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Schistosomiasis, one of 17 diseases deemed to be neglected by the World Health 
Organization, has received little attention from the biopharmaceutical industry. 
Due to this, only a handful of drugs have been developed to treat schistosomiasis, 
with only one, praziquantel, used in most endemic regions. Growing concern over 
resistance coupled with praziquantel’s incomplete efficacy across all stages of the 
Schistosoma platyhelminth life cycle highlights the urgent need for new drugs. The 
WIPO Re:Search consortium is a platform whereupon biopharmaceutical company 
compounds are being repurposed to efficiently and cost-effectively develop new 
drugs for neglected diseases such as schistosomiasis. This article summarizes 
recent clinical-stage efforts to identify new antischistosomals and highlights 
biopharmaceutical company compounds with potential for repurposing to treat 
schistosomiasis.

Schistosomiasis (also known as snail fever 
or bilharzia) is a disease caused by parasitic 
flatworms of the genus Schistosoma, pre-
dominantly Schistosoma mansoni, S. hae-
matobium and S. japonicum. The disease 
has exacted a toll on individuals living in 
tropical and subtropical regions for mil-
lennia  [1]. Today schistosomiasis continues 
to affect millions of people worldwide  [2], 
resulting in pain, diarrhea, weakness and 
hepatosplenomegaly, as well as anemia and 
stunting in children. S. haematobium infec-
tion is additionally associated with bladder 
carcinomas  [3] and increased susceptibil-
ity to HIV infection  [4–6]. No vaccine for 
schistosomiasis exists and the short-term 
prospect for a vaccine is poor. Only two 
vaccines have undergone clinical trials 
in the past decade  [7], with a third trial 
recently filed  [8]. Schistosomiasis control 
measures thus rely predominantly on the 
World Health Organization recommended 
antischistosomal drug, praziquantel.

Praziquantel is the gold standard for 
treatment of schistosomiasis and is routinely 
administered via mass drug administrations 
in hyperendemic regions  [9]. The producer 

and manufacturer of praziquantel, Merck 
KGaA, has committed to donating, by 
2016, 250 million tablets annually for 
these mass drug administrations until the 
disease is eliminated from Africa  [10]. Pra-
ziquantel has robust efficacy against adult 
schistosomes  [11], yet it also has a number 
of limitations. These limitations include 
minimal activity against the juvenile hel-
minths and the pathology-inducing Schisto-
soma eggs [12,13] and its contraindication in 
pediatric patients. The Pediatric Praziquan-
tel Consortium, a public–private partner-
ship established in 2012, is reformulating 
praziquantel for use in young children [14]. 
However, reduced praziquantel susceptibil-
ity in field isolates and successful induction 
of resistance in S. mansoni and S. japonicum 
in laboratory settings highlights the need 
for the expedient development of alterna-
tive antischistosomals with novel molecular 
targets  [15]. In addition to the requirement 
of a novel molecular target, a new antischis-
tosomal should ideally be active against 
both mature and immature forms (includ-
ing eggs) of the helminth, require a short 
treatment course, be stable under tropical 
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conditions and be active against all relevant species 
of Schistosoma [16].

Drug repurposing for schistosomiasis
Seven registered clinical trials studying alternative 
schistosomiasis drug candidates have been com-
pleted in the past decade (Table 1). Four of the five 
trials with published results obtained moderate effi-
cacy (cure rates of 21–75%) against at least one Schis-
tosoma species  [17–20]. Interestingly, six of the seven 
trials investigated the antischistosomal activity of a 
drug originally developed for a different neglected 
disease; mefloquine, lumefantrine, artesunate, sulfa-
methoxypyrazine and pyrimethamine are antimalar-
ials, whereas albendazole is an anthelmintic used to 
treat soil-transmitted helminthiases and filarial dis-
eases  [21]. These clinical trials are part of a growing 
global trend of repurposing old drugs toward new 
indications.

Because repurposing (or repositioning) elimi-
nates the risk, cost and time associated with de novo 
product development, it has been a consistently used 
means of developing drugs for neglected diseases. 
For example, a recent analysis revealed that of the 
29 drugs developed and approved during 2000–2011 
for a neglected disease, only four were new chemi-
cal entities  [32]. The remaining 25 were new for-
mulations of old drugs, fixed-dose combinations or 
old drugs approved for new indications. Given the 
lengthy time required to develop a drug  [33,34], the 
high failure rate of clinical trial-stage drugs, the 
paucity of schistosomiasis drugs in clinical develop-
ment, the potential for praziquantel resistance and 
the toll schistosomiasis continues to exact annually, 
repositioning drugs for schistosomiasis is an ideal 
approach.

In contrast to broad phenotypic screens of large-
scale compound libraries, which are largely target-
agnostic, drug repurposing is usually a nar-
rower approach that relies on the identification of 
a druggable target or prior scientific evidence. The 

aforementioned clinical trials (Table 1, rows 1–4 
and 6) were undertaken due to data from antima-
larial clinical trials that noted test subjects’ ancillary 
cure of schistosomiasis  [35,36]. Prior in vitro and in 
vivo screens that assessed antimalarial drugs against 
adult and juvenile schistosomes also indicated the 
drugs’ efficacies alone and in combination with 
praziquantel  [37–40]. These laboratory studies over-
whelmingly demonstrated the activities of antima-
larial drugs against the juvenile (artemether) or both 
juvenile and adult (mefloquine) schistosomes – an 
ideal effect of a schistosomiasis therapy [31].

Drug repurposing for schistosomiasis is not lim-
ited to antimalarials and other drugs approved for 
the treatment of other neglected tropical diseases 
(NTDs). Drugs and lead candidates in develop-
ment to treat noncommunicable diseases are also of 
relevance. Numerous druggable targets have been 
identified in schistosomes [41] including HMG-CoA 
reductase (SmHMGR)  [42], a voltage-gated cal-
cium channel (SmCa

v
β

var
) [43], a histone deacetylase 

(HDAC) (SmHDAC8) [44] and protein kinase B/Akt 
(SmAkt) [45]. The human homologs of these proteins 
are the targets of drugs for cardiovascular disease [46], 
hypertension  [47] or cancer (HDAC and Akt)  [48,49], 
respectively. A review of the 20 companies listed in 
the 2014 Access to Medicine Index  [50] revealed that 
these companies alone have 7 HMG-CoA reduc-
tase inhibitors, 15 calcium ion channel blockers, 5 
HDAC inhibitors and 8 Akt protein kinase inhibi-
tors on the market or in development (Table 2). All of 
these products could theoretically be repurposed to 
treat schistosomiasis.

WIPO Re:Search
Drug development is an iterative process that results 
in the production of large sets of target class-specific 
inhibitors, in addition to the final, marketed prod-
uct. These sets contain compounds that interact 
with a human target molecule to varying degrees and 
thus may include compounds that are more selective 
toward the homologous target of another species, 
such as Schistosoma spp., than toward the human 
target. An open-source approach that facilitates 
neglected disease researchers’ access to these sets is 
imperative if these compounds are to be screened and 
repurposed as antischistosomal drugs.

In 2011, the World Intellectual Property Orga-
nization (WIPO, Switzerland), BIO Ventures for 
Global Health (BVGH) (WA, USA), and eight leading 
biopharmaceutical companies (Alnylam [MA, USA], 
AstraZeneca [UK], Eisai [Japan], GlaxoSmithKline 
[UK], MSD [NJ, USA;  [53]], Novartis [Switzerland], 
Pfizer [NY, USA], and Sanofi [France]) established 

Key terms

Drug repurposing: Practice of applying a compound 
originally developed for one indication to an alternate 
indication.

HMG-CoA reductase: Rate-limiting enzyme in the 
metabolic pathway responsible for cholesterol synthesis. 
Inhibition of the enzyme through the use of statins reduces 
serum cholesterol concentrations, which lowers the risk for 
cardiovascular disease 

World Intellectual Property Organization: United Nations 
agency established to promote the use of an international 
intellectual property platform to stimulate innovation and 
creativity.
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Table 2. Representative inhibitor classes with antischistosome activity.

Schistosoma targets and non-neglected indications of representative inhibitor classes

HMG-CoA reductase 
Inhibitor

Ca2+ ion channel 
blocker

HDAC inhibitor Akt protein kinase 
inhibitor

Schistosoma target SmHMGR [42,51] SmCavβvar [43] SmHDAC8 [44,52]  SmAkt [45]

Inhibitor class non-
neglected disease 
indication

Cardiovascular 
disease [46]

Hypertension [47] Cancer† [48] Cancer†[49]

Biopharmaceutical companies’ assets from representative inhibitor classes

Company name HMG-CoA reductase 
Inhibitor

Ca2+ ion channel 
blocker

HDAC inhibitor Akt protein kinase 
inhibitor

AbbVie ADVICOR® CARDIZEM® LA 
TARKA®

Depakote® –

Astellas – – ISTODAX® –

AstraZeneca CRESTOR® PLENDIL® – AZD5363II

Bayer – ADALAT® CC – Allosteric Akt1/2 
inhibitorI

Boehringer Ingelheim – TWYNSTA® – –

Bristol-Myers Squibb Pravachol® – – –

Daiichi Sankyo   Rezaltas® – –

    AZOR®    

Eisai – – – –

Eli Lilly – – – LY2780301I

Gilead – – – –

GlaxoSmithKline – Lacipil™ – 2110183I, II‡

        2141795I

Johnson & Johnson – – QuisinostatII –

Merck KGaA – – – MSC 2363318AI

MSD Zocor® – ZOLINZA® MK-2206II

  Mevacor®      

Novartis Lescol® Amturnide® LBH589III –

Novo Nordisk – – – –

Pfizer LIPITOR® CADUET® – –

    NEURONTIN®    

    CALAN®    

    LYRICA®    

    PROCARDIA®    
†It is important to mention that while approved for the treatment of cancer, these and other cancer chemotherapies may not have a safety 
profile that would be acceptable for use in the treatment of infectious diseases and/or of certain populations (children, pregnant/nursing 
women).  
‡Phase I for multiple myeloma and Phase II for ovarian cancer.  
Links to products’ prescribing information and other references are located in Supplementary Table 1.
Four representative examples of druggable Schistosoma targets and their respective inhibitor classes were selected. Inhibition of these 
targets affected adult schistosome egg-laying (Akt kinase), disrupted pairing (Akt kinase and HDAC), and/or resulted in a reduction in 
juvenile (Akt kinase, HDAC, HMG-CoA) and/or adult (HMG-CoA) schistosome viability. Prior publications have demonstrated that HMG-
CoA reductase Inhibitors, calcium ion channel blockers, HDAC inhibitors and Akt protein kinase inhibitors specifically inhibit their in-class 
Schistosoma target [42–45], thus suggesting that other inhibitors within these classes would display similar target-specific activity, rather 
than off-target effects. The marketed and clinical-stage products, within these classes, of the 20 companies captured in the 2014 Access 
to Medicine Index [50] were reviewed for their potential to be repurposed for schistosomiasis. All products, unless otherwise noted (IPhase 
I, IIPhase II, IIIPhase III), are commercially available. Please note that this list is not meant to be an exhaustive presentation of all schistosome 
drug targets and their inhibitor classes.
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WIPO Re:Search – a consortium committed to 
the research and development of new drugs, vaccines 
and diagnostics for NTDs, malaria and tuberculosis. 
Members include for-profit, academic, nonprofit and 
government research organizations from across the 
globe  [54]. The Consortium was established as a plat-
form through which participating biopharmaceutical 
companies could contribute their intellectual property 
(IP) assets, including compounds/compound librar-
ies, know-how, data and expertise, to neglected disease 
scientists through collaborative research opportunities. 
Through such collaborations disease experts can screen 
company compounds against neglected disease targets 
they have identified through in vitro and in vivo assays 
they have developed; collaborate around the develop-
ment of a new vaccine based on an immunogenic anti-
gen they discovered; contribute their novel platform 
technologies, disease biomarkers or clinical samples to 
the development of a rapid, point-of-care diagnostic 

and partner with other researchers with complementary 
expertise to study underlying mechanisms of disease.

These collaborative research efforts are established and 
managed by BVGH. As the Partnership Hub Adminis-
trator of WIPO Re:Search, BVGH proactively exam-
ines researchers’ projects and proposes novel opportuni-
ties for collaboration. Researchers are also encouraged 
to review the WIPO Re:Search Database – an online 
database of IP assets that Members are willing to share 
– and request access to these assets through BVGH. In 
the Consortium’s first three years, 86 partnerships have 
been formed, including seven involving schistosomiasis 
drug discovery [55–58]. The contribution and use of Con-
sortium Members’ IP assets and the products developed 
from their use are governed by the WIPO Re:Search 
Guiding Principles. These principles are in place to 
support accessibility and affordability of any products 
developed through WIPO Re:Search [59].

By connecting biopharmaceutical companies with 
neglected disease researchers, WIPO Re:Search is reduc-
ing the barrier of access to pharmaceutical company 
compounds for repurposing. For example, HMG-CoA 
reductase activity is essential to S. mansoni egg produc-
tion and parasite survival in vitro and in vivo [60]. HMG-
CoA reductase inhibitors (statins) are a commercially 
successful group of drugs developed to reduce elevated 
cholesterol levels in patients, including those suffering 
from hypercholesterolemia, and reduce the risk of car-
diovascular disease [46]. Previous screens by Caffrey et al. 
demonstrated that commercially available statins were 
potent inhibitors of both immature and adult schis-
tosomes in vitro  [42,51]. To determine whether analogs 
of marketed statin drugs might prove to be even more 
potent against schistosomes, BVGH connected Dr Conor 
Caffrey from the University of California, San Francisco, 

Table 2. Representative inhibitor classes with antischistosome activity (cont.)

Biopharmaceutical companies’ assets from representative inhibitor classes

Company name HMG-CoA reductase 
Inhibitor

Ca2+ ion channel 
blocker

HDAC inhibitor Akt protein kinase 
inhibitor

Roche – – – RG7440II

Sanofi – Renedil® – –

Takeda – – – –
†It is important to mention that while approved for the treatment of cancer, these and other cancer chemotherapies may not have a safety 
profile that would be acceptable for use in the treatment of infectious diseases and/or of certain populations (children, pregnant/nursing 
women).  
‡Phase I for multiple myeloma and Phase II for ovarian cancer.  
Links to products’ prescribing information and other references are located in Supplementary Table 1.
Four representative examples of druggable Schistosoma targets and their respective inhibitor classes were selected. Inhibition of these 
targets affected adult schistosome egg-laying (Akt kinase), disrupted pairing (Akt kinase and HDAC), and/or resulted in a reduction in 
juvenile (Akt kinase, HDAC, HMG-CoA) and/or adult (HMG-CoA) schistosome viability. Prior publications have demonstrated that HMG-
CoA reductase Inhibitors, calcium ion channel blockers, HDAC inhibitors and Akt protein kinase inhibitors specifically inhibit their in-class 
Schistosoma target [42–45], thus suggesting that other inhibitors within these classes would display similar target-specific activity, rather 
than off-target effects. The marketed and clinical-stage products, within these classes, of the 20 companies captured in the 2014 Access 
to Medicine Index [50] were reviewed for their potential to be repurposed for schistosomiasis. All products, unless otherwise noted (IPhase 
I, IIPhase II, IIIPhase III), are commercially available. Please note that this list is not meant to be an exhaustive presentation of all schistosome 
drug targets and their inhibitor classes.

Key term

WIPO Re:Search: Consortium established to catalyze 
the discovery and development of drugs, vaccines and 
diagnostics for neglected tropical diseases, malaria and 
tuberculosis. The World Intellectual Property Organization 
(WIPO) is the Consortium’s Secretariat and BIO Ventures 
for Global Health (BVGH) leads partnership development 
and alliance management. Members include more than 90 
for-profit, nonprofit, academic and government research 
institutions committed to the development of products to 
treat and eliminate these burdensome diseases. Within the 
3 years since WIPO Re:Search was launched, more than 
80 collaborative agreements have been facilitated and 
established between Members. Agreements include sharing 
of intellectual property assets, such as compounds and 
compound libraries, and the transfer of knowledge, know-
how, and experience between scientists and organizations..
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with MSD, the makers of one of the successfully mar-
keted statin drugs. After initial communications, a 
confidential disclosure agreement between University 
of California, San Francisco, and MSD was signed and 
in-depth discussions commenced. A collaborative study 
agreement was subsequently finalized and MSD shared a 
carefully selected set of statin analogs. Dr Caffrey and his 
team are screening these compounds against S. mansoni. 
MSD’s scientists have remained in close contact, aiding 
Dr Caffrey in the interpretation of the screening results. 
In the event that a lead compound is identified, MSD has 
offered to conduct similarity searches and supply analogs 
to advance structure activity relationship analyses. The 
access to compounds with a known target, prior toxicity 
and pharmacokinetics data, and drug-like properties will 
likely facilitate downstream optimization efforts by Dr 
Caffrey and his colleagues.

Conclusion
Repurposing drugs is an important means of identifying 
new treatments for a variety of ailments. Drug repurpos-
ing not only reduces the cost of developing a new drug, 
but it also has the propensity to significantly accelerate 
development. Fast-tracking development of drugs for 
NTDs, including schistosomiasis, where there is little 
investment by industry, is critically important. As demon-
strated in this article, drug repurposing efforts can begin 
with compounds at various stages of development – from 
screening analogs of a commercial product to performing 
clinical trials of a currently marketed drug. Repurposing 
is not limited to drugs developed for a similar indication. 
As eukaryotes, parasites such as Schistosoma often rely on 
enzymes and signaling pathways homologous to those 
found in humans. Leveraging these potential similarities 
is a cornerstone of successful drug repurposing.

As Table 2 demonstrates, 80% of the largest biophar-
maceutical companies have developed an inhibitor that 
targets the human homologue of one of four validated 
Schistosoma drug targets. A more in-depth study of inhib-
itors of the human homologues of all validated Schisto-
soma drug targets would likely reveal that each of these 
top companies has compounds that could potentially be 
repurposed to treat schistosomiasis. WIPO Re:Search 
was established to bolster drug repurposing for NTDs by 
eliminating the barrier of access to these pharmaceutical 
company compounds. Researchers such as those at the 
University of California, San Francisco are leveraging 

this platform to advance and accelerate the discovery and 
development of products, including drugs, for neglected 
tropical diseases, malaria, and tuberculosis. While this 
article and collaboration example focuses on schisto-
somiasis, pharmaceutical companies have a wealth of 
compounds that could be repurposed for any number 
of diseases of poverty. WIPO Re:Search provides the 
opportunity to leverage these.

Future perspective: strengthening the drug 
pipeline
Drug repurposing is of particular importance to the 
development of drugs for diseases that disproportion-
ately affect the world’s poorest populations. Given the 
current economic atmosphere and stagnating funding 
for biomedical research, drug repurposing may be the 
best way to reduce the burden caused by NTDs. WIPO 
Re:Search is enabling access to valuable biopharmaceu-
tical assets and know-how and spurring new product 
development for a variety of neglected indications. The 
WIPO Re:Search consortium is expected to strengthen 
drug development pipelines for NTDs and accelerate the 
development of much-needed treatments for several of 
the world’s greatest unmet medical needs.

Supplementary data
To view the supplementary data that accompany this 
paper please visit the journal website at: www.future-
science.com/doi/full/10.4155/FMC.15.26
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Executive summary

•	 New drugs are desperately needed to treat schistosomiasis.
•	 WIPO Re:Search accelerates discovery and development of products for neglected tropical diseases, malaria, 

and tuberculosis through collaborations around biopharmaceutical company assets.
•	 Repurposing of biopharmaceutical company compounds offers a potentially expedient and cost-effective 

mechanism to develop new schistosomiasis drugs.
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