of S. japonicum and indeed contribute to over 80%
f transmission (Wang et al., 2005), which adds an extra layer of
omplexity regarding control, let alone elimination. On the other
and, it offers an additional entry point for control, such as mech-
nizing of agriculture, fencing of water buffaloes and vaccination
Wang et al., 2009a,b; McManus et al., 2009, 2010).

Throughout their long evolutionary history, schistosomes have
ithstood the selection pressures imposed by the vagaries of cli-
ate and environmental changes and numerous fluctuations and

erturbations in the population size of their snail and definitive
ammalian hosts, including man. In modern times, many changes

n human social development have unwittingly favoured the par-
site and increased the chances of infection and the prevalence
f disease. The creation of freshwater sites via dam construction
nd irrigation, the close contact of human settlements to freshwa-
er, close living with potential reservoir hosts, large increases in
he size and density of human populations, coupled with greater
ependency on irrigated agriculture, have created environments

n which schistosomes have truly flourished and disease preva-
ence has soared (Southgate, 1997; Jobin, 1999; Steinmann et al.,
006; Rollinson, 2009). Hence, we need to be well aware that
ontrol interventions must exert strong and additional selection
ressures if these well-adapted and resilient parasites are to be
liminated.

. Towards schistosomiasis elimination endpoints

For the purposes of this article, key terms, such as control, elimi-
ation and eradication, have been defined and they are summarized

n Box 1.
The ultimate goal of all schistosomiasis intervention efforts

hould be the elimination of this infection, whilst maintaining a rich
nd diverse environment to provide essential ecosystem services
Stothard et al., 2009a). Elimination has in fact been achieved in
ertain epidemiological settings and control programmes in many
ndemic areas are now in the position to work towards elimination
fter they have successfully reduced morbidity caused by schisto-

ome infections. The countries at the fringe of endemic areas, or
hose experiencing high socio-economic development, are more
ikely to achieve elimination (Fenwick et al., 2006). The consid-
ration of local socio-cultural, economic and political factors is
ca 128 (2013) 423– 440 425

essential for the success of elimination programmes, as these fac-
tors will influence the application and acceptance of intervention
strategies (Aagaard-Hansen et al., 2009). In sub-Saharan Africa
in particular, socio-economic development is slow, and may  be
impeded by the political instability that arises at national levels
(Fenwick et al., 2009; Stothard et al., 2009a; Bonfoh et al., 2011).

While eradication of the three major schistosome infections
is many years away, those that might become the first targets
for eradication in the foreseeable future are S. guineensis and
S. intercalatum, two closely related parasite species in West and
Central Africa with limited distributions (Pagès et al., 2003). Despite
the extremely wide distribution of their intermediate snail hosts,
i.e. B. forskalii for S. guineensis and Bulinus globosus for S. inter-
calatum, the latter schistosome species is known to be present
only in the Democratic Republic of the Congo, whereas the former
species occurs in Cameroon, Gabon, Equatorial Guinea, Nigeria and
São Tomé and Principe. In the 1960s and 1970s, there were spo-
radic reports of S. guineensis infections from other countries such
as Angola, Burkina Faso, Central African Republic, Chad, Congo,
Mali, Senegal and Uganda but without subsequent confirmation
of active transmission foci, which suggests either that the parasite
has disappeared from these countries or infections were incorrectly
diagnosed (Tchuem Tchuenté et al., 2003). Studies in Cameroon
showed high dynamic changes in the epidemiology of S. guineen-
sis,  which is currently a species in decline. Noteworthy, in some
areas of Cameroon, S. guineensis has now been eliminated, e.g. the
town of Loum in the Littoral region (Tchuem Tchuenté et al., 1997)
and the village of Kinding Ndjabi in the Centre region of Cameroon
(Tchuem Tchuenté et al., 2001). Furthermore, a significant decrease
of S. guineensis transmission was observed from several other previ-
ous foci (Tchuem Tchuenté et al., 2003, 2012). This overall decrease
or cessation of S. guineensis transmission in Cameroon strongly
suggests the feasibility of its local elimination and supports the
idea that this species could be a target for eradication in the near
future.

Morbidity control through preventive chemotherapy (i.e. the
periodic use of anthelminthic drugs as a public health tool against
helminth infections) will remain the main task for most countries
in sub-Saharan Africa. To put this into some form of perspec-
tive, the World Health Assembly (WHA) resolution 54.19, adopted
in mid-2001, encouraged their endemic member states to annu-
ally deworm at least 75% of school-aged children who are at-risk
of morbidity due to schistosome and soil-transmitted helminth
infections. Since then, progress has been made in scaling up
schistosomiasis treatment, principally enabled by the Schisto-
somiasis Control Initiative (SCI), the United States Agency for
International Development (USAID) and most recently by the
Department for International Development (DFID), UK. Other
recent inputs in the fight against schistosomiasis include the dis-
tribution of praziquantel donated by Merck Serono, which was
initiated by WHO  in 2008. In 2009, WHO  received reports on
treatments from 21 out of the 76 (27.6%) endemic countries,
where a total of 19.6 million people were treated, represent-
ing a 7.8% increase above the number of people treated in 2008
(WHO, 2011). While this is an encouraging trend, the number of
people treated in 2009 was only 8.2% of the estimated number
of people infected with schistosomes. Moreover, in the frame-
work of preventive chemotherapy through control programmes,
people who may  have not been infected will have received
treatment. Sadly, due to the current shortage of praziquantel
(see http://www.who.int/neglected diseases/) and funding, many
endemic countries do not have sufficient drugs available or may
lack the capacity to deliver the drug to those in need, and in

many high transmission environments treatment of schistosomia-
sis in preschool-aged children is still overlooked (Hotez et al.,
2010).

http://www.who.int/neglected_diseases/
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. Interventions

The lifecycle of Schistosoma is such that there are four main tar-
ets for interventions: (i) kill the adult worms in man, which is
urrently achieved through praziquantel-based chemotherapy; (ii)
ill or replace the snail intermediate hosts by means of biologi-
al control (e.g. competitor snails and snail-eating fish), chemical
ontrol (i.e. mollusciciding) and environmental management; (iii)
revent the snails from getting infected, hence preventing con-
amination of the water by infected individuals, using information,
ducation and communication (IEC), sanitation and behaviour
hange; and (iv) stop humans from getting infected, by preventing
ontact with water containing infected snails or cercariae (achieved
hrough IEC and safe water supplies).

Simple control measures can ameliorate the schistosomiasis
urden in high prevalence areas, and can be implemented in all
ircumstances (WHO, 2002). The following control strategies are
ecommended in a recent WHO  report: preventive chemotherapy,
ntensified case management, vector control, and provision of safe

ater, sanitation and hygiene (WHO, 2010).

.1. Preventive chemotherapy

Praziquantel is the sole drug for treatment and morbidity con-
rol of schistosomiasis in sub-Saharan Africa (Fenwick et al., 2003;
oenhoff et al., 2009; Utzinger et al., 2011). Praziquantel is safe,
heap and effective against adult worms. Cure rates of up to 85–90%
ave been achieved, but complete cures (100%) have seldom, if ever,
een recorded in endemic areas (Doenhoff et al., 2009; Olliaro et al.,
011).

The large-scale administration of praziquantel to school-aged
hildren is the mainstay of current programmes focusing on mor-
idity control (Fenwick et al., 2009). Preventive chemotherapy
dministered via the school route has a big impact on helminth
nfections as it targets those at highest risk, and takes advantage
f the educational infrastructure and resources already in place
Miguel and Kremer, 2004). The disadvantages of this delivery strat-
gy are that there are inherent age and sex inequalities in children
ttending school, and that as many as 40% of children in sub-
aharan Africa may  not be enrolled in school. Table 1 summarizes
ountry-wide Schistosoma prevalence estimates for mid-2003 and
010, the number of people (mainly school-aged children) treated
hrough control programmes and health facilities in 2010 and the
ational treatment coverage achieved.

Treatment coverage is an important factor determining the
ffectiveness of control programmes emphasizing preventive
hemotherapy. Coverage can be improved by IEC campaigns, mobi-
ization and community participation (Smits, 2009). For example,
allo et al. (2008) investigated the effects of community-wide treat-
ent in the Philippines and found that participation in treatment

ampaigns is determined by individual factors, such as age, gen-
er and knowledge. The authors emphasize that active community

nvolvement including contributions from local authorities and vil-
agers, health education in schools, community-based education,
reparation and possibly incentives, are necessary to increase par-
icipation and coverage.

A problem of treatment adherence may  arise as people may
lternate between, or combine, treatments obtained through for-
al  healthcare providers and informal sources, such as traditional

erbalists. This is a function of the level of knowledge or educa-
ion of the patients, their knowledge of infection status, logistics of
ransport, and their anticipation of the quality and benefits of treat-
ent (Aagaard-Hansen et al., 2009). A more fundamental challenge
hat needs to be addressed at the individual and community level is
n understanding, especially in relatively low prevalence areas, that
here is a problem, i.e. that schistosomiasis exists in the community
ca 128 (2013) 423– 440

and is a health problem. In many settings, especially in regard to
S. mansoni infection, the level of the health problem is not appreci-
ated by those who  are infected or those around them. Very often,
people appreciate that they feel better upon treatment, but did not
realize prior to treatment that they were ill.

Even if full coverage was  possible, chemotherapy will reduce
pathology, but may  not adequately reduce transmission without
additional control measures (Lardans and Dissous, 1998; Urbani
et al., 2002). A single round of treatment in a highly endemic area
can result in an extended period of low transmission, but preva-
lence may  increase after initial successes (Smits, 2009). In some
endemic areas, once preventive chemotherapy is ceased, preva-
lence can return to baseline levels within 18 months to 2 years
(Gray et al., 2010).

King (2009) refers to large-scale treatment campaigns as a “stop-
gap measure”. Praziquantel does not prevent reinfection; hence
control programmes based solely on morbidity control will be nei-
ther completely effective nor sustainable. Moreover, some people
infected with immature worms  will be receiving the drugs, but will
not have parasite clearance, as praziquantel is not effective against
schistosomula older than two days (Sabah et al., 1986). Therefore
it is particularly important that treatment campaigns are timed
appropriately, i.e. in the low transmission season in areas where
transmission is seasonal (el Malatawy et al., 1992; Augusto et al.,
2009), and that the frequency of treatment is in line with WHO
recommendations according to infection prevalence and intensity
(WHO, 2006). Retreating people with praziquantel 2–8 weeks after
the first dose can increase cure and egg reduction rates in infected
populations and thus add a benefit to the health and quality of life
of people (King et al., 2011). However, another confounding fac-
tor impeding the success of preventive chemotherapy are so-called
“super spreaders”: people who are heavily infected, unreceptive to
health education messages, who  do not comply with treatment, and
who contaminate water bodies continually, therefore perpetuating
transmission, even in an area of high treatment compliance.

Environmental, cultural and social determinants of health are
all important in schistosomiasis transmission. Although large-scale
distribution of praziquantel has achieved significant reductions in
the global health burden of the disease and significantly reduced
egg excretion in some areas (Barakat et al., 1995; Zhang et al., 2007;
Touré et al., 2008), it has failed to break the transmission cycle in
other highly endemic communities (Curtale et al., 2010). Without
modification of transmission factors, the best that can be achieved
with preventive chemotherapy alone is a low equilibrium of trans-
mission and low level infection for an indefinite period of time;
without changes in transmission potential, adequate schistosomia-
sis control will not be achieved, let alone eliminated (King et al.,
2006). However, the example of S. mekongi in Cambodia demon-
strates that 8 years of annual treatments with praziquantel with
coverage between 62% and 86% had a dramatic impact on the dis-
ease prevalence with reduction to just three cases in 2005 and no
cases of severe morbidity (Sinuon et al., 2007). However, sustained
control efforts and rigorous surveillance are still required, partic-
ularly in view of remaining disease foci in neighbouring Lao PDR
(Muth et al., 2010; Sayasone et al., 2011).

At present, WHO  guidelines recommend to treat children once
every second year when prevalence is moderate (between 10% and
50%); at low prevalence (<10%), the recommendation is to treat
children twice during primary schooling, i.e. ideally upon entry and
again before children leave school (WHO, 2002). However, the lat-
ter are the very settings where the goal of a control programme
might be switched to elimination, in which case the need for tar-
geted treatments will undoubtedly be greater. In that respect, we
would like to raise the following three questions that a schistoso-

miasis elimination agenda might consider in relation to preventive
chemotherapy.
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Table 1
Schistosomiasis prevalence estimates (in mid-2003 and in 2010) and number of people treated in 2010, stratified by endemic country/territory.

Country Total population
(thousands) in 2010a

Estimated country
prevalence (%) of
schistosomiasis in
mid-2003b

Control programme Population
infected in
2010c

Reported
number of
people treated
in 2010c

National
treatment
coverage (%) in
2010c

Estimated country
prevalence (%) of
schistosomiasis in
2010

Africa
Algeria 35423 7.7 – <10*
Angola  18493 44.4 – 5317958 28.8
Benin  9872 35.5 MoHd; WHOe 3265981 364697 5.0 33.1
Botswana 1953 10.0 197757 10.1
Burkina Faso 16097 60.0 SCIf; USAIDg 4886012 4702956 36.1 30.4
Burundih 9553 13.3 SCI 1135848 11.9
Cameroon 19662 12.0 MoH; USAID 4531896 1048206 6.1 23.1
Cape  Verde 567 0 – Non-endemic
Central African Republic 4592 10.0 MoH; WHO  450595 222981 5.8 9.8
Chad  11715 22.5 – 4997975 42.7
Comoros 902 0 – Non-endemic
Congo  4011 34.2 – 1286624 32.1
Côte  d’Ivoirei 20375 40.0 MoH; SCI; WHO  8628298 42.4
Democratic Republic of the Congo 69010 28.2 – 19157807 27.8
Djibouti 877 <10.0 – Non-endemic
Equatorial Guinea 545 2.0 – 13868 2.5
Eritrea 5323 7.2 – 377288 7.1
Ethiopia 89566 7.1 – 6026639 6.7
Gabon  1390 45.5 – 682394 49.1
Gambia 1845 30.0 – 525220 28.5
Ghana  24890 72.5 MoH; USAID; WHO  17644805 1739837 7.2 70.9
Guinea 10028 25.8 – 2659149 26.5
Guinea-Bissau 1853 30.0 – 494214 26.7
Kenyah 40645 23.0 MoH; WHO  9396937 23.1
Lesotho 2044 <10.0 – Non-endemic
Liberiah 4311 24.0 SCI 984424 22.8
Madagascar 21299 55.0 MoH; WHO  11087896 834365 5.2 52.1
Malawi 15037 7.7 MoH; SCI; WHO  6725050 1682361 13.4 44.7
Mali  13506 60.0 SCI; USAID 3996931 4483715 42.1 29.6
Mauritaniah 3363 27.4 MoH; WHO  921902 27.4
Mauritius 1291 0.9 – <10*
Mozambique 22635 69.8 MoH; SCI; USAID; WHO  16326177 488359 2.6 72.1
Namibia 2157 0.6 – 13272 0.6
Niger  15791 26.7 MoH; SCI; USAID 2145350 2716775 21.4 13.6
Nigeria 158313 23.2 MoH; WHO  36728013 2297282 1.8 23.2
Rwandah 10601 5.9 SCI 610209 5.8
São  Tomé and Principe 165 3.8 – 6361 3.9
Senegal 13311 15.3 MoH; WHO  1966933 564684 5.5 14.8
Seychelles 88 0 – Non-endemic
Sierra  Leone 6185 59.5 MoH; USAID; WHO  3473610 1831383 35.6 56.2
Somalia 9486 18.0 – 1684548 8155 0.2 17.8
South  Africa 49278 10.8 – 5475080 11.1
Sudank 41230 14.9 Malaria Consortiuml 7845817 3841 0.01 19.0
Swaziland 1160 25.6 – 307153 26.5
Togo  7122 26.7 MoH; USAID; WHO  1703276 750508 13.8 23.9
Uganda 34040 20.4 MoH; SCI; RTIm 5407434 2655421 9.8 15.9
United  Republic of Tanzania 43542 51.5 MoH; SCI; IMAn 23189294 1298263 3.6 53.3
Western Sahara 530 – Not indicated*
Zambia  12625 26.6 MoH; SCI; WHO  3520541 129390 1.2 27.9
Zimbabwe 13760 40.0 – 5057616 36.8
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Table 1 (Continued)

Country Total population
(thousands) in 2010a

Estimated country
prevalence (%) of
schistosomiasis in
mid-2003b

Control programme Population
infected in
2010c

Reported
number of
people treated
in 2010c

National
treatment
coverage (%) in
2010c

Estimated country
prevalence (%) of
schistosomiasis in
2010

Asia
Indonesia 239600 <0.1 – 241 <0.01
Thailand 65125 0 – Non-endemic
Japan  127758 0 – Non-endemic
Cambodia 15224 0.1 MoH 15053 76731 94.8 0.1
P.R.  China 1351512 0.1 MoH 325824 2707865 100 0.02
Lao  PDR 6173 <0.1 MoH 32180 58432 54.0 0.5
Malaysia 27920 0 – Non-endemic
Philippines 93001 0.3 – 586811 530852 7.9 0.6
India  1220182 – <10*
Pakistan 173351 – <10*

Europe/Middle East
Egypt 79537 <3.0 – 253423 0.3
Iraq  30688 0.1 – 37572 0.1
Islamic Republic of Iran 74276 Eliminated – Non-endemic
Jordan  6453 <0.1 – Non-endemic
Lebanon 4227 Eliminated – Non-endemic
Libyan  Arab Jamahiriya 6530 5.0 – 327281 5.0
Morocco 32381 Transmission

interrupted
– <10*

Oman  2767 <0.1 – 132 1355 <0.01
Saudi  Arabia 26416 0.1 – 5249 0.02
Syrian  Arab Republic 21428 <0.1 – <10*
Tunisia  10664 Eliminated – Non-endemic
Turkey 77703 Eliminated – Non-endemic
Yemen  24475 14.6 SCI; World Bank 3535341 2124436 11.0 14.4

South  America
Antigua and Barbuda 88 0.1 – Non-endemic
Brazil  198982 0.8 – 6839814 39868 0.1 3.4
Dominican Republic 10191 2.9 – 301521 3.0
Guadeloupe 454 1 – <10*
Martinique 402 Eliminated – Non-endemic
Montserrat 6 Eliminated – Non-endemic
Puerto  Rico 4056 0.1 – <10*
St.  Lucia 171 <0.1 – <10*
Surinam 465 0.9 – 4732 1.0
Bolivarian Republic of Venezuela 29045 0.1 – 45238 1470 0.02 0.2

* Prevalence estimates derived from WHO  (2011).
a Population estimates derived from http://esa.un.org/unup/ (accessed 8 December 2011).
b Prevalence estimates for situation in mid-2003 mainly derived from Steinmann et al. (2006).
c Numbers derived from PCT database: http://www.who.int/neglected diseases/preventive chemotherapy/sch/db/index.html?units=minimal&region=all&country=all&countries=all&year=2010 (accessed 8 December 2011).
d MoH, Ministry of Health.
e WHO, World Health Organization.
f SCI, Schistosomiasis Control Initiative.
g USAID, United States Agency for International Development.
h Schistosomiasis control programme implemented; however, no treatment data available at PCT database.
i Côte d’Ivoire: schistosomiasis control initiated but temporarily interrupted due to armed conflict and war.
k Sudan: note that South Sudan got independent on 9 July 2011.
l Malaria Consortium is supporting South Sudan only.

m RTI: Research Triangle International.
n IMA: IMA  World Health.

http://esa.un.org/unup/
http://www.who.int/neglected_diseases/preventive_chemotherapy/sch/db/index.html?units=minimal&region=all&country=all&countries=all&year=2010
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What level of preventive chemotherapy (i.e. number, time and
frequency of treatments) should be introduced and to which tar-
get group (i.e. school-aged children or whole communities) to
reduce the incidence to near zero?
At what level of prevalence and intensity of infection in which
target group does preventive chemotherapy become unaccept-
able as a treatment strategy either from cost, ethical reasons or
compliance considerations?
Can sufficient praziquantel be made available and accessed in
health care centres to implement a case by case treatment regime
(treatment on demand)?

.2. Snail control

Snail control and/or changes in water use have been shown
o interrupt transmission in high-risk communities (King et al.,
006). The application of molluscicides may, however, be beyond
he scope or financial means of current control initiatives. That said,
nail control measures become highly important in settings where
ow transmission intensity has been achieved, but where infected
eople from other endemic areas might immigrate into and which

s hence prone to disease resurgence (Fenwick et al., 2006). In addi-
ion, intermediate host snail control is useful to enhance the impact
nd performance of preventive chemotherapy and case manage-
ent (WHO, 2010). It has been shown that the optimum time for

reventive chemotherapy is when there is no risk of reinfection
ith schistosomes, i.e. when the snails have been reduced and

ransmission is halted. Hence, it is sensible to reduce snail popula-
ions before undertaking a treatment campaign (Sturrock, 1995)
nd to carry out treatment during the low-transmission season
Augusto et al., 2009).

The molluscicide niclosamide has been found to be highly active
gainst all stages of the snail life cycle, as well as schistosome lar-
ae (McCullough et al., 1980). On the other hand, it is toxic to fish
nd thus has a negative impact on the environment and biodiver-
ity. Moreover, niclosamide is expensive, partly due to its limited
se, and does not prevent snails from recolonizing their original
abitats. However, if used in a highly focused manner, ecological
odelling indicates that niclosamide can be beneficial (Woolhouse

t al., 1998). Indeed, repeated mollusciciding can be effective in
he long-term management of snail populations (Sturrock, 1995;
ardans and Dissous, 1998; Fenwick et al., 2006), and hence has
layed a key role in the elimination of schistosomiasis in Morocco
nd Japan, and in control programmes in Egypt and P.R. China, as
iscussed in greater detail in Section 8.

Alternatives to synthetic chemical molluscicides for snail con-
rol include plant-based derivatives (e.g. endod), environmental

anagement to eliminate snail habitats, and biological control with
sh, ducks, crayfish, dominant trematodes and snail competitors
displacement, miracidial sponges). Such integrated snail control
ives leverage to further accelerate control programmes towards
limination.

An agenda for snail control interventions related to schistoso-
iasis elimination might consider the following points (also see
tzinger et al., 2005).

Development of new snail interventions and new cheap mollus-
cicides of plant and synthetic origins.
Malacological training for helminth control staff to enable iden-
tification of snails responsible for transmission and to identify

transmission sites.
Increased targeting of transmission sites using geographical
information systems (GIS) and remote sensing at high spatial
and temporal resolution. Since transmission of schistosomiasis is
ca 128 (2013) 423– 440 429

highly focal, to be effective and affordable, mollusciciding should
mirror this situation.

• Development of inexpensive, field-applicable diagnostic assays
for the large-scale screening of individual or pooled snails from
transmission sites to detect the presence of parasites.

• Greater focus on habitat changes by creating better links between
community leaders, health workers and engineers.

4.3. Hygiene, water and sanitation

Hygiene, water and sanitation have recently been phrased “the
forgotten foundations of health” (Bartram and Cairncross, 2010).
Indeed, access to and use of clean water and improved sani-
tation are essential in preventing re-emergence of helminthic
diseases after successful treatment campaigns (Asaolu and Ofoezie,
2003; Utzinger et al., 2003; Singer and Castro, 2007; Smits, 2009;
Ziegelbauer et al., 2012) and would also aid in combating numer-
ous other pathogens that are transmitted by the faecal-oral route.
A literature review published in the early 1990s documented a sub-
stantial reduction of schistosomiasis (77%) and a particular notable
impact on egg counts and thus disease severity due to improved
water supply and sanitation facilities (Esrey et al., 1991). Improve-
ments in water and sanitation often go hand-in-hand with a general
increase in economic development (Bergquist, 2001; Knopp et al.,
2013). Although improvement of access to safe water is imper-
ative, many authorities only pay lip service to that effect, and
such improvement is still hard to achieve in many parts of sub-
Saharan Africa. Indeed, the WHO  targets for safe water, sanitation
and hygiene are far from being met, and without access to clean
water, elimination of schistosomiasis will remain a distant goal
(WHO, 2010).

It must be noted, however, that better access to safe water and
sanitation does not necessarily impact favourably on schistosomia-
sis transmission, since many factors are involved in people’s choice
of water source for difference purposes. For example, provision of
latrines does not mean that they will be used as intended. People
may  fear them, or not use them if they are not convenient. Latrines
may  also be poorly maintained and so people will be less likely to
visit them (Aagaard-Hansen et al., 2009). Also, while latrines may
impact on the transmission of intestinal schistosomiasis, it remains
likely that they may  not have an equal impact on transmission of
urogenital schistosomiasis caused by S. haematobium.

While improved sanitation is central to sustainable control,
if water contact remains high, transmission is likely to persist
even if latrines are available (Rollinson, 2009). In relation to sch-
istosomiasis elimination, it is crucial to monitor and encourage
improvements in the provision of water and sanitation, as changes
in use of water may  have a considerable impact on transmission at
the local level. Intersectoral collaboration and community partici-
pation are essential for the design, implementation and long-term
monitoring of the impact and cost-effectiveness of hygiene, water
and sanitation interventions on schistosomiasis and a host of other
diseases (Holveck et al., 2007; Wang et al., 2009b).

4.4. Health education and behavioural change

Open water contact in most rural settings is inevitable; there-
fore a change in behaviour of the population is necessary to stop
the contamination of open water bodies with excreta. In theory, the
non-contamination of open water bodies is an easy and simple way
to stop transmission, but in practice it is very difficult to achieve,

even in the face of health education, and access to safe water and
sanitation (Jordan, 1985; Fenwick et al., 2006). Children will always
play in water and void their bladders, releasing S. haematobium eggs
into the environment. Similarly, despite sanitation and hygiene
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easures, eggs of S. mansoni may  remain on the perianal folds, so
roviding a transmission risk.

There is a need for greater and more comprehensive health edu-
ation for both children and adults to guide behavioural change,
specially in relation to reduction of water contact, to minimize the
isk of schistosomiasis transmission (Stothard et al., 2006, 2009b).
anitation hinges on health education, with active teaching meth-
ds focusing on personal hygiene (Lansdown et al., 2002; Nock
t al., 2006). Education has been found to impact health-seeking
ehaviour, which may  have an effect on prevalence of infection
Lansdown et al., 2002; Aagaard-Hansen et al., 2009). It also pro-
ides the impetus behind the success of deworming programmes,
reventing the contamination of the environment, and hence trans-
ission (Nock et al., 2006).
However, human behaviour is resistant to change, and

ehavioural modification will be achieved only with an increase
n the knowledge and understanding of schistosomiasis transmis-
ion in conjunction with an increase in standards of living (Fenwick
t al., 2006; Rollinson, 2009). Thus, although education has been
uccessful in promoting behavioural change, it may  have a limited
mpact on the prevalence or intensity of infection without access
o appropriate infrastructure. Health education should be relevant
o local knowledge and practices, and should be a “health com-

unication” dialogue, as opposed to “health instruction”, which is
ne-directional (Aagaard-Hansen et al., 2009).

Any agenda for schistosomiasis elimination must encourage
reater efforts and explore novel and innovative ways to change
uman behaviour as it relates to both water contamination and
ater exposure and thus reduce transmission of schistosomiasis.

he social–ecological contexts must be taken into considerations
nd the tools require careful development and validation for cul-
ural sensitivity.

. Diagnostics

Development and implementation of optimal methodologies for
iagnosis is crucial in all aspects of schistosomiasis control and high
ensitivity, as well as absolute specificity, will be needed as pro-
rammes shift their emphasis from control to elimination (Utzinger
t al., 2011). Evaluation of the efficacy of any intervention measures
nd the determination of resurgence require appropriate diagnostic
ools, which must adapt to changing control situations and objec-
ives (Bergquist et al., 2009). Initial disease surveillance must be
nhanced so that drug delivery can be focused (Stothard, 2009).

In the case of morbidity control, rapid identification of high-risk
ommunities with school-based questionnaires, microscopy and,
or urogenital schistosomiasis, with reagent strips suffices, as this
s generally accurate and cost-effective with regard to this objective
Bergquist et al., 2009; Brooker et al., 2009). However, transmission
ontrol requires more accurate and precise tests, especially in low
revalence areas. A low positive predictive value (sensitivity) will

mpede further progress in disease control, and hence elimination
Bergquist et al., 2009).

Microscopy to detect excreted schistosome eggs in urine and/or
aeces is direct and specific, it requires a minimum of tools (e.g.

icroscope and mainly reusable laboratory equipment) and well-
rained staff, but both may  be lacking in resource-poor settings
n rural Africa. Moreover, although considered the ‘gold’ standard
or the detection of schistosome infections in humans, microscopy

ay  miss infections, especially of those who are lightly infected or
here eggs got trapped in tissue, and in areas of low transmission
Doenhoff et al., 2004; Bergquist et al., 2009; Stothard et al., 2009c;
bironke et al., 2011). Indeed, when levels of excreted eggs fall
elow less than one egg per gram of stool (EPG) then present meth-
ds, e.g. Kato-Katz, will be very unlikely to capture this infection
ca 128 (2013) 423– 440

reliably, even when several stool samples are examined consec-
utively (de Vlas and Gryseels, 1992; Utzinger et al., 2001; Knopp
et al., 2011). Similarly, if only one S. haematobium egg is present
per 10 ml  of urine, it will be difficult to reliably detect S. haemato-
bium infection with the urine filtration method. It is not yet known
if this level of environmental contamination is more than sufficient
to ensure infection in local snail intermediate hosts.

Diagnostic tests based on antibody detection are highly sensi-
tive, but they are unable to distinguish past from current infections
and are relatively non-specific and prone to cross-reactions with
other antigens (Ross et al., 2002; Stothard et al., 2009c). In settings
targeted for elimination, positive antibody test results may  take an
indefinite period of time to convert to negativity after elimination of
infection (Abbasi et al., 2010). Also, antibody titres do not reflect the
intensity of infection (Doenhoff et al., 2004). However, in settings
targeted for elimination, longitudinal monitoring of antibody titres
in different age-groups can provide important information about
when young children are not exposed to Schistosoma anymore.

In contrast, current antigen testing is highly specific, but rel-
atively insensitive (Pontes et al., 2003). That said, Stothard et al.
(2009c) found that schistosome egg antigen (SEA)-enzyme-linked
immunosorbent assay (ELISA) can be used as a complementary
field-based method for monitoring infection, as it performs well
over a range of endemic settings and would be best applied to
monitor the incidence of ‘new’ infections in young children in
environments where transmission was thought to be interrupted.
Another method for the diagnosis of schistosomiasis is the detec-
tion of circulating anodic and cathodic antigens (CAA and CCA) in
blood or urine (Deelder et al., 1994). Rapid diagnostic tests detec-
ting CCA of S. mansoni are now readily available in dipstick or
cassette format. Since CCA are only released from living worms,
the rapid tests can be used to monitor the dynamics of existing
worm burdens, as well as clearance post-treatment. Recent stud-
ies carried out in different epidemiological settings of Côte d’Ivoire
and Kenya revealed that a single CCA performed on urine sam-
ples shows equal or even higher sensitivity for S. mansoni diagnosis
than multiple Kato-Katz thick smears obtained from stool samples
(Coulibaly et al., 2011; Shane et al., 2011).

Polymerase chain reaction (PCR)-based assays that are specific
and highly sensitive have been developed for the detection of schis-
tosome DNA in human excreta or sera and plasma (ten Hove et al.,
2008; Wichmann et al., 2009; Gomes et al., 2010; Ibironke et al.,
2011). However, they need further validation and standardization
before being routinely applied for diagnosis of schistosomiasis.
Moreover, their application requires expensive high-tech labora-
tory infrastructure and highly accurate handling of samples, kits
and equipment. Hence, PCR is a technique which might be use-
ful for individual patient management, but has limited broad-scale
field-applicability at the moment.

When approaching elimination, lower infection levels and the
insensitivity of current diagnostic techniques will lead to an inac-
curate picture of disease burden, which will threaten the success of
the programme (Utzinger et al., 2005; Bergquist et al., 2009). The
difficulties in detecting the ‘true’ prevalence of infection necessitate
the development of new techniques and algorithms for monitoring
and surveillance (Stothard et al., 2009c). Most importantly these
techniques have to be much cheaper than any of the presently avail-
able methods. To ‘prove’ that there are no new infections occurring
in areas targeted for transmission control or elimination, large pop-
ulation samples will have to be screened, and the repeated testing
of putative infected cases to exclude false positives also needs
to be factored in. Mathematical modelling can serve to predict
transmission patterns, show if the applied control measures are

appropriate, and indicate when elimination may be achieved, and
hence guide and support schistosomiasis control and elimination
programmes.
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. Monitoring and surveillance

Without monitoring and evaluation, one can expect no rea-
onable operational efficiency in a control programme, let alone
onger-term elimination efforts (Yekutiel, 1981; Brooker et al.,
004). There is a need for appropriate pre-control studies to define
he micro-epidemiology and transmission patterns of the disease,
nd collection of scientifically sound and au courant information
hat can be translated into feasible and adaptable guidelines (Savioli
t al., 2009).

Surveillance is essential, and diagnostic procedures must be
ufficiently sensitive to detect those individuals with low level
nfections (Fenwick et al., 2006; Bergquist et al., 2009). It is imper-
tive to know the true infection status of a community so that
ppropriate control strategies can be implemented. Also, in the
nd stages of a control programme with the emphasis shifting
owards elimination, rigorous monitoring and surveillance systems
re necessary to identify rapidly any disease resurgence that can
e immediately addressed by appropriate interventions. For this
urpose, highly sensitive diagnostic methods allowing the high
hroughput of large population or intermediate host snail sam-
les are necessary. In this respect, molecular approaches have been
eveloped for the detection of both S. haematobium-  and S. mansoni-

nfected snails (Hamburger et al., 1998, 2004; Abbasi et al., 2010).
olecular infection detection is more sensitive than the tradition-

lly applied cercarial shedding, as the latter method cannot pick
p prepatent infections and thus might underestimate true preva-

ence (Hamburger et al., 2001; Abbasi et al., 2010). In knowing the
nail species present and the level of infection, an area’s disease
revalence can be better assessed and areas at greater risk can be
ighlighted (Melo et al., 2006; Akinwale et al., 2011). Monitoring
he transmission potential (prepatent snails) may  aid in selecting
he most effective modes of targeting and timing chemotherapy,
s well as the application of additional snail control measures for
reventing infection and disease (King et al., 2006).

Ideally, malacological surveys should be undertaken, not only
o identify sites for focal mollusciciding, but also because the
nail–schistosome relationship is complex in both specificity and
ompatibility, with many factors determining the small-scale het-
rogeneities in disease transmission. These must be considered
hen focusing and improving control strategies at a local level

Rollinson, 2009).
For assessing the extent of schistosome infections in humans,

apid epidemiological appraisal via school questionnaires has been
alidated across a variety of ecological, epidemiological and socio-
ultural settings in sub-Saharan Africa for S. haematobium (Lengeler
t al., 2002a; Brooker et al., 2009). However, risk appraisal via ques-
ionnaires for S. mansoni does not perform so well (Lengeler et al.,
002b; WHO, 2002). Questionnaires on water contact patterns can
e useful to identify high-risk communities, as human behaviour

nterfaced with the environment will determine small-scale het-
rogeneities in schistosomiasis transmission (Utzinger et al., 2000;
udge et al., 2008).

Since schistosomiasis is highly focal, GIS and remote sensing can
e used to develop predictive risk maps for targeted control and so
etermine the optimum allocation of resources (Clements et al.,
009; Simoonga et al., 2009; Schur et al., 2013). The epidemiology
f the disease will shift over time as control interventions progress,
nd in response, strategies and targets will need to be adapted
Utzinger et al., 2009). Surveillance should prioritize the evalua-
ion of environmental risk, pinpointing transmission patterns at
he micro-geographical level. Complementary to this, question-

aires can be used in the identification of behaviour patterns. This
ill serve to focus control and improve the outcomes of inter-

entions (Rudge et al., 2008). In our view, there is a need for
nnovative surveillance-response approaches that will be able to
ca 128 (2013) 423– 440 431

readily identify remaining and/or re-emerging hot spots and under-
lying risk factors (e.g. identification of a child with blood in urine
due to S. haematobium and detection of contaminated freshwater
body where water contact occurred), followed by appropriate inter-
ventions that are tailored to the local context (e.g. treatment of child
with praziquantel, checking whether any other family members are
infected and focal mollusciciding of the identified freshwater body
where transmission occurred) (Knopp et al., 2013). The feasibil-
ity and cost-effectiveness of strengthening diagnostic capacity and
provision of praziquantel at primary health care level needs to be
determined as a means for surveillance of schistosomiasis in low
transmission areas.

7. Capacity building

Infrastructure development and poverty reduction are required
to eventually break the local transmission cycles of schistosomia-
sis (King et al., 2006). A lack of resources, inadequate capacity and
political commitment regarding schistosomiasis control can often
hinder progress especially in sub-Saharan Africa (Utzinger et al.,
2003). Furthermore, a national financing capacity is essential for
sustainability of control programmes (WHO, 2002).

It is widely acknowledged that community involvement and
capacity building are imperative for successful control and elim-
ination (Ndekha et al., 2003; Parker et al., 2008; Aagaard-Hansen
et al., 2009). Control and elimination activities will work best
where intersectoral collaborations between health, education and
water sectors for development and planning are in place to pri-
oritize needs and to allocate financial resources (Holveck et al.,
2007; Aagaard-Hansen et al., 2009). Currently the connection
between vertical control programmes centred on morbidity con-
trol, and strategies based on clean water and sanitation is absent
or insufficiently developed. To remedy this, it is necessary to
take an intersectoral approach, with advocacy and action from
local communities and the health community to foster cooperative
ventures with engineers, the private sector, governments and non-
governmental organizations (NGOs) specialized in water supply
and sanitation (Singer and Castro, 2007; Utzinger et al., 2009).

Integration is of vital importance to both control and elimi-
nation campaigns: there must be improved communication and
collaboration between donors and international programme man-
agers, improved communication between decision makers in the
Ministry of Health (MoH) and national disease control programme
managers, NGOs, and international agencies, strengthened health
systems and linked control efforts within health sector frameworks,
and lastly a synergy of interventions (Fenwick et al., 2006).

Partnerships must be fostered that seek solutions for imple-
mentation and translation into policies adaptable to different
social-ecological settings. Also the mobilization of resources and
involvement of committed partners around a common objective
must be promoted (Savioli et al., 2009). Institutional partnerships
should and can be strengthened through the establishment of
enduring infrastructure for research (Stothard et al., 2009a).

8. Lessons from successful schistosomiasis elimination

Although schistosomiasis continues to be a public health prob-
lem, particularly in sub-Saharan Africa, and there are signs of
disease (re-)emergence due to major demographic and ecological
transformations, incidence has been reduced in many countries,
and local elimination has been achieved in some countries. It is

important to review experiences from successful past elimina-
tion efforts, as the lessons learnt can shape the contemporary
schistosomiasis elimination agenda. Fig. 1 shows a world map,
highlighting those countries where schistosomiasis elimination
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Table 2
Key features of past successful schistosomiasis control and elimination programmes, stratified by country and/or territory.

Country, territory Time period Parasite Intermediate host snail Control strategy Reference(s)

St. Kitts 1945- S. mansoni Biomphalaria spp. Snail control (biological control (competitor snails), chemical control (molluscicides)) and
environmental management

Ferguson et al. (1960)

Martinique and
Guadeloupe

n.d. S. mansoni Biomphalaria spp. Snail control (biological control (competitor snails)) Pointier and Jourdane
(2000)

St. Lucia and other
Caribbean islands

1966–1981 S. mansoni Biomphalaria spp. Snail control (mollusciciding), morbidity control (chemotherapy) and provision of safe water
supplies for households and communities. Subsequently, integrated control (combination of
aforementioned interventions whenever appropriate, coupled with health education)

Jordan (1985)

Brazil 1975–1993 S. mansoni Biomphalaria spp. Morbidity control (preventive chemotherapy using oxaminquine), health education, water
supply and sanitation. Additionally, limited snail control (chemical control using
niclosamide)

Katz (1998); WHO
(2009); Sarvel et al.
(2011)

1993- Control programme decentralized and integrated into primary health care system. Case
detection and treatment campaigns in endemic areas: early detection and treatment of
carriers, search for and control of intermediate host snails, health education and sanitation

WHO  (2009); Reis et al.
(2010)

Venezuela First control efforts:
1920s
Control programme
started in 1943

S. mansoni Biomphalaria glabrata Snail control (chemical control using molluscicides) and environmental management;
occasionally chemotherapy and health education. Later, biological control (competitor
snails)

Alarcon de Noya et al.
(1992); Alarcón de
Noya et al. (1999)

Saudi Arabia n.d. S. haematobium and
S. mansoni

Bulinus spp. and
Biomphalaria spp.

Vertical programme consisting of case detection and treatment (praziquantel) and snail
control (chemical) and environmental management

Al Ghahtani and Amin
(2005)

Morocco 1970s- S. haematobium Bulinus spp. Four-pronged control strategy: (i) annual screening and treatment of humans, including
increased intensity of case detection in health centres and by mobile teams; (ii)
transmission control (mollusciciding and environmental management); (iii) health
education and community participation; and (iv) intersectoral collaboration (health,
agriculture, education and administration)

Laamrani et al. (2000);
Amarir et al. (2011)

Tunisia 1970s- S. haematobium Bulinus truncatus Control programme focussed on mollusciciding, treating all infected people and was linked
to efforts to improve water resources and agricultural infrastructure. Last autochthonous
cases occurred in 1981–1982 but risk of reintroduction remains

WHO  (2009)

Egypt 1976 S. mansoni and
S. haematobium

Bulinus truncatus and
Biomphalaria
alexandrina

Case detection and treatment, supplemented by focal mollusciciding EMRO/WHO (2007)

1997 Preventive chemotherapy using praziquantel, along with focal mollusciciding using
niclosamide

EMRO/WHO (2007)

2003 Implementation of annual monitoring surveys EMRO/WHO (2007)
2010 Multisectoral approach, integrating sanitation, environmental interventions and health

education into preventive chemotherapy campaigns, thus ensuring mobilization of all
stakeholders

Curtale et al. (2010)

Mauritius 1988- S. haematobium Bulinus cernicus Control programme focussing on screening for microhaematuria and/or eggs in urine, health
education and mollusciciding. Treatment of all positive cases, health education,
improvement in water supplies and living standards. Socio-economic development, with a
change from a sugar/irrigation-based economy impacted on schistosomiasis transmission

Dhunputh (1994)

Islamic Republic of
Iran

1959- S. haematobium Bulinus truncatus Nationwide health care project comprising public health education, environment
decontamination, case finding, screening and chemotherapy

Mombeni and
Kheradmand (2005)

Japan 1950–1990s S. japonicum Oncomelania spp. Nationwide, interdisciplinary, multisector public health campaign to combat parasitic
diseases, including S. japonicum and soil-transmitted helminthiasis. In 1977, schistosomiasis
was  declared eliminated. Active surveillance for infected snails was maintained until the
early 1990s. Interventions included active case detection and large-scale treatment, lining
canals with cement, drainage and filling swamps, mollusciciding, and an improvement in
standards of living

Kasai et al. (2007);
Takeuchi et al. (2007);
Kojima et al. (2007)

P.R. China Late 1940s- S. japonicum Oncomelania spp. Transmission control targeting intermediate host snail, using chemical molluscicides and
environmental management and involving large-scale community participation.
Interventions targeting domestic reservoir animals (e.g. mechanization of agriculture,
fencing of water buffaloes and vaccination)

Utzinger et al. (2005);
Wang et al. (2008,
2009a,b); McManus
et al., 2009, 2010)
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Fig. 1. World map, highlighting countries where schistosomiasis has been eliminated (green colour), is close to elimination (yellow colour) or where national control
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ontrol  programmes have yet to be implemented. Hatchures indicate countries w
atchures) and high schistosomiasis endemicity (prevalence >50%; crossed hatchur

as been achieved (green colour), or where the goal of elimina-
ion is being targeted (yellow colour). Highlighted using orange
olour are those countries where national schistosomiasis con-
rol programmes are in place or at least some level of preventive
hemotherapy using praziquantel is being implemented. Countries
ighlighted in red are those where no or only very limited efforts are
urrently in place for schistosomiasis control. Moreover, countries
re stratified into low (<10%), moderate (10–50%) or highly endemic
or schistosomiasis (>50%). Table 2 summarizes key features of past
uccessful schistosomiasis control and elimination programmes,
tratified by country and/or territory.

.1. St. Lucia and other Caribbean islands

In 1902 Sir Patrick Manson reported finding lateral-spined schis-
osome eggs in the stool of a 38-year-old man  who  had previously
ived in St. Kitts and Antigua (Manson, 1902). Further surveys
howed that while schistosomiasis had been a significant health
roblem in St. Kitts by the mid-1940s, the disease had naturally
eclined and snail habitats had been considerably reduced by con-
truction of aqueducts, chemical treatment and the introduction
f competitor snails (Ferguson et al., 1960). In Martinique and
uadeloupe, disease in people has been eliminated from previ-
usly endemic areas and biological control using competitive snails
as played a role in the reduction (Pointier and Jourdane, 2000).
owever, there needs to be confirmation of the absence of sch-

stosomiasis in other countries in the Caribbean, such as in the
ominican Republic and Puerto Rico where the disease was for-
erly present (Schneider et al., 2011).
In St. Lucia many distinct valleys and watersheds result from its

entral mountain range and in the late 1960s and early 1970s the
verall prevalence of intestinal schistosomiasis due to S. mansoni
n some valleys was greater than 50%. The St. Lucia Research and
ontrol project (a joint project of the MoH  of St. Lucia and the Rocke-
eller Foundation) was therefore instigated between the years 1966
nd 1981 to evaluate the effects of different interventions on trans-
ission of intestinal schistosomiasis and their benefits in various

ituations, so that resource-poor countries would have a rational

asis to design an appropriate strategy of attacking their own para-
ites and intermediate hosts. Based on prior surveys, three intensive
trategies were planned on this Caribbean island, designed
o have the maximum impact, namely (i) mollusciciding; (ii)
. Marked in red are countries where schistosomiasis is endemic, but where national
ow (prevalence <10%; pointed hatchures), moderate (prevalence 10–50%; dashed

chemotherapy; and (iii) provision of safe water supplies for
households and communities. Combinations of interventions were
implemented where appropriate. A recommendation was  that mol-
lusciciding should be used in conjunction with chemotherapy, and
also with the provision of safe water, especially in areas of high
transmission (Jordan, 1985).

With regard to snail control, the first strategy was blanket mol-
lusciciding, followed by surveillance to detect snails and finally
rapid retreatment of the area if recolonized. This strategy was  found
to reduce significantly the prevalence of schistosomiasis. Following
on from this intervention, a more focal, and hence less expensive,
method of mollusciciding was  adopted, in concert with two  inten-
sive preventive chemotherapy campaigns. These actions further
reduced the prevalence of S. mansoni infections. It was also found
that in individual households provided with piped water and in
communities with laundry and shower facilities, and if the people
had been educated on their proper use and why  they are prefer-
able to natural water bodies, exposure to infection could be reduced
and the resurgence of transmission prevented (Jordan, 1985). How-
ever, between 1995 and 2007 a total of 106 S. mansoni cases have
been reported, with an incidence rate of six cases per 100,000 in
2007 (PAHO/WHO, 2007). In 2010, a limited school-based study,
enrolling 550 children in three villages revealed four active infec-
tions, for a prevalence of 0.6% (Kurup and Hunjan, 2010). This
example shows that long-term surveillance and monitoring and
continued application of control measures are essential to achieve
complete elimination.

8.2. Brazil

The Brazilian schistosomiasis control programme was  planned
in the 1970s, with the main objective to reduce hepatosplenic
schistosomiasis due to S. mansoni infection. In 1975, the Spe-
cial Programme for Schistosomiasis Control was introduced in six
north-eastern states of Brazil (Katz, 1998). This vertical programme,
implemented from 1976 to 1979, integrated mass treatment with
oxaminiquine in all communities with prevalences above 50%,
health education aimed to prevent the disease, construction of san-

itary facilities and provision of potable water in every municipality
(WHO, 2009). Control of the intermediate host snail with mol-
luscicides was, at that time, limited due to environmental laws.
However, to some extent and irregularly, mollusciciding using
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iclosamide was applied as intervention strategy (Sarvel et al.,
011). Since 1993, the schistosomiasis control programme (SCP)
as undergone decentralization and has been integrated into the
rimary health care system, with the focus on improving access
o diagnostic services, treatment and health education (Reis et al.,
010). Objectives of the SCP are to reduce mortality and mor-
idity, to reduce prevalence in hyper-endemic areas, to prevent
nd reduce the spread of schistosomiasis and to eliminate schis-
osomiasis in isolated areas with low intensity transmission (Katz,
998; WHO, 2009). Control measures include the early detection
nd treatment of carriers, the search for and control of inter-
ediate host snails, health education to the at-risk population,

nd sanitation procedures to change household and environmen-
al factors that favour transmission (WHO, 2009). In non-endemic
reas, cases are detected in primary health care units, and in
ndemic settings through surveys conducted by the SCP. Cases
re reported through the national notifiable diseases information
ystem and registered in the information system of the SCP. The
pplied measures were able to control morbidity but transmis-
ion of schistosomiasis persists in vast areas of Brazil. As a result
f the decentralization, health seeking behaviour has changed
nd access to diagnosis and treatment has been weakened in
ome rural populations (Reis et al., 2010). In the surveys con-
ucted by SCP, the S. mansoni prevalence decreased from 23%
o 6% between 1977 and 2005. Today, elimination of schistoso-

iasis seems feasible in five of 14 states of the country (WHO,
009).

.3. Venezuela

The first human case of schistosomiasis in Venezuela was  dis-
overed in 1905. Control efforts were launched in the early 1920s,
hereas a formal schistosomiasis control programme, institution-

lized within the MoH, was put in place in 1943. It was then
stimated that the schistosomiasis-endemic area covered an area of
5,000 km2, there were 70,000 human cases and the prevalence of
. mansoni in the endemic area was 14%. In 1984, the ‘Schistosomia-
is Research Group’ (SRG) was born, bringing together researchers
nd interested people related to the schistosomiasis control pro-
ramme. By 1996, the prevalence of S. mansoni infections in the
ndemic area fell to 1.4%. However, it has been suggested that
he true prevalence may  be underestimated, and that those people
xcreting less than 100 EPG may  be maintaining foci and impeding
he impact of control measures to achieve elimination (Alarcón de
oya et al., 1999).

The control programme initially focused on elimination of the
nail intermediate hosts with chemical molluscicides and sani-
ary engineering, the latter aimed at reducing human contact with
ontaminated water. In addition, there was occasional health edu-
ation and drug administration. Diagnosis, initially, was based
n stool examinations, but since the early 1980s, was  gradually
eplaced by serology and follow-up stool examination of sero-
ositive individuals. Treatment was either selective or given en
asse, based on coprological and serological findings. Despite the
arked reduction in the prevalence of S. mansoni infection, the size

f the endemic area remained unchanged (Alarcón de Noya et al.,
999). Moreover, there was an increase in the transmission risk in
ome areas, due to the adaptation of the intermediate host snail,
iomphalaria glabrata, to sub-urban environments and other areas
utside of the original endemic area (Alarcon de Noya et al., 1992).
o counter this, competitor snails (i.e. Melanoides tuberculata and

hiara granifera) were introduced to some areas as a method of bio-
ogical control and it was indeed found that Biomphalaria spp. were
educed or even eliminated in certain environments (Alarcón de
oya et al., 1999).
ca 128 (2013) 423– 440

8.4. Saudi Arabia

Both urogenital and intestinal schistosomiasis have been
reported in Saudi Arabia, although the distributions do not appear
to overlap. Epidemiological surveys conducted in the 1970s,
revealed that both S. haematobium and S. mansoni were endemic
in 12 regions, with prevalences reaching 40% in some areas
(EMRO/WHO, 2007). The highest rates of infection were found
in the Aseer region (Shati, 2009). The initial programme to con-
trol schistosomiasis in Saudi Arabia was vertical, based on case
detection, morbidity control (treatment with praziquantel), chem-
ical snail control and environmental management. Eventually, the
programme was  integrated into the primary health care system,
resulting in increased coverage and maintenance of low infection
prevalence (Al Ghahtani and Amin, 2005).

Snail control was  guided by the local epidemiology of the dis-
ease in humans, and was supported by identification and regular
treatment of snail-infected water bodies as well as treatment of
those infected. With socio-economic development came improved
sanitation and water supplies, medical care and health education,
the combination of which led to the interruption of transmission
of S. haematobium in the Jazan region of Saudi Arabia (Al Ghahtani
and Amin, 2005).

However, migration from endemic neighbouring areas accounts
for new cases of both urogenital and intestinal schistosomiasis
in the absence of cross-country control programmes. To remedy
this problem, cross-border collaboration is necessary, with regu-
lar long-term surveillance to detect and treat any new or residual
infections (Al-Madani and Mahfouz, 1997; Al Ghahtani and Amin,
2005). In 2005, a national programme for elimination of schisto-
somiasis was initiated in the 12 endemic regions and, in 2007, six
regions were believed to be schistosomiasis free. The strategy for
disease elimination in the remaining regions entails active case
detection and treatment by examining 80–100% of the endemic
population (annually) and schoolchildren (twice a year), access
to safe drinking water and good sanitation to endemic communi-
ties, snail control and health education through different channels
(EMRO/WHO, 2007).

8.5. Morocco

In Morocco, the first cases of S. haematobium were discovered
in 1914 and urogenital schistosomiasis has been a problem in the
southern parts of the country since then. In the face of large water
resource development projects, starting in the late 1960s, urogen-
ital schistosomiasis spread to new foci in central and northern
Morocco. Consequently, in the early 1970s, an integrated control
programme was  launched, which became fully operational in 1982.
A four-pronged control strategy was employed, consisting of (i)
annual screening and treatment of humans free of charge, includ-
ing increased intensity of case detection in health centres and by
mobile teams; (ii) transmission control by means of mollusciciding
and environmental management, depending on the ecological set-
ting; (iii) health education and community participation; and (iv)
intersectoral collaboration with involvement of services for admin-
istration, health, agriculture and education, at local and provincial
levels (Laamrani et al., 2000; Amarir et al., 2011).

Sustainability and compatibility with other health programmes
was ensured, as all staff and facilities were part of the regular
resources of the local and provincial health services, and having
provincial health authorities with a national programme team in a
consultative role. However, there was  a decrease in motivation and

compliance of both the population and the health workers with a
decrease in perceived risk, and thus the risk of resurgence. To rec-
tify this, an information campaign was  introduced, and the intensity
of activities for the remaining foci was  stepped up (Laamrani et al.,
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000). Moreover, in the mid-1990s, the MoH  announced its plan for
chistosomiasis elimination. Large-scale serological surveys con-
ucted between 2005 and 2009 revealed an interruption of disease
ransmission at the national level, with only very few residual cases.

 serological survey carried out in mid-2009 on more than 2000
hildren, aged 1–16 years, who were selected in the remaining
isease-endemic foci, found no S. haematobium-specific antibodies

n any of the serum samples. Hence, schistosomiasis transmission
as been interrupted within the last disease endemic foci (Amarir
t al., 2011).

.6. Tunisia and Algeria

Both countries were previously associated with urogenital
chistosomiasis (Doumenge et al., 1987). However, there were rel-
tively few foci in Algeria and it is not clear whether there have
ver been active campaigns to address schistosomiasis in this coun-
ry. In Tunisia, on the other hand, the government decided already
n 1969 to eliminate schistosomiasis (WHO, 2009). The transmis-
ion of S. haematobium was restricted to a few oases, where the
ntermediate host snail, Bulinus truncatus, occurred. The schisto-
omiasis control programme in Tunisia was implemented from
970 onwards and aimed to control and interrupt transmission by
sing molluscicides and treating all infected people (WHO, 2009).
oreover, it was linked to efforts to improve water resources

nd agricultural infrastructure. Today, Tunisia is considered to
ave eliminated schistosomiasis, and the last autochthonous cases
ccurred in 1981–1982 (WHO, 2009). Noteworthy is that a natu-
al shortage of surface water limits snail habitats and water contact
ut irrigation for agriculture can create new habitats for B. truncatus
nd so the risk of reintroduction remains. Imported S. haematobium
ases are annually reported in Tunisia (Ben Hariz et al., 2007).

.7. Egypt

For the MoH  in Egypt, schistosomiasis control has high prior-
ty. Before the national schistosomiasis control programme (NSCP)
tarted in 1976, the prevalence of the disease was  estimated to
e around 40% (EMRO/WHO, 2007). The NSPC was based on case
etection and treatment. By 1989, the provision of free praziquantel
reatment through government health facilities to those infected
ith S. mansoni or S. haematobium was initiated (EMRO/WHO,

007). Chemotherapy was often supplemented with focal mollus-
iciding to control intermediate host snails. Following a ministerial
ecree, from October 1997, it was authorized that praziquan-
el could be distributed regardless of infection status to endemic
opulations. Since the late 1980s, more than 50 million doses of
raziquantel have been administered and these treatment cam-
aigns, along with focal mollusciciding using niclosamide, greatly
educed prevalence. Between 1988 and 2001, the prevalence of
. mansoni dropped from 16.4% to 1.6%, and that of S. haematobium
as reduced from 11.9% to 1.3% (El Khoby et al., 1998; Fenwick

t al., 2003). In 2003, a more targeted approach was  adopted, based
n annual monitoring surveys. Although more complicated and
xpensive, it further reduced the prevalence of infection. In 2006,
he overall prevalence in Egypt dropped to <3%, but hot-spot trans-

ission sites with prevalences of about 10% still exist (EMRO/WHO,
007). The control efforts have not halted transmission, and only

f the programme is continued, perhaps for another 10–20 years,
limination might be achieved and certified (Curtale et al., 2010).

The new plan of action is a multisectoral approach, integrating
anitation, environmental interventions and health education into

reventive chemotherapy campaigns, thus ensuring mobilization
f all stakeholders. The ultimate goal is comprehensive primary
ealth care and improvement in living conditions, to raise sanita-
ion as well as social and economic standards in infection hotspots,
ca 128 (2013) 423– 440 435

and so to stop transmission (Curtale et al., 2010). It is hoped that
the current socio-political changes will not negatively impact on
schistosomiasis and other helminthic diseases.

8.8. Mauritius

For many years, urogenital schistosomiasis was  associated with
certain areas of Mauritius where the intermediate snail host Buli-
nus cernicus was found (Rollinson and Wright, 1984). Until 1988,
the disease was  mainly managed in hospitals and associated insti-
tutions. Subsequently, a special control programme, focussing
on screening for microhaematuria and/or S. haematobium eggs
in urine, health education and mollusciciding was  implemented
(Dhunputh, 1994). The disease began to decline already in the
early 1980s and no cases of S. haematobium were observed by egg
detection in schoolchildren in 1991. The successful treatment of all
positive cases with praziquantel, health education, improvement
in water supplies and living standards together with a decline in
snail populations are all believed to have played a role in the decline
(Dhunputh, 1994). Socio-economic development, with a shift away
from a sugar/irrigation-based economy also had an impact on sch-
istosomiasis transmission.

8.9. Islamic Republic of Iran

First attempts to control urinary schistosomiasis in the Islamic
Republic of Iran were started in 1959 and control measures, includ-
ing anti-schistosomal treatment, improvement of the sanitary
infrastructure, environmental measurements and focal mollusci-
ciding, were implemented from 1968 onwards (Massoud et al.,
1969, 1982). The prevalence of S. haematobium infection declined
from 8.3% in 1970 to 0.7% in 1979 (Massoud et al., 1982). Stud-
ies in Khuzestan province have shown that S. haematobium can be
eliminated by the provision of a nationwide health care project
comprising public health education, environment decontamina-
tion, case finding, screening and chemotherapy (Mombeni and
Kheradmand, 2005). In a follow-up study, Gholamreza et al. (2008)
were unable to find any infected urine out of 3400 specimens
examined and also suggested that total elimination of urogeni-
tal schistosomiasis would be possible if the health authorities in
neighbouring areas can be persuaded to adopt a similar strategy of
integrated control. The plan for the future is to continue monitoring
transmission, by passive surveys in local health centres and active
case-finding among schoolchildren, and to continue surveillance,
including snail sampling and focal mollusciciding, if required.

8.10. Japan

At the end of World War  II, the health indicators in Japan
were similar to those seen in developing countries today, with a
high burden of communicable diseases and many people lacking
access to basic health facilities and services (Takeuchi et al., 2007;
Ikeda et al., 2011). In 1950, the Japanese government launched a
nationwide, interdisciplinary, multisector public health campaign
to combat parasitic diseases, which reduced the prevalence of
S. japonicum and soil-transmitted helminth infections dramatically.
Indeed, in 1977, schistosomiasis was declared eliminated (Kasai
et al., 2007; Takeuchi et al., 2007). It is important to realize that
even though declared eliminated, active surveillance for infected
snails was maintained in formerly high transmission areas until
the early 1990s. Interventions against schistosomiasis included

active case detection and treatment, lining canals with cement,
drainage and filling swamps, mollusciciding, and an improvement
in standards of living (Kojima et al., 2007). Parasite research and
control programmes were priorities in Japan, and there was close
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ollaboration between researchers and disease control managers.
ndeed, research continually informed policy (Kasai et al., 2007).

Also crucial to the control programmes was the close col-
aboration between the education and health sectors. Schools

ere targeted for deworming, and health education was pro-
ided by schoolteachers and supported by researchers. This school
ealth-based approach allowed access to the community, which
hen led to empowerment (Kojima et al., 2007; Kasai et al.,
007).

What can be learned from Japan’s engagement in communicable
isease control in general, and schistosomiasis control in particular,

s the importance of a comprehensive and coordinated programme,
ith the cooperation of voluntary organizations, national and local

overnments, and the private sector in educating, motivating and
ngaging communities, with scientists involved at every stage and
hus informing policy (Kojima et al., 2007). Moreover, continued
igh level surveillance is mandatory after the accomplishment of
limination.

.11. P.R. China

As was the case in Japan, schistosomiasis in P.R. China is caused
y infections with S. japonicum.  Intermediate hosts are Oncomela-
ia snails, which are amphibious and so can colonize many habitats,

ncluding lakes, marshes and microhabitats in hilly and mountain-
us areas (Wang et al., 2008). S. japonicum infections are zoonotic
ith a wide range of mammalian reservoirs, the most important

ne being water buffalo, which can contribute to up to 90% of egg
ontamination in an area (McManus et al., 2009). Schistosomia-
is is recognized as a public health problem in P.R. China, and its
ontrol has received sustained commitment of the central govern-
ent since the late 1940s (Utzinger et al., 2005; Wang et al., 2008,

009a,b).
Between the 1950s and the 1980s, efforts focused on trans-

ission control targeting the intermediate host snail, using
olluscicides and environmental management of Oncomelania

abitats, which involved large-scale community participation. Con-
equently, as snail habitats were reduced, so were human infection
ates (Wang et al., 2008, 2009a). Snail control was and continues to
e an integral part in the control of schistosomiasis and interruption
f transmission in P.R. China (Utzinger et al., 2005).

In the 1990s with the World Bank Loan Project (WBLP), the
ethodology shifted to morbidity control with praziquantel and

ealth education in line with WHO  guidelines (Utzinger et al.,
005; Wang et al., 2008). However, after WBLP terminated, con-
rol efforts were reduced, and because WBLP did not permanently
hange all snail habitats, schistosomiasis re-emerged (Zhou et al.,
005). Consequently, control efforts were identified, implementing
n integrated programme with the declared goal to reduce infec-
ion prevalence among humans in all endemic areas to below 1%
Wang et al., 2009a,b).

The positive points of P.R. China’s schistosomiasis control pro-
ramme  are (i) the sustained, multifaceted national strategy,
dapted to different social–ecological systems (Utzinger et al.,
005); (ii) periodic policy reviews to keep the control strategy on
rack with changing field realities, and adaptation of approaches
o prevailing economic, epidemiological and socio-political con-
itions (Wang et al., 2009b); and (iii) sufficient flexibility in the
pproach so that it can be revised and adapted as new evidence is
evealed and the needs of the control programme change (Utzinger
t al., 2005; Wang et al., 2009a).
A lesson to adopt from P.R. China’s schistosomiasis campaign
s the continued commitment by the relevant authorities, sup-
orted by local resources leading to stewardship and responsibility
f the local population, the coordinated efforts of dedicated health
ca 128 (2013) 423– 440

workers, communities and the government being central to success
(McManus et al., 2009; Wang et al., 2009b).

9. Developing an agenda for schistosomiasis elimination

As reviewed in the previous section, elimination of schistoso-
miasis is possible and, also if not fully documented or certified,
extremely low levels of transmission have been achieved in certain
areas or countries for each of the three major species: S. man-
soni in the Americas, S. haematobium in Africa and S. japonicum in
Asia. The examples of successful control programmes show that
elimination of schistosomiasis requires a concerted effort and full
integration of preventive chemotherapy with the tools of trans-
mission control. Moreover, control programmes must be flexible
and adaptable, and must be tailored to local conditions, taking into
account the relative importance of behaviour and environment to
local patterns of infection. Most importantly, there is now ample
evidence to show that schistosomiasis elimination is an achiev-
able and desirable goal. It is clear that once control of morbidity
has been achieved by chemotherapy, the focus must shift to curb-
ing transmission rates with a view to elimination (Savioli et al.,
2009) using additional interventions in conjunction with treatment
programmes.

The prerequisites for schistosomiasis control and elimination
include recognition of the public health importance of the disease
by both those infected and those in authority, together with the
political will and commitment to use local resources, plus a readily
available public health infrastructure for the delivery and main-
tenance of interventions (Engels et al., 2002; Utzinger et al., 2003;
Wang et al., 2008), together with a combination of biomedical, edu-
cational and engineering strategies and geospatial tools (Utzinger
et al., 2009). Elimination programmes must grow within commu-
nities; the long-term health and financial benefits of a successful
programme must be promoted to assure local ownership and the
necessary long-term commitment. Sustainability of control efforts
is key to achieving elimination, progressing from a low prevalence
situation to elimination will be challenging, but the long-term ben-
efits and financial savings can be significant (Croce et al., 2010).

There is a need for international approval of a definition of schis-
tosomiasis elimination, guidelines as to whether or not elimination
has been achieved, and a confirmation/verification process to rec-
ognize this status is also required. This is a pressing need for those
countries which are well advanced in the schistosomiasis elimi-
nation process, as well as for those about to set the elimination
goal.

While there is still much to be done in terms of morbidity con-
trol across large areas of Africa and elimination is not yet in sight in
most places, it is beneficial and timely to look more closely at the
tools and methods that must be implemented to achieve elimina-
tion. An agenda for the elimination of schistosomiasis would aim to
identify the gaps in knowledge, and define the strategies, tools and
guidelines that will help national control programmes to step up
a gear and move towards elimination. Ten key general points that
the schistosomiasis elimination agenda might consider are listed
in Box 2.

Such an agenda for schistosomiasis elimination could follow
the example of malERA (Alonso et al., 2011) and would com-
plement the existing schistosomiasis research agenda (Colley
and Secor, 2007). Research, including investigations pursued by
a multidisciplinary alliance to optimize schistosomiasis control
and transmission surveillance in sub-Saharan Africa (CONTRAST),

large-scale intervention studies on schistosomiasis control and
elimination initiated by the Schistosomiasis Consortium for
Operational Research and Evaluation (SCORE), and efforts to
develop and validate new diagnostics, drugs and vaccines against
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Box 2: Ten key questions for the schistosomiasis elimi-
nation agenda

1 At what point should a country switch from control of mor-
bidity to elimination of schistosomiasis? Initially this would
involve elimination of morbidity as a public health problem
followed by the complete interruption of transmission.

2 What are the long-term health and socio-economic bene-
fits of achieving elimination? How do programmes ensure
compliance with elimination measures as infection and
morbidity decline during an elimination programme?

3 What additional public health interventions are required to
complement preventive chemotherapy? How can snail con-
trol, environmental management and behavioural change
interventions be integrated into current control pro-
grammes?

4 In areas where animal reservoirs of infection are found,
what additional steps must be taken to eliminate the dis-
ease? Are different control measures needed to eliminate
the main schistosome species?

5 Are currently available tools and techniques adequate to
monitor a decline and cessation in transmission? Are new
diagnostic tests needed to detect light infections in humans
with high accuracy? Can the detection of schistosomes
within snails help identify hot-spots of transmission?

6 What is the role of surveillance-response platforms within
an elimination agenda and what level of post-elimination
surveillance is required, and for how long must this con-
tinue to verify that transmission has ceased?

7 What measures are required should the disease be re-
introduced to combat resurgence of transmission?

8 What are the financial costs involved in achieving and sus-
taining an elimination programme and what are the realistic
time-lines for achieving elimination in different endemic
settings?

9 Is there sufficient technical capacity to implement and mon-
itor elimination within endemic countries?

10 Are new diagnostics, drugs and vaccines required to
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achieve the long-term elimination goals?

chistosomiasis (for which only scarce funding is available at
resent; Keiser and Utzinger, 2012) is an essential feature in defin-

ng the schistosomiasis elimination agenda that must accompany
ts implementation in the years to come.
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