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05 Welcome

Welcome and Sawubona

It is our honour and privilege to welcome you all to our workshop on 
“female genital schistosomiasis (FGS) and its impact on HIV/AIDS”. 

The aim of this workshop is to bring together an extraordinary assembly of experts 
from various fields representing public & private organizations, governments 
and regional bodies especially from African countries. Our meeting presents a 
unique networking opportunity and discussion platform for exchange of most 
recent scientific data, country perspectives and new ideas to move forward this 
important aspect of schistosomiasis and its control.

As you perhaps know, many million Africans are suffering from this devastating 
water-borne disease, including very vulnerable populations such as young 
children and women of reproductive age. While the landscape for control of 
schistosomiasis is changing a pace, including the scale-up of the large-scale 
donation of praziquantel from Merck (Germany) to WHO for use in school-aged 
children in Africa, we still have known treatment gaps and important research 
needs to be addressed. 

Our main topic of interest is discussion upon relationships between genital 
schistosomiasis in women, and also men, and its causal links with HIV/AIDS. A 
direct impact has been demonstrated in the past, but its dynamics needs much 
closer scrutiny with targeted research to devise best ways to prevent it and for 
those already suffering from this disease, manage it to improve well-being. 

Our workshop program comprises the following aspects to incite action to: 
1. Accelerate the application of linked-up research on FGS and HIV, by providing 

a forum for experts and key opinion leaders to draw attention to its importance 
and to support countries and caregivers on how best to develop and apply 
solutions for prevention, treatment and case management of patients;

2. Address infectious diseases by developing a shared research agenda for 
schistosomiasis and HIV which will move towards new tools for diagnosis and 
treatments and long-term public health benefit. 

The format of the workshop with keynote lectures, breakout & poster sessions 
will provide a very interactive platform for all participants. Let us thank you 
again for your interest in our conference and we wish you a very pleasant stay in 
Magaliesburg, South Africa. 

Myra Taylor 
Eyrun Kjetland

Russell Stothard
Jutta Reinhard-Rupp

Claudia Cecalupo

Organizing institutions: The University of KwaZulu-Natal (Durban, South Africa), The Oslo 
University Hospital (Oslo, Norway), The Liverpool School of Tropical Medicine (Liverpool, UK) 
and Merck (Coinsins, Switzerland)



Organisers

Myra Taylor
BSc (Pharm), M Med Sci, PhD 
Professor, Discipline of Public Health Medicine
University of KwaZulu-Natal, Durban
South Africa
taylor@ukzn.ac.za

Intervening during: 
Session J (Day 2, a.m.)

As a public health researcher/practitioner her career is largely focused on 
improving the health and development of children, adolescents and youth 
in developing countries. Her focus is on the health systems that serve these 
groups and the impact of infectious diseases, poverty and lack of resources on 
their social, emotional and cognitive development. She been involved in the 
investigation and evaluation of education, health and development programs for 
children in South Africa, and in promoting the use of research findings to guide 
policy and service provision. Professor Taylor has worked closely with health and 
education programs to reduce the burden of disease and am well positioned to 
advise on the feasibility of intervention programs that can improve health. She 
is particularly interested in the developing knowledge that can ensure provide 
targeted interventions to reduce schistosomiasis and HIV in southern Africa. 
This workshop will contribute to building capacity in underdeveloped areas in 
Africa and offers an opportunity to train clinicians – doctors and nurses alike, 
as we investigate how we can contribute to addressing community needs.  
 
Myra Taylor has worked as a Professor/ Research Manager in the Discipline of 
Public Health Medicine since 2003 in the Department of Community Health, and 
in the Human Sciences Research Council (HSRC). She has garnered support from 
the Medical Research Council of South Africa, SANPAD, South African National 
Research Foundation, through the Fogarty/NIH Brain Disorders Network Grant, 
European Union, and Bill and Melinda Gates Foundation.
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Organisers

Eyrun Floerecke Kjetland
MD, PhD, Research Fellow, Clinician
Norwegian Centre for Imported and Tropical Diseases
Department of Infectious Diseases Ullevaal, Oslo University Hospital
Norway
e.f.kjetland@medisin.uio.no

Honorary Senior Lecturer, Discipline of Public Health Medicine
University of KwaZulu-Natal, Durban
South Africa

Intervening during: 
Keynote 3 (Day 1, a.m.); Session C (Day 1, a.m.); Session E (Day 1, p.m.); Session L (Day 1, p.m.)

The aim of her research has been to alleviate female suffering due to genital 
schistosomiasis (FGS). The disease has been found to be commonest cause 
of genital morbidity in endemic areas. FGS is highly associated with HIV but 
refractory to the treatment we can offer. In collaboration with University 
of KwaZulu-Natal she is the project coordinator working on decreasing 
genital morbidity and also on HIV incidence. She is clinically and ethically 
responsible for a project where the effects of teen intervention in explored. 
 
She is employed by the Norwegian Centre for Imported and Tropical Diseases: 
Oslo University Hospital and has worked in the field of genital schistosomiasis 
from 1994, starting in Malawi. She did her PhD and postdoctoral work in 
collaboration with a number of institutions such as the World Health Organisation, 
Universities of Zimbabwe, KwaZulu-Natal, South Africa, Copenhagen, Denmark, 
Freie Universität, Berlin, Germany, Skaraborgsinstitutet, Sweden, Imperial College, 
UK, Yale University, US and Leiden University Medical College in The Netherlands.  
 
She has published more than 40 articles on genital schistosomiasis. She received 
the WHO/TDR Director’s Initiative Fund for 6 months in 1994 and again for 9 
months in 1998, further she has received prizes for outstanding research OUH 2006, 
2008 and 2009, the prize for best presentation in Global Health and Vaccination 
Research in 2007. The last years she has been a part-time clinician and part-time 
teaching in infectious diseases alongside leading the current project in University 
of KwaZulu-Natal, South Africa. She is currently tutoring five PhD students.
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Organisers

Russell Stothard 
Professor
Department of Parasitology
Liverpool School of Tropical Medicine
United Kingdom
russell.stothard@lstmed.ac.uk

Intervening during: 
Session C (Day 1, a.m.); Session D (Day 1, p.m.); Session H (Day 2, a.m.); Session L (Day 2, p.m.)

Russell is primarily a field-epidemiologist interested in the combined control of 
tropical disease joined LSTM, UK in 2011 and was appointed Chair in Medical 
Parasitology. Within the international NTD community, his expertise is well-
known and combines multidisciplinary studies surrounding the epidemiology, 
control and elimination of schistosomiasis and soil-transmitted helminthiasis.  
 
Evidenced by undertaking over 75 field-based assignments, he has led large 
health research teams engaged in both implementation and operational 
research within the African health system from the national level to afflicted 
communities. He has also assisted WHO on several occasions with technical 
advice, chairing NTD meetings and developing revised WHO policy guidelines 
for de-worming young children. From October 2014, Russ is also Director of 
COUNTDOWN, a large implementation research consortium, as funded by 
DfID, investigating scale-up of mass drug administration for control of NTDs.  
 
With over 200 research papers, his international standing as a leading field-
epidemiologist/parasitologist with extensive on-the-ground experience is 
reflected by the scope and depth of these publication outputs. Moreover, he has 
also had a proven track record on applied research on a broad range of tropical 
diseases including other African NTDs (trypanosomiasis and leishmaniasis), 
malaria and more recently HIV, with a recent paper in Lancet ID defining a new 
research agenda for addressing HIV-schistosomiasis. In 2003, he was awarded the 
Bicentenary Medal of the Linnean Society for research on Zanzibar which has 
ultimately paved the way for later elimination studies of schistosomiasis as funded 
by Schistosomiasis Consortium for Operational Research and Evaluation (SCORE).  
 
From 2003-2009, he served as Honorary Secretary for the Royal Society of Tropical 
Medicine and Hygiene and from 2010 was invited to serve as General Secretary of 
the British Society for Parasitology. In terms of academic journals Russell is editor 
of Advances in Parasitology, and member of the editorial boards of Parasitology, 
Journal of Helminthology and BMC Infectious Disease. He is member at large of 
the European Federation of Parasitologists.
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Organisers

Jutta Reinhard-Rupp
Head of Translational Innovation Platform Global Health, R&D
Merck Serono S.A., Coinsins
Switzerland
jutta.reinhard-rupp@merckgroup.com

Intervening during: 
Session A (Day 1, a.m.); Session G (Day 2, a.m.); Session L (Day 2, p.m.)

Jutta Reinhard-Rupp is Head of the R&D Translational Innovation Platform for “Global 
Health” at Merck Serono. Her focus is the discovery and development of new drugs and 
health solutions for children suffering from poverty-related diseases such as malaria 
and schistosomiasis. She studied Biology in Mainz and Tübingen and received 
her PhD at the Max-Planck Institute in Tübingen. After her postdoctoral training 
at Novartis, she was lab head at Evotec Biosystems in Hamburg. In 1997, she 
joined Aventis in various assignments in Research and Development. Under her 
leadership, a gene therapy project was moving into clinical phase III worldwide. 
 
Since January 2008, she works with Merck Serono in Switzerland with main 
responsibilities on the implementation of key strategic initiatives in drug discovery 
and development, including the lead of the internal IMI office (European public-
private partnerships) and the lead of several “Global Health” programs including 
the development of a new pediatric formulation of praziquantel to treat young 
children in schistosomiasis endemic areas.
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Organisers

Claudia Cecalupo 
Senior Consultant
IKU Consulting, Geneva
Switzerland
claudia.cecalupo@iku-consulting.com

Senior Consultant with a track record of more than 25-year experience 
in Biotech/Pharma business, acquired in multi-national companies, and 
holding cross-functional positions with increasing responsibilities in the R&D, 
Project Management, Portfolio, Strategic Planning and CEO organizations. 
 
After the diploma in foreign languages and culture in 1987 and having 
facilitated the centralized cross-functional decision-making process in Serono 
since 1988, transferred from Rome to Geneva in 1996 for the successful 
setting up of the fundamentals of the project-based organization (processes, 
tools, trainings) for the whole company. Across the years, key contributor 
to the overall strategic planning and portfolio management, including 
pipeline objective and drug development criteria setting, performance 
analysis, reporting and communication, at Serono and Merck Serono. 
 
More recently, consultant at IKU Consulting for pharma companies in the areas 
of business strategy definition, governance setting, R&D architecture design, 
reporting, organizational and communication aspects, business tools’ definition, 
and including focus in the field of Global Health.
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Agenda

Workshop Objectives

In recreational, domestic and professional freshwater contact, people  
in endemic areas may acquire schistosomiasis (Bilharzia). Infections  
with S. haematobium commonly cause severe egg-induced pathologies in 
several major organs, notwithstanding significant damage to the genitalia 
of both women and men.

Recent studies have substantiated the biologic plausibility that female  
genital schistosomiasis (FGS) may elevate general transmission of HIV and that 
control of schistosomiasis might also impact on HIV-AIDS. Mass drug administration 
(MDA) against schistosomiasis has been successfully implemented in certain 
African countries for several years. Since the London Declaration in 2012, more 
than 10 drug companies have committed themselves to providing medications 
for neglected tropical diseases (NTDs) and donors that will undertake to organise 
the distribution of free tablets to endemic countries. The prospect of free anti-
schistosomal treatment in the battle against HIV, sexually transmitted diseases 
and other reproductive tract morbidity has renewed the interest in research on 
FGS.

During the workshop, the latest findings on FGS and on implementation  
of MDA for African NDTs will be addressed.

The objectives of the workshop are the following:

 Ü To present the latest findings on genital schistosomiasis and NTDs-MDA

 Ü To develop a new research agenda on interactions between HIV and 
schistosomiasis

 Ü To promote agendas on best diagnosis and future treatment

 Ü To advocate for scaled-up interventions against NTDs
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Agenda

  27th January 2015
  19:30 Opening Dinner

Day 1 28th January 2015
     8.30 Registration and Preparation for Group Memberships

     9.00 Welcome by Committee Members and Opening Remarks

Keynote Topic Speaker

1 Current Control Policies: are combined interventions possible? T. Furumele

2 Women and HIV in Africa  G. Ramjee

3 Urogenital schistosomiasis and FGS: where are we now? E. Kjetland

   10.40 Tea & Coffee
 

Breakout Session A Breakout Session B Breakout Session C

Topic
There is no association 
between FGS and HIV?

What are the gaps in 
combined control policies    

for SCH and HIV?

Do we have the right 
diagnostics and      

surveillance tools?
Speakers J. Downs, M. Hsieh A. Garba P. Pillay, G. van Dam

Discussion
Leader G. Ramjee T. Furumele E. Kjetland

Rapporteur J. Reinhard-Rupp J. Lazdins R. Stothard

  12.30 Feedback from each Breakout Stream and Discussion (Rapporteurs)

   13.00 Lunch

Keynote Topic Speaker

4 Managing HIV in children: maintaining the child’s well-being B. Mukasa

5 Synergy between female and male genital schistosomiasis P. Leutscher

6 Challenges in accessing treatment: the case of pregnant women L. Chitsulo

   15.30 Tea & Coffee

Breakout Session D Breakout Session E Breakout Session F

Topic FGS and HIV in Childhood
Management of FGS/MGS 

and HIV co-infections
Tailoring MDA to at-risk 

groups/communities
Speakers A. Bustinduy, E. Kleppa E. Chipungu A. Fenwick

Discussion 
Leader B. Mukasa P. Leutscher L. Chitsulu

Rapporteur R. Stothard E. Kjetland J. Lazdins

  17.30 Feedback from each Breakout Stream and Discussion (Rapporteurs)
   18.00 Review of the day with expectations for tomorrow
   18.30 Poster Session
   20.00 Dinner

   11.00

   14.00

   16.00
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Agenda

Day 2 29th January 2015
 8.00 Registration

Keynote Topic Speaker(s)

7 HIV/Other Diseases & Schistosomiasis Control: Gaps in Research and Policies C. King

8 Increasing Access to Praziquantel from an Earlier Age A. Garba & A. Bustinduy

9 Potential Therapies for Genital Schisto and Future Clinical Studies H. Feldmeier

 10.00 Tea & Coffee
 

Breakout Session G Breakout Session H Breakout Session I

Topic
How much does (co)treatment 

cost and benefit?
Progress in the paediatric 

PZQ initiative
Training and Scale-up of 

Clinical for FGS Skills

Speakers R. Sello, L.-A. Tchuem Tchuenté E. Kourany-Lefoll, S. Skopp,     
D. Bezuidenhout F. Hyera, B. Vwalika

Discussion 
Leader C. King R. Stothard F. Hyera

Rapporteur J. Reinhard-Rupp C. Masimirembwa M. Taylor

 12.00 Feedback from each Breakout Stream and Discussion  (Rapporteurs)

 12.30 Lunch

Keynote Topic Speaker(s)

10 FGS Pocket Atlas S. Mocumbi

11 Example from Endemic Countries: Zimbabwe and Kenya C. Masimirembwa, P. Mwinzi

 14.30 Tea & Coffee

Breakout Session J Breakout Session K Breakout Session L

Topic
Getting FGS on the Maternal/

Child Health Agenda
Integrating FGS into Country 

Health Programmes
Plausibility Link for FGS and 
HIV – What is Still Needed?

Speakers M. Taylor, M. Gyapong B. Marfo, V. Christinet E. Kjetland, R. Stothard

Discussion 
Leader A. Garba C. Masimirembwa J. Reinhard-Rupp

Rapporteur L.-A. Tchuem Tchuenté L. Chitsulo J. Lazdins

 16.30 Feedback from each Breakout Stream and Discussion (Rapporteurs)
 17.00 Meeting Outputs and Conclusions:

– Summary of Key Findings with New Mission Statement
– What Advocacy is Needed, How to Target, and Who to Deliver
– Maintaining this Network and Snowballing Momentum

 19.30 Dinner

From 08:30 to 12:00 on 30th January, a closed session will take place involving Organisers 
and Rapporteurs to review the outcomes, feedback and next steps of the Workshop.

   8.30

10.30

13.30

15.00

13



Speakers

Deon Bezuidenhout       Session H (Day 2, a.m.) 
Site Relationship and Operations Lead / Clinical Trial Manager,
Merck Serono KGaA, South Africa

Deon Bezuidenhout holds a national diploma as Registered Professional Nurse since 2005. 
He is a certified associate Project Manager at PMI and has finished his Pharmaceutical 
Management Advancement qualification at Wits Business School in 2013. He started his 
research career at Quintiles in 2006 until 2010; whereafter he worked as a Principal CRA 
and Team Lead at PPD. He joined Merck Serono as Operations Lead and Clinical Research 
Manager in 2013. He is currently the Clinical Team Leader for the Praziquantel paediatric 
formulation development program within the Praziquantel consortium.

Amaya Bustinduy                    Session D (Day 1, p.m.); Keynote 8 (Day 2, a.m.) 
Paediatric Infectious Diseases Clinical Research Fellow
St. George’s University of London, UK

Amaya Bustinduy is a paediatric infectious diseases specialist with a strong interest in 
schistosomiasis-associated morbidity in children and low-cost point of care diagnostics. 
She has worked mostly in East Africa, in Kenya and Uganda, and has recently carried out 
a Praziquantel PK/PD study in children with intestinal schistosomiasis. 
 

Ennet Chipungu          Session E (Day 1, p.m.) 
Obstetrics and Gynecology Specialist; Deputy Head of Department 
Ministry of Health, Bwaila Maternity Hospital; Freedom from Fistula Foundation, Malawi

Ennet Chipungu is an Obstetrics and Gynecology specialist, working under the Ministry 
of Health of Malawi. She also works at the Bwaila Maternity Hospital and is training as a 
Fistula surgeon at Freedom from Fistula Foundation.
 

Lester Chitsulu               Keynote 6 (Day 1, p.m.); Session F (Day 1, p.m.); Session K (Day 2, p.m.) 
Public Health Consultant,
Malawi

Lester Chitsulo worked as the focal point for schistosomiasis control in the Department of Control 
of Neglected Tropical Diseases (NTD), World Health Organization, Geneva, from August 2006 to 
December 2014. He provided technical assistance and support to countries for schistosomiasis 
and integrated helminth control. From December 2000 to July 2006, he worked in the Special 
Programme for Research and Training in Tropical Diseases (WHO/TDR), on research capacity 
strengthening in the Least Developed Countries, and also coordinated the programme’s research 
efforts on schistosomiasis. He had first joined the Department of Control of Tropical Diseases, 
WHO, in 1997 to work on schistosomiasis. Before joining the WHO, he worked for the Ministry 
of Health, Malawi, from 1979 to 1997. He first worked on schistosomiasis control, and then took 
on responsibility for communicable diseases control. He also coordinated health research for the 
Ministry of Health and from January, 1996 to August 1997, was Programme Manager, National AIDS 
Control Programme, Malawi. He graduated with a BSc. Degree in biology from Brown University, 
an MSc., in Medical Parasitology from the London School of Hygiene and Tropical Medicine, and a 
PhD., in Parasitology from Tulane University. He is a citizen of Malawi, and lives in Lilongwe.
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Speakers

Vanessa Christinet                           Session K (Day 2, p.m.) 
Physician Responsible, MD, MIH, STI clinic Checkpoint, Switzerland; 
Research Consultant MSF, Switzerland

Vanessa Christinet is a general practitioner with a Master in International Health. Clinical 
experience as GP, HIV specialist including a 2 years’ clinical practice in an African rural 
disctrict hospital. Her other skills and interests are epidemiology and research, including 
operational research. She is currently medical respondent in STI clinic and research 
consultant for Médecins Sans Frontière (MSF). Master in International Health Thesis on 
Buruli ulcer and HIV interaction (Swiss Tropical and Public Health Institute / Basel).
 

Jennifer Downs        Session A (Day 1, a.m.) 
Assistant Professor of Medicine
Center for Global Health, Weill Cornell Medical College, USA ; Department of Medicine, Bugando Medical Centre, Tanzania

Jennifer Downs became interested in schistosomiasis treatment as a means of HIV 
prevention through her clinical work on the inpatient wards of Bugando Medical 
Centre in Mwanza, Tanzania in 2007. Following the completion of her clinical training in 
Internal Medicine and Infectious Diseases, she returned to Mwanza in 2008, focusing on 
schistosomiasis and HIV prevention in young Tanzanian women since then. Her work is 
supported by the United States National Institutes for Health and the Bill & Melinda Gates 
Foundation. She is fluent in Kiswahili and, in addition to her research, serves as a mentor 
and teacher for both US and Tanzanian physicians. She holds faculty appointments at 
Bugando Medical Center and at Weill Cornell Medical College. She and her husband have 
three young children.

Hermann Feldmeier       Keynote 9 (Day 2, a.m.) 
Professor of Tropical Medicine
 Institute of Microbiology and Hygiene Charité University Medicine, Germany

Hermann Feldmeier is Professor of Tropical Medicine at the Institute of Microbiology and 
Hygiene, Campus Benjamin Franklin, Charité University Medicine, Berlin, Germany. He is 
also a visiting Professor at the Universidade Federal do Ceará, Fortaleza, Brazil, and the 
University of Tokyo, Japan. He is a WHO expert on parasitic diseases. Hermann Feldmeier 
has been working on tropical parasitic diseases since 1980. He has directed research 
projects in many African, Asian and South American countries. His focus are neglected 
tropical diseases, particularly in women.

Alan Fenwick          Session F (Day 1, p.m.) 
Director, SCI Professor of Tropical Parasitology 
Imperial College London, UK

Alan Fenwick is the Director of the Schistosomiasis Control Initiative (SCI) and Professor 
of Tropical Parasitology at Imperial College London. He has spent many years working 
against parasitic diseases in Tanzania, Sudan and Egypt. He established the SCI at Imperial 
College in 2002 since then SCI has assisted 16 countries in Africa to deliver over 100 
million treatments against Bilharzia and other worm diseases because these parasitic 
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Speakers

diseases disable, disfigure, debilitate and kill the poorest people in the world. Alan has 
been awarded the OBE and then in 2008 Alan’s project was awarded the Queens Award 
for Universities for research excellence.

 
Tsakani Furumele                      Keynote 1 (Day 1, a.m.); Session B (Day 1, a.m.) 
Director, Communicable Disease Control  
National Department of Health, South Africa 

Tsakani Furumele is currently employed by the National Department of Health as Director 
for Communicable Disease Control. Her professional career started in the hospital 
laboratory as a Medical Laboratory Scientist. She then joined the Limpopo Department 
of Health Malaria Control Programme in 1996 and later transferred to the National 
Department of Health in 2004 to work in the Malaria Control Programme. In 2007 she 
was appointed manager of the national Emerging and Re-emerging Infectious Diseases 
Programme. In 2009 she got appointed to her current post. She holds a B.Sc (Medical 
Laboratory Science) and an M.Sc (Zoology – Medical Entomology) from the University of 
Limpopo. She also has attained a Masters in Public Health (MPH) from the University of 
Pretoria specializing in Epidemiology and Biostatisics.

 
Amadou Garba              Session B (Day 1, a.m.); Keynote 8 (Day 2, a.m.); Session J (Day 2, p.m.) 
Scientist / Schistosomiasis 
WHO - HQ, Switzerland

Amadou Garba is a clinician with research and public health experience gained over from 
more than 20 years working on schistosomiasis and other neglected tropical diseases (NTDs) 
research and control in Africa. He managed the schistosomiasis control programmes to go 
to national scale in Niger and the NTD control programme of Niger from 2007 to 2011. From 
2012 to 2014, he worked with the WHO African region office to scale up NTD control in 
the region. Earlier in his career he was a researcher at CERMES in Niamey, a research centre 
that collaborates with the WHO on research in schistosomiasis. He conducted research on 
schistosomiasis morbidity using ultrasound, female genital schistosomiaisis, praziquantel 
efficacy trials and schistosomiasis risk assessment surveys prior to dam constructions in 
Burkina Faso and Benin. He conducted research and consultancies on several health issues 
such as meningococcal meningitis control, vaccines trials, HIV surveys and school health 
policy. He published book chapters and more than 60 scientific articles in peer review 
journals. He is a fellow of several scientific societies including the American Society of 
Tropical Medicine and Hygiene, the Royal Society of tropical medicine and Hygiene, the 
French society ‘Société de pathologie Exotique and RISEAL.

 
Margaret Gyapong         Session J (Day 2, p.m.) 
Director 
Dodowa Health Research Centre, Ghana

Margaret Gyapong is a Medical Anthropologist by training and Deputy Director for 
Research and Development in the Ghana Health Service in charge of the Dodowa 
Health Research Centre. She has an interest in health systems, implementation research, 
Demographic Surveillance, tropical diseases and gender. She has several publications in 
and is a reviewer for several international journals. She serves on a number of National 
and International committees and task-forces and has a part-time faculty appointment 
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Speakers

with the University of Ghana, and adjunct professorial appointments with the Brunel 
University in the UK and Georgetown University in the USA. 
 

Michael Hsieh         Session A (Day 1, a.m.) 
Associate Professor 
The George Washington University, USA

Michael Hsieh is the Stirewalt Endowed Director of the Biomedical Research Institute (BRI) 
in Rockville, the Principal Investigator of the NIH Schistosomiasis Resource Center (SRC) 
based at BRI, as well as a faculty member at Children’s National Medical Center and the 
George Washington University. The SRC supplies life cycle and molecular reagents and 
conducts training courses for S. haematobium, S. mansoni, and S. japonicum for research 
laboratories, free of charge, in 20 countries across the world. His laboratory is focused in 
large part on studying epithelial immunology using Schistosoma haematobium.

Francis Hyera           Session I (Day 2, a.m.) 
Head of Department
Public Health Medicine University of Limpopo, South Africa

Francis Hyera is a General Practioner in the Litembo Hospital in Tanzania and Head 
of EPR for the Tanzanian Ministry of Health. He is Head Clinical Unit and Head Clinical 
Department for the Public Health Medicine / LImpopo Provincial Department of Health. 
He is also a Senior Lecturer at the School of Health Systems and Public Health, UP, SA. 
He is Project Manager for the HIV Youth Programme, UNFPA, SA; for the Cervical Cancer 
Screening Programme, UNFPA/NDoH, SA; and for Reproductive Health - DFID/NDoH, SA. 
He is also a Logistics & Healthcare Waste Management Advisor for JSI/NDoH, SA, and a 
Consultant for Male Circumcision at the WHO in Geneva.

 

Charles King                    Keynote 7 (Day 2, a.m.); Session G (Day 2, a.m.) 
Professor of International Health 
Center for Global Health and Diseases School of Medicine, Case Western Reserve University, USA

Charles King is professor of International Health, and Epidemiology and Biostatistics at Case 
Western Reserve University in Cleveland, Ohio. He is a full-time faculty member at CWRU 
School of Medicine, and specialist in the areas of Infectious Diseases and Travel Medicine at 
the Cuyahoga County Board of Health. He received his BS from Massachusetts Institute of 
Technology, his MD from State University of New York Downstate Medical Center, and his 
MS in Statistics from the University of Michigan School of Public Health. His current research 
focuses on the modeling of transmission of infectious diseases and the prevention of disease 
due to helminthic infections. He is director of two research projects based in Coast Province, 
Kenya, which focus, respectively, on the ecology of Schistosoma haematobium transmission 
and on the impact of maternal parasitic infection on the health of the newborn.
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Speakers

Elisabeth Kleppa        Session D (Day 1, p.m.) 
PhD student 
Norwegian Centre for Imported and Tropical Diseases, Department of Infectious Diseases, Oslo University Hospital, Norway

Elisabeth Kleppa graduated from medical school at the University of Bergen, Norway, in 
2007. After finishing her internship working as a medical doctor she did the Diploma in 
Tropical Medicine and Hygiene (DTM&H) at the Liverpool School of Tropical Medicine. 
She then joined a research group working mainly on female genital schistosomiasis and 
spent two and a half years in KwaZulu-Natal, South Africa, working as a clinician and 
researcher. She is now finishing a PhD focusing on both clinical and laboratory findings in 
women with female genital schistosomiasis and the association with HIV. 

Elly Kourany-Lefoll           Session H (Day 2, a.m.) 
Head of Neglected Tropical Diseases Drug Development
External Translational Innovation Platform Global Health R&D Merck KGaA, Switzerland

Elly Kourany-Lefoll is the Head of Neglected Tropical Diseases Drug Development at 
Merck Serono, leading the Praziquantel Pediatric Consortium program. She has more than 
20 years’ experience in global drug development in the pharmaceutical/biotechnology 
industry and has efficiently lead non-clinical and clinical drug development as well as 
life cycle management projects in several therapeutic areas and built/managed high-
performing multinational and multidisciplinary project teams. She holds a PhD in 
pharmaceutical chemistry from the University of Paris XI, France and was a post-doctoral 
fellow at the Bureau of Drug Research, Ministry of Health, Ottawa, Canada.

Janis Lazdins                 Session B (Day 1, a.m.); Session F (Day 1, p.m.); Session L (Day 2, p.m.) 
Independent R&D Advisor 
Switzerland

Janis Lazdins-Helds is a physician and biomedical scientist with more than 30 years 
experience in the discovery and development of medicinal product for treatment 
of HIV (Atazanavir), malaria (Coartem), helminths (Egaten), cancer and inflammation 
(immunomodulators). During the academic tenure (Harvard Medical School, NIH/USA) 
participated in research that contributed to the establishment of the immunological bases 
of schistosomiasis granuloma formation. In 1998 joined the WHO Special Programme for 
Research and Training in Tropical Diseases leading product R&D activities (Onchocerciasis, 
LF, Schistosomiasis, Chagas Disease, African trypanosomiasis, leishmaniasis) and 
contributed to the development of the framework for private-public R&D partnerships; 
member of the WHO secretariat addressing “Public Health, Innovation and Intellectual 
Property”; member of the WHO Guidelines Review Committee; editorial adviser for Bulletin 
of the World Health Organization; member of the WHO team that negotiated the country 
strategy and plans of actions in several Latin-American countries. After retirement from 
WHO in 2009, provides advice to NGOs, public sector, academia and industry on technical, 
political and managerial issues related to R&D in developing countries.
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Peter Leutscher                        Keynote 5 (Day 1, p.m.); Session E (Day 1, p.m.) 
ID Consultant, MD, PhD 
Department of Infectious Diseases, Aarhus University Hospital, Denmark 

MD (Aarhus University, 1989), DTMH (Copenhagen University, 1993) PhD (Copenhagen 
University, 2000), specialist in clinical infectious diseases (Aarhus University Hospital, 
2008). Worked in Madagascar from 1993 to 2003 (researcher at the Pasteur Institute and 
medical officer for the US Embassy/Peace Corps), in Yemen from 2003-2005 (Medical 
Director, Yemen Hunt Company), and in Greenland, in 2008 (ID consultant). Main research 
focuses on urogenital schistosomiasis, cysticercosis, HIV, chronic viral hepatitis, TB, CNS 
infections. Development of clinical decision support and quality assurance IT systems 
(InfCare HBV/HCV, HIV and TB).

Benjamin Marfo           Session K (Day 2, p.m.) 
Deputy Program Manager NTDs, 
Ghana

Benjamin Marfo is a Medical Doctor, Masters Degree Holder in Public Health and Fellow in 
Public Health Policy and Management. Worked in various hospitals in Ghana from 1990-
2003. Became a district director of health services from 2003-2010. In 2010, joined the Focus 
Region Health Project (USAID) and was the Regional Coordinator of Health Services until 2012 
when he returned to the Ghana Health Services and was appointed as the Deputy Program 
Manager for the Neglected Tropical Diseases Program. Married with 3 children.
 
 
Collen Masimirembwa          Session H (Day 2, a.m.); Keynote 11 (Day 2, p.m.); Session K (Day 2, p.m.) 
President and Chief Scientific Officer 
African Institute of Biomedical Science and Technology (AiBST), Zimbabwe

Collen Masimirembwa is the founding President and Chief Scientific Officer of the African 
Institute of Biomedical Science and Technology, AiBST. He obtained his BSc (Hons) (1987-
1989) and DPhil in Biochemistry at the University of Zimbabwe (1990-1993) and PhD in 
Medical Biochemistry and Biophysics at the Karolinska Institute, Sweden (1993-1995). 
Collen won several top performance awards during his undergraduate studies and was 
awarded the Third World Academy of Sciences (TWAS) young investigators prize for his 
PhD work. In recognition of his discovery of the molecular genetic basis of why African 
people metabolize some drugs at a much reduced rate compared to Caucasians, he was 
awarded the Certificate of Distinction in the field of Biochemistry by the Government of 
Zimbabwe. Collen completed a postdoctoral fellowship at Uppsala University (Sweden) 
working on the molecular pharmacology of plasmodium falciparum drug resistance and 
new drug targets (1996-1997). He then worked for a leading pharmaceutical company, 
AstraZeneca in Sweden (1998-2007) as a Principal Scientist in DMPK and Bioanalytical 
Chemistry (BAC). Collen made novel and outstanding contributions to preclinical in 
silico, in vitro and in vivo DMPK & BAC. In parallel, Collen made important contributions 
to pharmacogenetics of drug metabolism and pharmacokinetics (DMPK) in African 
populations. With over 70 original publications in the field of Pharmacogenetics 
and DMPK, he is one of the leading scientists in this field resulting in the institute he 
founded, AiBST, being nominated a Centre of Excellence in Drug Discovery DMPK and 
Toxicology by the WHO-TDR and by ANDI (African Network for Drugs and Diagnostics 
Innovation). Collen has trained over 10 MSc and 5 PhD students in the fields of DMPK 
and Pharmacogenetics. He is also a recipient of many research grants including but not 
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limited to EDCTP, CDC (USA), ISP (Sweden) and TWAS and is involved in both contract 
and collaborative research with leading pharmaceutical companies and universities. 
Most of his work involves applications of DMPK and pharmacogenetics in the discovery, 
development and rational use of drugs in the treatment of infectious diseases and no 
communicable diseases in African populations. Through AiBST, Collen is championing 
a paradigm shift in Africa’s role and need to actively participate in pharmaceutical R&D 
healthcare solutions to combat the high diseases burden which continues to stifle the 
continent’s social and economic development.

Sibone Mocumbi                         Keynote 10 (Day 2, p.m.) 
Head, Service of Gynecology 
Gynecology and Obstetrics Department, Hospital Central de Maputo (HCM), Mozambique

Sibone Mocumbi is the Head of the Gynecology Service and Hospital Consultant in the 
Department of Gynecology and Obstetrics HCM. He is also an Assistant in the Faculty of 
Medicine at the Universidade Eduardo Mondlane in Maputo, Mozambique
 

Barbara Mukasa                      Keynote 4 (Day 1, p.m.); Session D (Day 1, p.m.) 
Executive Director 
Mildway, Uganda

Barbara Mukasa has more than 18 years of diverse experience as a healthcare professional 
in a developing setting and more than seven years managing integrated HIV programmes. 
Barbara completed her Masters in Public Health in 2007, with a bias in Health Systems 
Management and distinction in Epidemiology, Biostatistics, Research Methods and 
Demography. Her Masters thesis which focused on the desire to have children among 
women living with HIV, led to the initiation of Reproductive Health services as part of 
routine HIV service delivery at Mildmay Uganda in 2007. She has great experience 
working with both Community and National levels systems. She designed and led 
the implementation of the Mildmay Uganda Community Programmes model in 2008. 
Barbara also led the development and roll out of the Mildmay Uganda ‘OVC Circle of 
Providers’ model in 2008 which has since increased access to comprehensive services 
for over 20,000 OVC and their households every year in 16 districts of Uganda. Barbara 
was the Director of Clinical Services at Mildmay Uganda between 2009 and 2010 and 
then the Reproductive Health Advisor/Coordinator (NPPP–RH) - UNFPA/MoH October 
2010 – October 2011 supporting the implementation and roll-out of the “Roadmap for 
Accelerating the Reduction of Maternal and Neonatal Mortality and Morbidity in Uganda” 
focusing on Health Systems Strengthening for Emergency Obstetrics and Neonatal Care 
(EmONC), Family Planning services delivery, including Reproductive Health Commodity 
Security (RHCS). She left her job at UNFPA to take on the role of Executive Director Mildmay 
Uganda in October 2011, to date. 
 

Pavitra Pillay                         Session C (Day 1, a.m.)
Senior Lecturer, Department of Biomedical and Clinical Technology
Faculty of Health Sciences, Durban University of Technology, South Africa

Pavitra Pillay is a senior lecturer in the Department of Biomedical and Clinical Technology, 
and former Head of Department from 2006 to 2014. Her clinical area of specialization is 
Cytotechnology. She completed the Master of Public Health Degree in 2004. Her research 
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then focused on cervical cancer among South African women, which is still a current health 
problem. She is currently pursuing her PhD which is based on the early detection and 
pathological effects of Schistosomiasis among girls and young women. The high prevalence 
of this infection is closely correlated with poverty, poor sanitation, and poor health services. 
 

Gita Ramjee                      Keynote 2 (Day 1, a.m.); Session A (Day 1, a.m.)
Director, HIV Prevention Research Unit
 South African Medical Research Council, South Africa London School of Hygiene & Tropical Medicine, UK

Gita Ramjee is a world-renowned scientist specializing in HIV prevention and treatment 
research with integrated care programmes among women and men in communities 
around the greater Durban area in South Africa. Her expertise as a world class HIV researcher 
and an expert in HIV prevention among women has been recognized both locally and 
internationally. She is a Chief Specialist Scientist and the Director of the South African 
Medical Research Council’s HIV Prevention Research Unit. She has been acknowledged 
internationally for her expertise in the field of microbicide research; she holds an Honorary 
Professorship from the London School of Hygiene and Tropical Medicine, London, UK; 
been presented with a Lifetime Achievement Award for HIV Prevention in 2012 and is 
also a recipient of several local and International awards. She has published more than 
145 research articles and is a member of several local and international committees and 
advisory groups. She is a Fellow of the Royal Society of Medicine. She is a reviewer and 
editor of several scientific journals.
 

Refilwe Sello        Session G (Day 2, a.m.) 
Technical Lead Policy 
Family Health International 360, South Africa

Refilwe Sello is an internationally-trained clinician with a special Masters of Public Health 
and Masters of Tropical Medicine from the Tulane School of Public Health and Tropical 
Medicine and post-graduate diploma in palliative care medicine from University of Cape 
Town. With over 10 years experience that includes clinical work, primary health care, national 
and international public health in HIV related issue, she has demonstrated success in 
implementing integrated comprehensive HIV treatment, care and support, and prevention 
programs in youth, adolescents, women and children including early infant diagnosis, HIV 
counseling and testing, adolescent living with HIV transition to adulthood and adolescent 
sexual reproductive health services. She is currently Technical Lead Policy at FHI360, South 
Africa. In her position, she provides strategic, high-level guidance and support to South 
Africa government and stakeholders on policy development to strengthen integration of 
care & support services into broader health and social programming. She works closely 
with the South Africa government at National, provincial and district level and with 
community based organizations and other stakeholders including PEPFAR partners.

Sonja Skopp           Session H (Day 2, a.m.) 
Director Analytical Development
Chemical and Pharmaceutical Development Merck KGaA, Germany

Sonja Skopp holds a PhD in Organic-Analytical Chemistry and has more than 12 years’ 
experience in Quality, Analytical and Pharmaceutical Development. She started in a 
quality management and regulatory affairs position at BASF, being responsible for CMC-
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related tasks for marketed as well as new APIs and excipients starting in 2002. At Merck 
she held various positions within Analytical Development of APIs and finished products 
since 2004 and was AD expert and CMC leader for different NCE development projects 
in different clinical stages during the past 10 years. Since 2012 she is Director Analytical 
Development at Merck Serono. Since late 2011 she is working as CMC leader for the 
Pediatric Praziquantel Consortium and additionally heading a group, where the main tasks 
are managing and coordination of analytical experts for different development projects, 
execution of outsourcing activities as well as bringing forward other strategic initiatives.

Louis-Albert Tchuem Tchuenté                   Session G (Day 2, a.m.); Session J (Day 2, p.m.) 
Director 
Centre for Schistosomiasis and Parasitology, Cameroon

Louis-Albert Tchuem Tchuenté is Professor of Parasitology at the University of Yaoundé, 
Director; founder of the research Centre for Schistosomiasis & Parasitology, and 
Coordinator of the National Programme for the Control of Schistosomiasis and Intestinal 
Helminthiasis in Cameroon. He has over 25 years of experience in various aspects of 
management, research and control of schistosomiasis, soil-transmitted helminthiasis 
and other neglected tropical diseases. Through his scientific discoveries, he contributed 
to a better knowledge of the reproductive biology of schistosomes and its implications 
on the epidemiology of schistosomiasis. He provided strategic direction and built high 
political commitments for the control of neglected tropical diseases in Cameroon, with 
significant achievements. In 2012, he joined the World Health Organization – Regional 
Office for Africa – where he worked as focal person for preventive chemotherapy 
neglected tropical diseases and PC-NTD mapping at the Inter-country Support Teams 
for Eastern and Southern Africa, Central Africa, and West Africa. He also served as focal 
person for schistosomiasis and soil-transmitted helminthiasis control and elimination in 
the African region, and focal point for the China-Africa collaboration for the elimination of 
schistosomiasis in Africa. He is member of several international Advisory Committees, and 
is on the editorial board of several international journals. He serves as the Regional Adviser 
for Africa of the UK Royal Society of Tropical Medicine and Hygiene. He received several 
awards and distinctions and has published over 100 papers in peer-reviewed journals.

Govert van Dam                    Session C (Day 1, a.m.)
Senior Research Scientist Department of Parasitology 
Leiden University Medical Center, The Netherlands

Govert van Dam started in 1988 as a Ph.D. student at the Department of Parasitology of the 
Medical Faculty of the Leiden University (later LUMC) After having performed his study of 
Chemistry with a major in Analytical Chemistry, at the University of Utrecht. He obtained 
his doctorate degree (cum laude) on the thesis ‘Circulating gut-associated antigens of 
Schistosoma mansoni: biological, immunological, and molecular aspects’, under prof. 
dr. A.M. Deelder, in 1995. Towards the end of his Ph.D. and after, he contributed as a 
research scientist to the following projects: “Epidemiology, serology and chemotherapy 
of Schistosoma in a recently exposed community near Richard Toll, Senegal” (STD3 –EG, 
1993-1995), “Field applicable antigen assays for human schistosomiasis: a multi-centre 
development and implementation study” (INCO-DC EG, 1997 – 2001), “Diagnostic Tests 
for Tropical Diseases” (Biopartner First Stage Grant, 2005-2007), “Multi-disciplinary studies 
of human schistosomiasis in Uganda, Kenya and Mali: New perspectives on morbidity, 
immunity, treatment and control” (INCO EU, 2006 – 2010), and “Enhancing the CAA Assay 
for Diagnosis of Schistosomiasis” (SCORE, 2010 – currently). The latter developments 
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have resulted in an ultrasensitive and highly specific diagnostic assay that is now being 
employed in various collaborative projects. Overall, he has experience for over 25 years 
in research at the LUMC on schistosome circulating antigens and development of 
highly sensitive and specific immunodiagnostic assays, including field-applicable assays. 
One of the tests is now available from a company in South-Africa and available as a 
commercial assay. Over the years he has been internationally recognized as an expert 
in schistosomiasis diagnostics and received many invitations for various international 
conferences and expert workshops.
 

Bellington Vwalika         Session I (Day 2, a.m.)
Consultant Obstetrician and Gynaecologist 
University Teaching Hospital, Zambia

Bellington Vwalika is a Consultant Obstetrician/Gynaecologist/Epidemiologist and Head 
of Obstetrics and Gynaecology at University Teaching Hospital in Lusaka. He is also an 
honorary lecturer at the University of Zambia. He serves on Zambian national technical 
Working Groups on HIV/AIDS, Family Planning and Maternal Health. He conducts 
outreach obstetric and gynaecological services to rural Zambia under the auspices of 
Federation of Health Institutions in Zambia. He has designed and directs a course aimed 
at task shifting of obstetrics and gynaecology practice to clinical officers then called 
medical licentiates since 2001. He has been designated Maternal and new born Health 
Champion for Africa under the Maternal and Child Health Integrated Program under 
USAID. He has held office in the Zambia Medical Association and the Zambia Association 
of Obstetricians and Gynaecologists. He is a reviewer for several international journals. He 
publishes extensively in peer-reviewed journals.
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Keynote Presentation 7: Day 2, a.m. session 

Schistosomiasis haematobia and Infertility in 
Coast Province, Kenya

Sarah C. Miller-Fellows1, Vanessa Hildebrand1, Jennifer Furin1, Charles H. 
King1 
1 Case Western Reserve University, Cleveland, OH, United States

 

We examined reproductive patterns, cultural practices surrounding reproduction, and 
the potential effects of childhood urogenital S. haematobium infection and treatment 
on adult subfertility among women in Coast Province, Kenya. Previous research has 
documented an increased risk of subfertility in areas of sub-Saharan Africa due to 
high rates of pelvic infection, as well as an ecological association between urogenital 
schistosomiasis prevalence and decreased fertility. This project analyzed findings from 
162 interviews with women of childbearing age in a rural, coastal community, linking 
them to their individual treatment records from a previous 30+ year longitudinal study of 
parasitic infections. Both quantitative and qualitative findings were included. Reproductive 
histories suggested a much higher rate of subfertility (43.8%) than worldwide averages 
(8-12%). Qualitative analysis regarding reproductive practices demonstrated a high 
saturation of public health messages regarding proper pregnancy care, co-existing with 
continuing ethnomedical beliefs. Although no significant relationship was demonstrated 
between Schistosoma infection history and adult subfertility due to the high regional 
prevalence of schistosomiasis, significant associations were found between age at first 
treatment and fertility in adulthood, with those treated before age 21 less likely to have 
subfertility (p=0.001). The high subfertility rate documented in this study suggests the 
importance of public health programs to prevent and treat pelvic infections in their 
early stages to prevent reproductive tract damage. The qualitative findings suggest the 
successful saturation of some public health messages regarding pregnancy care, such 
as the importance of sleeping under bednets in malaria-endemic regions. However, 
other messages, such as the importance of seeking prenatal care, were less frequently 
mentioned. Finally, the findings suggesting the importance of early treatment to prevent 
the fertility-damaging effects of urogenital schistosomiasis lend further support for 
programs for universal treatment of children in endemic regions.
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Keynote Presentation 8: Day 2, a.m. session  

Optimization of PZQ treatment in young 
children is needed to prevent Female Genital 
Schistosomiasis

Amaya L. Bustinduy1, David Waterhouse1, Jose C. de Sousa-Figueiredo1, 
Aaron Atuhaire2 , Govert J. Van Dam3, Paul L.A.M. Corstjens5, Janet T. 
Scott4, Michelle C. Stanton1, Narcis B. Kabaterine2, Stephen Ward1, William 
W. Hope4, J. Russell Stothard1

1 Department of Parasitology, Liverpool School of Tropical Medicine, Liverpool, UK
2 Vector Control Division, Ministry of Health, Kampala, Uganda; 
3 Department of Parasitology, Leiden University Medical Centre, Leiden, The Netherlands; 
4 Department of Molecular and Clinical Pharmacology, University of Liverpool, UK
5 Department of Molecular Cell Biology, Leiden University Medical Centre, Leiden, The 
Netherlands

Background: Praziquantel (PZQ) is regarded as effective for the treatment of Schistosoma 
haematobium (Sh) infection at the current WHO standard recommended dose of 40 
mg/kg. PZQ is delivered to school-age children annually through control programs and 
the dose is directly extrapolated from adult dosing. However the reversal of urogenital 
morbidity after a single PZQ dose is in question. Since no PZQ pharmacokinetics/
pharmacodynamics (PK/PD) studies in children have been conducted in Sh endemic 
areas, we present the first PZQ PK/PD study in children from a S. mansoni area and discuss 
possible implications for the treatment of S. haematobium infections and prevention of 
urogenital schistosomiasis-associated morbidity like female genital schistosomiasis (FGS). 

Methods: Sixty Ugandan children aged 3-8 years old with egg-patent S. mansoni 
infection were assigned to receive either PZQ at standard low (40 mg/kg) or standard 
high (60 mg/kg). Plasma levels of R- and S- enantiomers of PZQ were quantified by liquid 
chromatography-mass spectrometry. PD outcomes were measured 24 days later by 
faecal egg-counts and schistosome serum- and urine-antigen assays. Parasitological cure 
rate (CR) was defined as a negative faecal egg count at 24 days. Population PK/PD analysis 
and Monte Carlo simulations were applied. 

Findings: Considerable individual variation in PK profiles of PZQ was observed. CR 
Parasitological cure rate (CR) was strongly associated (OR: 4.72, 95 % CI (1.5-14.8)) with 
the Area Under the Concentration time curve (AUC) of S-PZQ and not R-PZQ. Comparing 
40 mg/kg to 60 mg/kg dosing, both CR (68% vs. 82 %) and egg reduction rate (82% 
vs. 91%) were lower. Monte Carlo simulations suggest even higher dosing, especially in 
younger boys (3-5 years), is needed. Detectable circulating antigens (CCA and CAA) reveal 
an important residual worm burden.

Conclusions: This first PK/PD study shows that current WHO recommended dosing (40 
mg/kg) is sub-optimal and favours higher dosing, particularly in preschool children. 
S-PZQ and not R-PZQ appears as the biologically active enantiomer against S. mansoni. 
Further urgent PK/PD studies are needed across Schistosoma species, in particular in S. 
haematobium endemic settings where established genital lesions in FGS have shown 
little response to PZQ treatment. Delaying PZQ delivery until school age may be in part 
responsible for this failure. As preschool children are included in control efforts, optimizing 
PZQ dosing becomes paramount and may effectively prevent FGS at a community level 
and with it the disabling effects in young women’s reproductive life.
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Keynote Presentation 9: Day 2, a.m. session 

Treatment of Female Genital Schistosomiasis 
with Praziquantel: A Novel Approach based on 
the Pathophysiology of Genital Lesions

Hermann Feldmeier1, Peter Leutscher2, Gilles Riveau3, Jutta Rein-
hard-Rupp4, Sandra Fülbier5, Pamela Sabina Mbabazi6

1 Institute of Microbiology and Hygiene, Charité University Medicine, Berlin, Germany 
2 University of Aarhus, Aarhus, Denmark 
3 ESPOIR, St. Louis, Senegal 
4 Merck Serono S.A., Coinsins, Switzerland 
5 Merck KGaA, Darmstadt, Germany 
6 Department of Control of Neglected Tropical Diseases, World Health Organization, 
Geneva, Switzerland 
 

Female genital schistosomiasis (FGS) is caused by the infection with Schistosoma 
haematobium and/or S. mansoni. FGS is considered to be the most common gynaecologic 
condition among girls and women living in poverty in sub-Saharan Africa and is associated 
with substantial morbidity. Hitherto, it is not known how to treat FGS in an optimal way.

There is substantial evidence that FGS is the result of a deviated immune response, leading 
to a predominantly pro-inflammatory type of immune reaction. The inflammation affects 
epithelial, sub-epithelial as well as mucosal and sub-mucosal genital tissue including 
small blood vessels. The inflammatory immune response is triggered by antigens released 
from adult worms and viable eggs. 

Studies in S. haematobium and/or S. mansoni-infected individuals have shown that 
the schistosomiasis-associated immune-deviation resolves when all adult worms are 
removed by chemotherapy. In the case of urinary schistosomiasis this is paralleled 
by the disappearance or at least- in advanced stages - by a significant regression of S. 
haematobium-associated pathology in the urinary tract. It is, therefore, assumed that the 
complete elimination of adult worms in women with FGS leads to regression of FGS-
associated clinical pathology.

Since a single dose of praziquantel guarantees no cure - except in very light infections 
and where there is no risk of re-infection - treatment has to be repeated. Repeated 
treatment with praziquantel spaced over an appropriate time frame will ensure that 
all existing worms are killed and no new infection is established during the follow-up 
period. The design of a randomized controlled trial is described in which women with 
FGS receive different regimes of praziquantel and are monitored for four months using 
parasitological, clinical and immunological outcome measures.
.

26 Selected Abstracts for Oral Presentations



Keynote Presentation 11: Day 2, a.m. session 

In vitro biotransformation and enzyme kinetic 
characterization of R- and S-praziquantel 
metabolism

Roslyn Thelingwani1, Nada Abla2, Howard Burt3, Ralf Schmidt4, 
Wilhelmina Bagchus4, Hugues Dolgos5, Jutta Reinhard-Rupp6, and Collen 
Masimirembwa1

 

1 AiBST, Zimbabwe
2 MMV, Geneva 
3 SimCyp, Sheffield 
4 EMD Serono, Billerica 
5 Merck KGaA, Darmstadt 
6 Merck Serono, Coinsins 
 

Background: Praziquantel (PZQ) was developed in the 1970s by Bayer and Merck 
to treat Schistosomiasis. PZQ tablets are donated by Merck to WHO for mass drug 
administration (MDA) programs in endemic countries. A new pediatric formulation for 
the active enantiomer R-PZQ and the racemate PZQ is under development by a public-
private partnership. Currently there is limited drug metabolism data on PZQ available. A 
more detailed knowledge of PZQ metabolism would enable the use of physiologically 
based pharmacokinetic (PBPK) modeling to determine appropriate doses for the new 
formulations in pediatric patients and to predict risks for drug-drug interactions in MDA 
use of the drug.

Methods: Reaction phenotyping studies: Using recombinant cytochrome P450 (CYP) 
enzymes (CYPs 1A1, 1A2, 2A6, 2B6, 2C9, 2C19, 2D6, 2E1, 3A4 and 3A5) and human liver 
microsomes (HLM), the major enzymes involved in the metabolism of R and S-PZQ were 
determined using Simcyp software. Biotransformation studies: Novel mono-hydroxyl 
metabolites of PZQ were identified using LC-MSMS techniques. Enzyme kinetic studies: 
Michaelis-Menten kinetics, Km and Vmax of the formation of the main metabolites were 
determined by LC-MSMS. PZQ metabolic interactions: Potential metabolic interactions 
between the R- and S- isomers of PZQ in human CYP450 enzymes have been observed. 

Results: Studies in HLM and r-CYPs indicate the major involvement of CYP3A4/5 
>CYP2C19>CYP1A2 in the metabolism of R-and S-PZQ. Biotransformation studies showed 
that PZQ is metabolized to cis-4-OH-PZQ mainly by CYP1A2 and CYP2C19. CYP3A4/5 
on the other hand metabolize PZQ to a novel and major mono-hydroxyl metabolite 
currently referred to as X-OH-PZQ whilst CYP2D6 metabolized PZQ to minor novel mono-
hydroxyl metabolite referred to as Y-OH-PZQ, pending structural elucidation by NMR. 
PZQ clearance studies from both PZQ depletion and the formation of the mono-hydroxyl 
metabolites indicate a potential of R- and S-PZQ metabolic interactions. 

Discussion & Conclusions: The differential role of CYP1A2 & CYP2C19 and of CYP3A4 
& CYP3A5 in the formation of the 4-OH-PZQ and the novel X-OH-PZQ respectively are 
intriguing new findings as the X-OH-PZQ has not been reported previously in humans. 
NMR studies are required to establish the chemical structures of X-OH-PZQ and Y-OH-
PZQ. Secondly, in the in vitro setting, cis and not trans 4-OH-PZQ formation has been 
observed contrary to many in vivo reports in humans which indicate that the trans 4-OH-
PZQ is the main metabolite. The potential metabolic interaction between R- and S-PZQ 
needs to be further explored. These metabolism studies clearly indicate a more complex 
metabolism for racemic PZQ and its enantiomers than initially expected.
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Breakout Session Presentation A: Day 1, a.m. session 

Mice: the Pathway to Causally Link Female 
Genital Schistosomiasis and HIV Susceptibility?

Monica Richardson, Chi-Ling Fu, Luke Pennington, Jared Honeycutt, Simon 
Conti, Justin Odegaard, Michael Hsieh
Departments of Urology and Pathology, Stanford University, Stanford, California, USA 
Stanford Immunology, Stanford University, Stanford, California, USA 
Biomedical Research Institute, Rockville, Maryland, USA 
Children’s National Health System, Washington, DC, USA 
The George Washington University, Washington, DC, USA 
 

Female genital schistosomiasis (FGS) is caused by Schistosoma haematobium eggs 
deposited in the female reproductive tract by adult worms. Although FGS causes pelvic 
pain, vaginal bleeding, disfigurement, infertility, it also increases the risks of contracting 
sexually transmitted diseases such as HIV. The associated mechanisms remain unclear due 
to the lack of a tractable animal model. To model FGS in mice, we injected S. haematobium 
eggs into the posterior vaginal walls of female mice. This resulted in reproducible, 
synchronous vaginal granuloma development within 2 weeks post-egg injection and 
lasting for at least 8 weeks after injection. Flow cytometric analysis of vaginal granulomata 
revealed infiltration by T cells with variable expression of the HIV target molecules 
CXCR4 and CCR5. Granulomata also contained CD11b+F4/80+ cells (macrophages and 
eosinophils) as well as CXCR4+MerTK+ macrophages. Ongoing studies will characterize 
the mechanisms by which HIV target cells are recruited to vaginal granulomata, including 
in ongoing work using humanized mice.
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Breakout Session Presentation C: Day 1, a.m. session 

An ultra-sensitive urine-based assay targeting 
the circulating anodic antigen (CAA) for 
diagnosis of urogenital and intestinal 
schistosomiasis in low-endemic areas

Govert J. van Dam1, Claudia J. de Dood2, Dieuwke Kornelis1, Lisette van 
Lieshout1 and Paul L.A.M. Corstjens2

1 Department of Parasitology (Clinical Parasitology group), Leiden University Medical 
Center, Leiden, The Netherlands 
2 Department of Molecular Cell Biology, Leiden University Medical Center, Leiden, The 
Netherlands 

The well-studied schistosome antigen detection assays CCA- and CAA-ELISA have been 
transformed into a Point-of-Care rapid test (POC-CCA) and an ultra-sensitive UCP lateral 
flow based strip assay (UCP-CAA), resp. The simple field applicable POC-CCA test may 
replace the Kato-Katz testing for prevalence mapping of community-level S. mansoni 
infections using a single drop of urine. However this test shows variable sensitivity in the 
diagnosis of S. haematobium. The recently developed UCP-CAA assay detects antigen in 
serum or urine of all schistosome species at sub-pg levels, a sensitivity allowing detection 
of single worm infections. The assay has been transformed into a robust, dry-reagent 
based test, and is currently used in several low-resource settings in Africa. In combination 
with optimized sampling schedules involving pooled urines this would allow relatively 
rapid identification of foci of low prevalence/intensity S. haematobium and S. mansoni 
infections. Recent studies using the 2 ml urine dry reagent UCP-CAA format performed 
in low prevalence (<2%), S. haematobium settings (near elimination) show an over 10-
fold increase in the prevalence of active schistosome infections. Similar results have been 
shown for S. japonicum settings in China and S. mansoni settings in Brasil. The UCP-CAA 
strip assay therefore is a highly valuable sensitive diagnostic tool, for screening and case 
finding in very low prevalence areas, including pre-elimination settings.
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Breakout Session Presentation C: Day 1, a.m. session 

Cytology and PCR as diagnostic tools for Female 
Genital Schistosomiasis in a population of young 
women aged 16-21 years from rural South Africa

P Pillay1,2, M Taylor2, SG Zulu2, SG Gundersen3, E Kleppa4, K Lillebo4, EF Kjet-
land2,4, L van Lieshout5, B Roald4

1 Durban University of Technology, South Africa 
2 University of KwaZulu Natal, South Africa 
3 University of Agder, Norway  
4 Oslo University Hospital, Norway,  
5 Leiden University Medical Center, The Netherlands 
 
 
Background: The Schistosoma haematobium parasite accounts for more than two thirds 
of infections from the Schistosoma species genus in Sub-Saharan Africa and has been 
suggested to be a co factor in the acquisition of HIV and infections causing cancer. S. 
haematobium infected women and girls may have urinary or female genital schistosomiasis 
(FGS), which are poverty-related water-transmitted parasitic diseases. FGS is characterised 
by the host response to parasite eggs that are lodged in the mucosa of the cervix, vagina 
and uterus, it is suggested that this reaction could make the mucosa more susceptible 
to HIV and cervical abnormality. Biopsies could be considered a more accurate means 
of diagnosing FGS; however they are not feasible in populations that are also at risk for 
HIV. In a young South African population we explore the use and relevance of Pap smear 
cytology, Schistosoma PCR in urine and vaginal lavage as alternate diagnostic tools. 

Methods: Pap smears, vaginal lavage and urines were collected from 410 young women 
aged 16-21 years from rural high schools in KwaZulu Natal, South Africa. Pap smears were 
examined microscopically and reported using the Bethesda system of reporting for the 
presence of ova of S. haematobium, squamous cell atypia, other pathogens, inflammatory 
cells and other relevant diagnostic variables. The category of squamous cell atypia includes 
the following cytological entities: atypical cells of undetermined significance (ASCUS), 
low grade squamous cell atypia (LSIL) encompassing HPV/mild dysplasia and high grade 
squamous cell atypia (HSIL) encompassing moderate and severe dysplasia and features 
suspicious for invasion.Two urine subsamples of 10 mL were examined by microscopy for 
the presence of S. haematobium eggs. Vaginal lavage was performed by spraying 10ml 
saline four times on the cervico-vaginal mucosal surfaces. Quantification of Schistosoma-
specific DNA by an ITS-based real-time PCR was performed on 200mL aliquots of 
urine and vaginal lavage samples using an automated DNA isolation and PCR set-up.  

Results: S. haematobium ova were detected in 9/410 (2.0%) of the Pap smears and in 
81/410 (19.8%) of the urines. Schistosoma-specific DNA was found in 93/410 (22.7%) 
of the urines and 39/410 (9.5%) of vaginal lavages. There was a significant association 
between S. haematobium in Pap smears and in positive urine microscopy (OR (Odds ratio) 
of 5.35, 95% CI (Confidence interval) =1.4 - 20.4, p= 0.014), PCR lavage (OR of 95.5, 95% 
CI=11.5-788.3, p<0.001), PCR urine (OR of 12.8, 95% CI 2.6- 62.8, p=0.02). Using PCR lavage 
as a gold standard the sensitivity of the Pap smear was 21% and the specificity was 100%. 
Atypia was found in 115/410 (28.0%) of the women, this was not significantly associated 
with any of the diagnostic tests for schistosomiasis. This could represent a Type 2 error.   

Conclusions: The intravaginal lavage PCR detected almost six times more positive cases 
than Pap smears. Despite, the sub-optimal Pap smears, squamous cell atypia was detected 
in a young population who are not conventionally screened for cervical cancer. However, 
there was no significant association between those participants who had any atypia and 
those who were Schistosoma DNA positive in the lavage samples.The low sensitivity 
of the Pap smears may be in part attributed to sub-optimal cytology smears due to 
factors such as poor preservation and poor visibility of cells due to thick areas containing 
inflammation or blood.  Lavage PCR might be a useful indicator of FGS but should be 
explored alongside other diagnostic tests such as colposcopy. The long term outcome 
of squamous cell atypia in a young population also requires further investigation. An 
alternate to conventional Pap smears such LBC should be explored in the the diagnosis 
of female genital schistosomiasis.
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Breakout Session Presentation H: Day 2, a.m. session 

A Case Study: The Pediatric Praziquantel 
Consortium - Fighting Schistosomiasis in Young 
Children

Deon Bezuidenhout1, Sonja Skopp2

1 Merck South Africa, Merck Serono Global Clinical Operations 
2 Merck KGaA R&D Chemical and Pharmaceutical Development 
 

The current gold standard treatment of schistosomiasis for mass drug administration 
employs annual single oral dose of the drug praziquantel (PZQ) 600 mg tablets, jointly 
developed by Bayer and Merck in the 1970s. The tablet is available as an oral immediate 
release tablet for adults and school-aged children. 
 
The available formulation of PZQ is not suitable for pediatric use and cannot be readily 
administered to children especially to preschool-age children and infants. The drug product 
consisting of the two enantiomers, levopraziquantel (L-PZQ) and dextropraziquantel 
(D-PZQ), has a severe bitter taste, which can lead to gagging or vomiting if tablets are 
chewed. To date traditional methods of taste masking have been ineffective for PZQ. The 
described age groups of children have difficulties swallowing the medication due to the 
large size of the tablet. Important quality and efficacy issues can be raised. Moreover, the 
tablets are not registered for pediatric use in pre-school aged children and lack adequate 
clinical data in this population. In the context of female genital schistosomiasis (FGS), 
regular treatment of young girls at pre-school age in schistosomiasis endemic areas 
might be considered as an important measure to prevent the disease early on.
 
In order to tackle this important public health problem, a consortium was formed in 
July 2012 under the leadership of Merck with the goal of developing a suitable pediatric 
praziquantel formulation appropriate for children from the age of 3 months to 6 years and 
register its use in schistosomiasis. The new formulation will preferably contain the L-PZQ 
enantiopure active pharmaceutical ingredient (API), yet formulation of the racemate PZQ 
is also considered as a parallel development until a final decision in Q3 2015 is taken. The 
project has completed the pre-clinical phase and entered Phase I clinical trials in the last 
quarter of 2014. A next step will be to further elaborate the regulatory access strategy for 
the later marketed product for African countries. 
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Scientific Justification for the Workshop

The information provided below is intended to be a starting point  
that will be the basis for further discussion during the Workshop.

Histology in genital schistosomiasis
The tissue around both viable and dead S. haematobium eggs portrays increased 
vascularity and a high density of cells such as macrophages, lymphocytes, 
foreign body giant cells, eosinophils, neutrophils, plasma cells, Langerhans 
cells, fibroblasts, and multinucleate histiocytes. Even calcified eggs may induce 
the influx of immune cells and blood vessel proliferation, local bleeding 
and oedema. The exact natural history of the local immune reaction to S. 
haematobium eggs in different phases is not known, but should be explored  
as it will have implications on treatment schedules and in choosing the best 
target populations for costly interventions.

The mucosal remains of childhood infection
Female genital schistosomiasis (FGS) has been defined as having sandy patches 
and / or microscopically proven S. haematobium eggs in genital tissue. The 
largest clinical studies in adult women living in endemic areas have found that 
the prevalences of women with sandy patches, contact bleeding, or eggs in 
genital tissue seem to be fairly constant in adulthood. Mucosal and stromal lesion 
severities do not follow the same characteristic decline with age as urinary egg 
excretion. It is well known that urinary S. haematobium egg excretion rises steadily 
to a peak in the early teenage years, falling to relatively low levels in adulthood. The 
trend is almost independent of duration of exposure, fuelling the theory that the 
onsets of phenomena around puberty offer some protection against the worm. 
Urinary egg excretion is significantly correlated with urinary tract morbidity in 
the young, but there is no such correlation in adults. While egg count in urine 
(currently interpreted as intensity of infection) is used as an overall proxy for S. 
haematobium worm burden, the genital involvement seems to be associated with 
the presence of eggs in urine but not with the intensity of infection. Lesions have 
been found to be more persistent in adults, possibly because many lesions now 
constitute calcified, dead eggs and chronic immunological reactions. In clinical 
practice, the cervix, the Fallopian tubes, and the vagina are the most common 
gynaecological sites found to contain Schistosoma eggs. However, eggs seem to 
be almost equally distributed in the pathophysiologically vital areas in the pelvis, 
indicating that identification of disease on the cervix may reflect upper genital 
tract disease.

Age and genital schistosomiasis
One community-based study has shown that almost 50% of children who had 
urinary ova excretion in a high-endemic school had genital symptoms this last 
week. Urinary ova and symptoms (ulcers, tumours, burning genital sensation, 
bloody, malodorous discharge) could hence be indicators of childhood FGS. 
However, these findings should be triangulated with genital examination. 
Adolescents are often too shy to come for gynaecological investigations  
the first few years after sexual debut. Hence case reports have been our only 
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source of information on pathogenesis and most of these manifestations 
are reported from the vulval regions. Since intravaginal inspection in virgins is 
undertaken only in exceptional circumstances, one cannot know what these sites 
look like. However, a vaginal polyp was found in a 3-year-old, a 4 cm by 4 cm 
‘raised, reddened area’ in the upper third of the vagina was found in a 16-year-old, 
and sandy patches have been found in the cervix of a 15-year-old. Collectively this 
points towards a much greater burden of disease than presently acknowledged.

Genital schistosomiasis and the susceptibility to HIV
The cervix is the site of most HIV acquisition, and the relative frequencies  
of the mucosal immune cells are critical determinants of HIV transmission. 
Calcified S. haematobium eggs in genital tissue have been found to increase the 
density of HIV receptive CD4 cells and treatment has been found to decrease 
HIV receptors in genital tissue and blood. Compared with healthy tissue, ulcers 
caused by sexually transmitted infections (STIs) such as Herpes simplex virus, 
primary or secondary syphilis, had significantly higher numbers of neutrophils and 
macrophages expressing HIV co-receptors on the cell surfaces, critical for primary 
HIV transmission. Yet STI treatment studies have been marred with a lack of effect 
on HIV incidence, all of which have been performed in schistosomiasis endemic 
areas without taking genital schistosomiasis into consideration. Peripheral blood 
mononuclear cells in S. mansoni infected individuals also express higher levels of 
HIV co-receptors. This may indicate that the lesion(s) around the eggs in genital 
mucosa provide an entry point for the HIV.

Dually infected women and men, with schistosomiasis and HIV, may pose an 
additional risk of HIV transmission to their partners. Increased levels of HIV virus 
have been demonstrated in genital ulcers, compared with neighbouring normal 
tissue in the same women, and this may hold true for schistosomal lesions as 
well. Genital HIV-RNA excretion increases in the presence of reproductive tract 
diseases in women and men alike. Similarly, S. haematobium infection has been 
hypothesized to cause increased viral shedding into the semen of HIV infected 
men as a result of egg-induced inflammation in the seminal vesicles and the 
prostate. This meeting will therefore call on the participation by experts in male 
genital schistosomiasis, immunology, STIs and pathology.

Diagnosis of genital S. haematobium
Wet smears and PAP smears may contribute to the diagnosis of FGS, but their 
sensitivity is low. Tanzanian and Zimbabwean studies have shown that 23-41% of 
the women with negative urine tests had FGS. The crushed biopsy of genital tissue 
was previously deemed to be the gold standard for the parasitological diagnosis 
of genital S. haematobium. However, the eggs are located in highly focal clusters 
and one may miss them in histological sectioning of a biopsy. Moreover, taking a 
biopsy for the diagnosis of genital S. haematobium remains an HIV transmission 
risk for the patient and her partner until the inflicted wound has healed, raising 
due ethical concern. Where funds are available, an alternative to the biopsy is the 
Schistosoma real-time polymerase chain reaction (PCR). However, in a pilot study 
on FGS, the sensitivity in vaginal lavage was only 53%. The sensitivity was better 
in younger women (67%), suggesting that Schistosoma DNA from eggs (that have 
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a limited life span) is maybe more likely present in recent lesions. Increased levels 
of eosinophil cationic protein, Neopterin or IgA in cervico-vaginal lavage have 
only limited value in the diagnosis of female gynaecological schistosomiasis. 
Furthermore, S. haematobium eggs may be found in almost every organ of the 
body and there may sometimes be no inflammatory reaction. Hence, the presence 
of S. haematobium eggs in a lesion or discharge may not always be the cause. A 
consensus meeting it has been concluded that, in patients from S. haematobium 
endemic areas visual inspection is the best diagnostic tool. However, it requires 
training, good light and magnification and, if a colposcope is available, an unusual 
way of using it. This meeting will call upon experts in diagnosis to define the new 
research agenda in this increasingly important topic.

The possible impact of treatment
Of parasitic infections schistosomiasis is second only to malaria in terms  
of public health impact and has been estimated to affect at least 250 million 
people, which means that worldwide an equivalent of one in 30 people are 
affected. Urogenital schistosomiasis is endemic in 53 countries in Africa and the 
Middle East. The control groups in all studies to date are women who had been 
exposed to the same water sources. Hence the differences between exposed and 
unexposed groups are likely larger than the reported figures. It has been estimated 
that 16 million women will acquire the genital manifestations of S. haematobium 
infection and that, if cured, 120 000 new cases of HIV could be averted through 
regular praziquantel treatments in the next decade.

In the urinary tract, the effect of praziquantel has largely been determined by 
resolution of lesions detectable by ultra sound scan and decreased egg excretion 
in urine. Praziquantel kills the egg-laying worms; however, lesions may remain 
and develop around eggs already deposited in the tissues. Once egg deposition 
has induced lesions in the genital tract the egg excretion and lesion development 
are two independent processes, with praziquantel affecting the former almost 
immediately, but not the latter. Only one study has followed gynaecological 
lesions after treatment. It showed no significant change in the adult sandy 
patches and contact bleeding over a 12-month period, even though urinary 
egg excretion ceased. The outcome of treatment in the urinary tract has been 
found to be variable, depending on four factors: (1) the age of patient, (2) the pre-
treatment intensity of infection, (3) the degree of fibrosis or calcification, and (4) 
the site of the lesion.

In younger patients the urinary tract lesions are more responsive to treatment; 
this may be so in the genital tract as well. Furthermore, the fact that children have 
symptoms of FGS indicates that it must start early, possibly already in infanthood. 
However, the optimal timing for curative treatment for girls and novel treatment 
of adults must still be explored.
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A review of female genital schistosomiasis
adapted from Trends in Parasitology, February 2012, 28(2), pp. 58-65

Eyrun F. Kjetland1,2, Peter D.C. Leutscher3 and Patricia D. Ndhlovu4

1 Centre for Imported and Tropical Diseases, Department of Infectious Diseases, Ullevaal University Hospital, Oslo, Norway
2 School of Biological and Conservation Sciences, University of KwaZulu-Natal, Durban, South Africa
3 Department of Infectious Diseases, Aarhus University Hospital/Skejby, DK-8200 Aarhus, Denmark
4 Imperial College London, Claybrook Centre, London, UK

In a review of the studies on genital schistosomiasis, the cervix, the Fallopian tubes, and the vagina are 
the most common gynaecological sites to harbour Schistosoma haematobium. Lesions are caused by host 
responses to dead or viable schistosomiasis eggs and may render women with genital schistosomiasis 
susceptible to HIV. The typical genital changes, such as sandy patches and pathological blood vessels 
may make women susceptible to super-infection, cause contact bleeding, decreased fertility, abortions, 
discharge and bleeding. Further research is needed to find simple, low-tech diagnostic methods, treatment 
for chronic lesions, and to explore the preventive effects of mass drug administration on symptoms, sandy 
patches, HPV and the HIV epidemic.

Domestic necessity and recreation
In recreational, domestic and professional freshwater contact, people in endemic areas may acquire schistosomiasis (Bilharzia). There are 
several types of schistosomiasis which are associated with infection by Schistosoma haematobium, Schistosoma mansoni and the other types of 
schistosomes, and these have similar transmission cycles but different predilection sites and egg morphologies. S. haematobium was originally 
termed urinary schistosomiasis, reflecting key symptoms such as bloody urine, pain on urination, and an increased risk of bladder cancer. However, 
S. haematobium also commonly causes severe egg-induced pathology and symptoms in the genitals of both women and men. The World Health 
Organization (WHO) has therefore recommended that S. haematobium, urinary schistosomiasis, should henceforth be referred to as ‘urogenital 
schistosomiasis’ (www.who.int/neglected_diseases/integrated_media_ urogenital_schistosomiasis/en/). Recent studies have substantiated the 
biologic plausibility that female genital schistosomiasis may make women and men more susceptible to HIV. Furthermore, reports on the severe 
effects of urogenital schistosomiasis on human cognition, economy and symptoms have emerged. These findings coincide with the expiry of the 
drug patent for praziquantel; several companies have now commenced production of the drug and mass drug administration (MDA) has been 
successfully implemented in some African countries for several years. The prospect of MDA for the prevention of HIV, sexually transmitted diseases 
and other reproductive tract morbidity has renewed interest in research and individual therapy for patients with female genital schistosomiasis.

Distribution of schistosome eggs in the genital tract
Many case reports indicate that S. mansoni and S. japonicum may affect the genital tract. However, only two community-based studies have 
explored this via biopsy of the uterine cervix. Both studies were carried out in low-endemic areas, and further investigations are required. 
Blood vessel anastomoses between the pelvic organs are probably responsible for ‘spill-over’ of eggs into the genital tract, and the cervix has 
been suggested to be the predilection site for trapped eggs. In clinical practice, the cervix, the Fallopian tubes, and the vagina are the most 
common gynecological sites found to contain Schistosoma eggs. However, eggs appear to be almost equally distributed between the different 
pathophysiologically important pelvic areas. In autopsy specimens of the genital tract, eggs are relatively common both in the ovaries and in the 
uterus, and are therefore probably under-diagnosed in clinical practice. Community-based studies have shown prevalences from 33% to 75% of 
female genital schistosomiasis in S. haematobium endemic areas.

Histology of genital schistosomiasis
The tissue around both viable and dead S. haematobium eggs has increased vascularity and a high density of macrophages, lymphocytes, foreign 
body giant cells, eosinophils, neutrophils, plasma cells, Langerhans cells, fibroblasts, and multinucleate histiocytes. Even calcified eggs may induce 
the influx of immune cells and blood vessel proliferation, local bleeding and edema. The exact natural history of the local immune reactions to 
S. haematobium eggs in different phases is not known, but should be explored because it will have implications on treatment schedules and in 
choosing the best target populations for costly interventions.

The mucosal remains of childhood infection
Female genital schistosomiasis (FGS) has been defined as having sandy patches and/or microscopically proven S. haematobium eggs in genital 
tissue. The largest clinical studies in adult women living in endemic areas have found that the prevalences of women with sandy patches, contact 
bleeding, or eggs in genital tissue seem to be fairly constant in adulthood.

Mucosal and stromal lesion severities do not follow the same characteristic decline with age as urinary egg excretion. It is well known that 
urinary S. haematobium egg excretion rises steadily to a peak in the early teenage years, falling to relatively low levels in adulthood. The trend is 
almost independent of duration of exposure, fuelling the theory that the onset of puberty might offer some protection against the worm. Urinary 
egg excretion is significantly correlated with urinary tract morbidity in the young, but there is no such correlation in adults. Although egg count in 
urine (currently interpreted as intensity of infection) is used as an overall proxy for S. haematobium worm burden, the genital involvement seems 
to be associated with the presence of eggs in urine but not with the intensity of infection. Lesions have been found to be more persistent in adults, 
possibly because many lesions now constitute calcified dead eggs and chronic immunological reactions.

Although in children urinary tract lesions reportedly resolve within 2–6 months of treatment, some reports in adults have found that lesions 
remain even though urinary egg excretion ceases or decreases. Thus the effects of schistosomiasis may be revealed long after puberty, and the 
intensity of egg excretion in the urine cannot be used to assess the degree of genital morbidity.

Genital changes are breaches in the mucosal surface, open wounds, perhaps susceptible to superinfection by bacteria and viruses such 
as human papillomavirus (HPV) or other sexually transmitted diseases. The coexistence of S. haematobium eggs with other diseases such as 
STDs may make it difficult to single-out the causes of lesions or discharges, and only one community-based study has controlled extensively for 
confounders. S. haematobium in the genitals is strongly associated with clinically observed sandy patches, pathological vessel morphology and 
contact bleeding. Furthermore, S. haematobium eggs were found in conjunction with a range of lesions morphologically similar to the different 
reproductive tract diseases including malignant-looking lesions.
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Symptoms, suffering and chronicity in adult women
All community-based studies on FGS to date have been performed in pre-menopausal adults aged 15–49 years. Women with genital sandy patches 
have significantly more genital itch and perceive their discharge as abnormal. Genital schistosomiasis is associated with stress incontinence and 
increased frequency of urination. There are case reports of severe acute disease such as ascites with ovarian schistosomiasis, ectopic pregnancy, 
and heavy egg infestation of the uterus in pregnancy.

Several case reports indicate decreased fertility and abortions in women with FGS, but this has only been explored in two community-based 
studies and needs further investigation. A direct effect on hormones or ovarian function is controversial. It is likely that the women with fatal 
complications, such as extra-uterine pregnancies, may have died or recovered receiving neither diagnosis nor adequate care. The largest study 
to date, in Zimbabwe, did not find any association between abortion or menstrual irregularities with S. haematobium. In Madagascar, however, 
an association was found with abortion. There are reports of soft cervices by bimanual palpation as usually found in pregnancy, although the 
clinicians in the community-based studies have not discussed this.

Manifestations of genital schistosomiasis in the young
Because intravaginal inspection is usually not performed before the onset of sexual activity, the normal and pathologic characteristics of the 
prepubertal tissue have not been studied. Furthermore, adolescents are often too shy to come for gynecological investigations during the first 
few years after sexual debut. Case reports on girls below the age of 15 are therefore most commonly from the vulval regions. A vaginal polyp was 
found in a 3 year old, a 4 x 4 cm ‘raised, reddened area’ in the upper third of the vagina was found in a 16 year old, and sandy patches have been 
found in the cervix of a 15 year old. Furthermore, there are reports of stunting and late pubertal development, suggesting hormonal disturbances, 
confirmed in animal models with decreased fertility and arrested development of corpora lutea. One study suggests that mucosal changes are 
present in children even before sexual debut (I.E.A. Hegertun, unpublished).

Traveling women and genital schistosomiasis
Travelers, defined as coming from non-endemic areas, are often exposed for a limited time. Unfortunately schistosomiasis, and in particular genital 
schistosomiasis, has been neglected in travelers despite increasingly common travel activities such as rafting and other forms of so-termed 
ecotourism. Eighteen percent of asymptomatic travelers to Africa, exposed to infested freshwater and subsequently screened at the Hospital for 
Tropical Diseases in London over the period 1993–1997, were found to have schistosomiasis. Katayama fever, fatigue, and pain on urination were 
the commonest presentations in symptomatic travelers. There are, however, a few case reports where clinically important genital schistosomiasis 
has been found, sometimes years after relatively short exposure. The symptoms are similar to those of women with chronic manifestations. The 
authors suggest it is likely that a long duration of exposure increases the risk of severe disease. However, the unpredictable micro-localization of 
the egg deposition is likely to be a key determinant of whether the eggs affect health or fertility.

Genital schistosomiasis and the susceptibility to HIV
Public health interventions against the HIV epidemic have been implemented based on the evidence that sexually transmitted genital ulcers, 
Chlamydia, and gonorrhea may increase the susceptibility of women to HIV infection. Currently, the syndromic management of STDs, based on 
concepts of etiology, has been a central strategy for HIV prevention in developing countries. In a given area, the impact of different STDs upon HIV 
transmission depends upon the relative frequencies of the different STDs.

The cervix is the suggested site of most HIV acquisition, and the relative frequencies of the mucosal immune cells are crucial determinants of 
HIV transmission. Calcified S. haematobium eggs in genital tissue have been found to increase the density of HIV-receptive CD4 cells. Compared 
to healthy tissue, ulcers caused by Herpes simplex virus, and primary or secondary syphilis, had significantly higher numbers of neutrophils 
and macrophages (CD14-positive cells) expressing HIV coreceptors on the cell surfaces, crucial for primary HIV transmission. Peripheral blood 
mononuclear cells in S. mansoni infected individuals also express higher levels of HIV coreceptors. This may indicate that the lesion(s) around the 
eggs in genital mucosa provide an entry point for the HIV virus.

STD treatment studies have been marred by the lack of effect on the incidence of HIV infection. These studies have generally been performed 
in schistosomiasis endemic areas. In the opinion of the authors, these investigations should have taken genital schistosomiasis into consideration. 
FGS may be a cofactor for HIV transmission in endemic areas, and the association between schistosomiasis and HIV has been corroborated 
by several scientific groups. The two diseases, HIV and schistosomiasis, meet in migrating populations, travelers, commuting spouses, roadside 
villages, and in prostitutes, who are often newcomers to urban areas.

A dangerous liaison: genital schistosomiasis and HIV
Dually infected women and men, with schistosomiasis and HIV, may pose an additional risk of HIV transmission to their partners. Increased 
HIV levels have been demonstrated in genital ulcers compared to neighboring normal tissue in the same women; this may also hold true for 
schistosomal lesions. Genital HIV RNA excretion increases in the presence of reproductive tract diseases in women and men alike. Similarly, S. 
haematobium infection has been hypothesized to cause increased virus shedding into the semen of HIV-infected men as a result of egg-induced 
inflammation in the seminal vesicles and prostate.

Diagnosis of genital S. haematobium
An FGS consensus meeting held in Copenhagen in October 2010 considered clinical and laboratory results from several African studies (http://
www.ivs.life.ku.dk/English/ Sections/SPHD/Research/Research Projects/VIBE Project Female Genital Schistosomiasis.aspx). The meeting concluded 
that, in patients from S. haematobium endemic areas, one of three clinical findings, by visual inspection, may serve as an adequate diagnosis for 
genital schistosomiasis. The lesions are aceto-negative (i) grainy sandy patches, (ii) homogenous yellow sandy patches, or (iii) rubbery tubercles. 
Before this meeting, the crushed biopsy of genital tissue was deemed to be the gold standard for the parasitological diagnosis of genital S. 
haematobium. However, the eggs are located in highly focal clusters and can be missed during histological analysis of biopsy sections. Moreover, 
taking a biopsy for the diagnosis of genital S. haematobium remains an HIV transmission risk for the patient and her partner until the wound has 
healed, raising due ethical concern.

Where funds are available, an alternative to biopsy is Schistosoma real-time PCR, which is sensitive and specific in urine and stool. However, in a 
pilot study on FGS the sensitivity in vaginal lavage was only 53%. The sensitivity was better in younger women (67%), suggesting that Schistosoma 
DNA from eggs (that have a limited life span) is perhaps more likely to be present in recent lesions.

Wet smears and Pap smears may serve as a contribution to the diagnosis of FGS, but their sensitivity is low; Pap smears have a sensitivity below 
15%. Tanzanian and Zimbabwean studies have shown that 23–41% of women with negative urine tests had FGS. Urinary filtration or dipsticks are 
hence insensitive indicators for diagnosis of genital S. haematobium. Increased levels of eosinophil cationic protein, Neopterin or IgA in cervico-
vaginal lavage have only limited value in the diagnosis of female gynecological schistosomiasis. Furthermore, S. haematobium eggs may be found 
in almost every organ of the body and there may sometimes be no inflammatory reaction. The presence of S. haematobium eggs in a lesion or 
discharge may not always be the cause.

Studying FGS in an endemic area is a logistic and cultural challenge requiring disproportionate amounts of funding for fundamental 
requirements such as water and electricity, but also for the colposcope (required for visual diagnosis) and extensive training in identification. 
Further research to find more appropriate diagnostic tools is long overdue.
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Treatment
In the urinary tract, the effect of praziquantel has largely been determined by resolution of lesions detectable by ultrasound scan and decreased 
egg excretion in urine. Praziquantel kills the egg-laying worms; however, lesions may remain and develop around eggs already deposited in the 
tissues. Once egg deposition has induced lesions in the genital tract, egg excretion and lesion development are two independent processes, 
with praziquantel affecting the former almost immediately, but not the latter. After less than two years, treatment has been described to resolve 
schistosomal infertility (with pregnancy) in six of 13 infertile women. However, only one study has followed gynecological lesions after treatment. 
It showed no significant change in the adult sandy patches and contact bleeding over a 12 month period, even though urinary egg excretion 
ceased. The outcome of treatment in the urinary tract has been found to be variable, depending on four factors: (i) the age of the patient, (ii) the 
pre-treatment intensity of infection, (iii) the degree of fibrosis or calcification, and (iv) the site of the lesion. In younger patients, the urinary tract 
lesions are more responsive to treatment; this may also be the case in the genital tract. However, given the same age group and exposure rates, 
lesions in the bladder decrease faster than do lesions in the upper ureters after treatment.

To prevent long-term morbidity, the World Health Organization (WHO) has recommended treatment for women and school-based mass-
treatment of children in schistosomiasis endemic areas. MDA frequency is recommended at 6 month to 3 year intervals depending on whether 
there is a continuous high or low seasonal transmission, respectively. Moreover, studies have found that the prevalence of schistosomiasis is higher 
in non-enrolled children. Furthermore, girls are often under-represented in schools. In an area of Egypt, only 18% of infected girls were reached 
through school-based programs.

Based on a number of reports, the WHO decided to recommend praziquantel to pregnant and lactating women. Treatment for urinary 
schistosomiasis has been found equally effective in both HIV-positive and -negative individuals and does not seem to influence plasma HIV load 
significantly. Studies indicate that some worms remain alive after treatment and that treatment should be repeated. Moreover, even though 
treatment is efficient and the worms die, lesions may remain for years after correct use of praziquantel. For the time being, praziquantel should be 
given as a single oral dose of 40 mg/kg, or 60 mg/kg in two divided doses, with food and drink to minimize gastrointestinal side effects. Reinfection 
rates are rampant, and the suggestion that treatment creates immunity against reinfection in the individual is disputed. There are several imperfect 
ways to reduce reinfection rates: (i) remove the vegetation along the shorelines where the snails reside, (ii) kill the snails (and fish) with various 
substances such as endod and others, (iii) reduce the pressure of infection of the snails by preventing urination and defecation in or near the body 
of water (e.g. establish latrines and community instruction programs), or (iv) mass-treat the human host population. The latter method has been 
found to have a dual effect in both reducing short- and long-term morbidity. MDA is feasible, and several countries have achieved countrywide 
coverage. Praziquantel only kills adult worms, and worms mature in the course of approximately 6 weeks after entry into the human body. 
Praziquantel therefore should be given in the low-transmission season or at least 6–8 weeks after transmission, ideally as mass- or group treatment, 
encompassing all who will continue to use the same water bodies and who may urinate or defecate therein. The interval between the treatments 
should follow WHO recommendations.

Public health implications of genital schistosomiasis in girls and women
Of all parasitic infections, schistosomiasis is second only to malaria in terms of public health impact and has been estimated to affect at least 200 
million people – equivalent to one in 30 people being affected worldwide. Urogenital schistosomiasis is endemic in 53 countries in Africa and 
the Middle East. The control groups in all studies to date are women who had been exposed to the same water sources. The differences between 
exposed and unexposed groups are therefore probably larger than the reported figures. It has been estimated that 16 million women will acquire 
the genital manifestations of S. haematobium infection and that, if cured, 120 000 new cases of HIV could be averted through regular praziquantel 
treatments in the next decade. However, the optimal timing for curative treatment for girls and novel treatment of adults remains to be explored.

Clinical action
Depending on the local panorama of diseases in a community and individual risk factors, S. haematobium may be the most likely cause of genital 
morbidity. However, in S. haematobium endemic areas women currently receive neither correct advice nor treatment for the majority of their lower 
reproductive tract symptoms and findings. Based on the current knowledge of FGS, the information provided to adult women must be sober. The 
treatment kills the worm, but may have no effect on the lesions, and resolution of the clinical problem may therefore be slow or lacking. Women 
with symptoms of STDs should be given the information that symptoms may be caused by schistosomiasis and may possibly be irreversible. Many 
women cannot choose to abstain from vaginal intercourse. Taking this into consideration, for those who already have genital schistosomiasis, they 
may be at higher risk for HIV acquisition and should be informed thereof in a sensitive manner by a professional.

Praziquantel must still be recommended because there is only meager documentation on treatment of genital schistosomiasis. Furthermore, 
even though current lesions may be refractory to treatment by praziquantel, egg-laying worms may induce new lesions which must be prevented. 
Moreover, the opportunity should be used to trace and treat young female family members. Praziquantel should be provided as a prophylactic 
measure against future egg-induced genital lesions.
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The occurrence of schistosomiasis within African infants and preschool children has been much better 
documented in recent years, revealing an important burden of disease previously overlooked. Despite 
mounting evidence showing that treatment with praziquantel is safe, beneficial, and could be delivered 
within ongoing public health interventions, young children still do not have satisfactory access to this 
drug, and a significant treatment gap exists. Progress towards resolution of this unfortunate health 
inequity is highlighted, including the development of an appropriate paediatric praziquantel formulation, 
and present blocks are identified on securing this issue within the international health agenda.

Mind the gap: the need for praziquantel
Five years ago, the treatment needs of African infants and preschool children afflicted by schistosomiasis (see Glossary) with the anthelminthic 
praziquantel (PZQ) were raised indicating that national control programmes (NCPs) should consider more formally the health status of 
these younger children. It was then an open question as to whether these younger children could or should be included within preventive 
chemotherapy (PC) campaigns. Since then there have been significant developments to better document this disease burden by the retargeting 
of epidemiological surveys and to better tailor international policies and practices towards this paediatric setting.

As several studies come to fruition and as new evidence emerges, a fresh international dialogue has been established with key support 
and coordination offered by the World Health Organisation (WHO). This is to ensure the development of a longer-term framework to manage 
this disease at the individual and (or) community level. In so doing, these studies have heightened the realisation that control of schistosomiasis 
in young children has some unique challenges. These include needs for better diagnostics, revised licensing of PZQ, scaled-up deployment of 
available and future PZQ formulation(s), and sustaining associated drug delivery systems for integrated control of neglected tropical diseases 
(NTDs).

A key driver behind this new impetus is that overt and cryptic morbidity commonly attributable to schistosomiasis can occur during school 
age. Any delay in prompt access to treatment of these younger children points towards an unfavourable downstream clinical outcome. Even 
more importantly is that at the individual level, these infections cause detrimental onslaughts to the health of the child during key developmental 
stages. Moreover, as NCPs strive towards elimination of infections by PC alone, or in combination with other measures at the community level, 
promotion of access to PZQ treatment for any infected case, irrespective of their age, becomes ever more important. Conceptually, this is to 
ensure that general reductions in parasite transmission are consolidated across all community groups. Thus, the need for equitable treatment of 
younger children has become so obvious that a ‘PZQ treatment gap’ terminology has been coined. Although mentioned in the WHO 2012–2020 
strategic plan, there are still significant blocks to overcome to embed this issue firmly within the agenda of NTD control and to see National Control 
Programmes embrace this element.

First blocks off on PZQ treatment: application and dosing
Although PZQ is perhaps one of the safest drugs being used in PC campaigns, there was little formal legislation and documentation confirming 
its use in younger children. An age-related cut-off in children aged below 4 years existed simply due, perhaps, to an incomplete registration and 
limited future vision of treatment needs by Bayer and Merck (see below). Thus, PZQ is administered in ‘off-label’ settings, which make international 
agencies rather uncomfortable without substantial evidence to the contrary, and with legal indemnity falling upon those who have chosen to use 
it under their own discretion. Although this ‘off-label’ phenomenon is often common practice in paediatric ward settings, it did little to assuage 
the initial ethical, legal, and insurance-driven arguments against its extended use; a parallel predicament was the use of PZQ in pregnancy, which 
is now endorsed by the WHO in their revised guidelines.

These counter points of view were much diminished, after a tipping point was reached when the burden of disease in young children was 
firmly demonstrated as being so alarming that any further inaction should be considered unethical. There are four key medical tenets appropriate 
here: beneficence, non-maleficence, autonomy, and justice, all of which have some bearing upon how we react to this PZQ treatment gap. 
Nonetheless how much more convincing evidence was needed? With the help of the WHO, a cross-country study was undertaken in Mali, Niger, 
Sudan, Uganda, Zimbabwe, and Egypt in 2009. Here it was the intention to take more formal steps to develop a portfolio of evidence reporting 
on its use in terms of drug safety and performance, although using crushed or broken tablets versus a liquid suspension. This was not a formal 
clinical trial, which has a totally different set of legal, financial, and registration requirements, but rather an on-the-ground exploration with the 
aim of remedying a glaring health inequality. This was a particularly seminal and brave first step by the WHO and was warmly welcomed by the 
in-country coordinators seeding the need for further applied research.

Many of the areas where schistosomiasis in preschool children abounds are often characterised by impoverished or under-resourced local 
static health systems. For example, despite trained staff, in rural health clinics there is often no provision of accurate weighing scales or the 
availability of fully functioning diagnostic facilities (i.e., urine and faecal examination kits and access to compound microscopy). Resolution of this 
weight-based bottleneck was achieved in general PC campaigns through the use of a height pole or treatment stick. Until 2012, the existing height 
pole was inadequate for dosing children under 94 cm in stature. Following the work of Sousa-Figueiredo et al., this has now been comprehensively 
resolved with an extensive validation of a downwardly extended height pole offering dosing at 40 mg/kg at 0.5 (1⁄2), 0.75 (3/4) and single tablet 
divisions. This of course needs tablets which are scored with quarter divisions, that is, breakable sections each of 150 mg, which are not always 
fabricated in this manner by all tablet producers. It is open to conjecture whether this 40 mg/kg dosing, which is a direct extrapolation from 
adults, is appropriate for young children as generally a nonlinear relationships exists. Validation of this simple dosing regimen awaits the collection 
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of future pharmacokinetic and pharmacodynamic evidence which may encourage the use of 60 mg/kg (see below) or even higher levels, and 
further consideration in a revised drug licensing schedule.

Second blocks off on PZQ treatment: taste and formulation 
Other concerns about administration of PZQ include the difficulties of children swallowing the large, cumbersome and bitter-tasting tablets, 
where risk of rejection and possibilities of choking should be considered. Tablets can be easily crushed and mixed with honey or flavoured juice to 
make them more palatable and easily swallowed. Of note is that the unusual flavour of PZQ (a racemate of dextro- and laevo-isomers) is not always 
recognised by younger children as it is in older counterparts or adults, perhaps due to a maturing palate of the developing child or inexperience 
of flavours. A liquid suspension of PZQ (Epiquantel®) is manufactured by EIPICO and licensed in Egypt for school children. Epiquantel® is frequently 
referred to as a syrup formulation, for its flavour is strongly masked by aniseed. This in itself is not to the taste of all. Contraindications include use 
in patients with ocular cysticercosis or those with a general intolerance to PZQ and breast-feeding mothers should suspend giving their breast 
milk to children for 72 h after treatment.

The Epiquantel® formulation comes in 15 ml dark glass bottles with a concentration of 600 mg of PZQ per 5 ml of fully mixed suspension. For 
dosing, each bottle also comes with a small plastic measuring cup with a 5 ml division, conveniently capping the sealed metal bottle top. As part 
of the six-country WHO study, although there were some positive considerations to its use, in terms of acceptability and parasitological perfor-
mance it was judged to be no better than crushed or broken tablet alternatives. Disadvantages included the large packing and storage volume 
which was cumbersome in comparison with existing tablets. This caused significant problems in logistics even in the small-scale study, predicting 
later problems in large-scale supply chain management and distribution. Perhaps more importantly, however, was the limited availability of 
Epiquantel®, which is produced in an ad hoc manner by EIPICO and is an expensive alternative making it financially unattractive. In line with new 
WHO general guidelines for paediatric medicines that promote the use of water-dispersible tablets, it was concluded that Epiquantel® offered no 
significant improvement over crushed or broken tablets and that the latter should be continued to be used until an appropriate paediatric formu-
lation becomes available. Another recommendation was that PZQ could be delivered and administered to afflicted communities on the back of 
the Expanded Programme of Immunisation (EPI) campaigns which have highly proven levels of outreach into sub-Saharan African communities 
as supported by major international agencies (e.g., UNICEF).

Focus on Uganda: evidence from the SIMI cohort 
November 2012 saw the end of a 4-year project funded by the Wellcome Trust entitled Schistosomiasis in Mothers and Infants (SIMI). The 

major aim of SIMI was to conduct a novel longitudinal cohort study assessing the need for and performance of crushed PZQ in terms of safety 
and parasitological cure in six villages on the lakeshore of Albert and Victoria. The strategy behind this study was to emulate future PC within this 
setting but also to assess how often young children should be retreated. It may be, for example, that a single PZQ treatment might be sufficient 
to stamp out their infections over a 2-year period. Retreatment periods need to be set against actual levels of reinfection which in turn need to 
be assessed with presently available diagnostics.

Over an 18-month period, the children (n = 1211) and their mothers were followed at five time points. Key results show that nearly half of the 
children aged 3 months and above have active infections. More startling was that the levels of reinfection, especially on the Lake Albert shoreline, 
were so substantial such that even within a 6-month period following from two PZQ administrations had little concrete impact in terms of di-
minishing local prevalence. The situation in Lake Victoria was more favourable, probably due to a slower general transmission dynamic. Assessing 
the risk of infection and levels of reinfection in young children is problematic owing to the distinctions between active and passive water contact 
mechanisms. A pilot study in Lake Albert attempted to explain why transmission seemed to be so high. Using a novel application of global posi-
tion system (GPS) data loggers, young children were shown to typically have up to 30 min of active daily water contact in addition to more cryptic 
passive water contact levels. When taken together, however, this revealed an astonishing amount of water contact risk and pointed towards a 
stable but previously cryptic transmission group within the community.

In search of the best diagnostics, a combination approach was taken bringing to the field best available tools. For faecal examination, consec-
utive 2-day stool specimens were collected and each examined by duplicate Kato–Katz thick smears with microscopy. To bolster this, urine circu-
lating cathodic antigen (CCA) dip-sticks were used together with analysis of sera from clotted finger-prick blood using a commercially available 
ELISA kit, detecting host IgM/G antibodies to schistosome soluble egg antigen (SEA). Initial studies within a subset of children, when additional 
faecal concentration examination techniques were applied, found that schistosome antigens in urine, eggs in stool, and host antibodies to eggs 
demonstrated a general prevalence of 47.5%, by a positive criterion from at least one diagnostic method. Although children as young as 6 months 
old could be found infected, the average age of infected children was between 3.25 and 3.75 years, when diagnostic techniques all became 
broadly congruent. The prevalence of intestinal schistosomiasis, despite treatment with PZQ, shows little tangible signs of abating and without 
treatment would have been more alarming.

Another open question was selection of which diagnostic tool to choose to best track the reinfection dynamics across these children. This 
might also prove useful for a future selective treatment rather than a mass treatment approach. Diagnostic scores from a total of 925 children 
across a 12-month period were available for comparison. As a point-of-care diagnosis, the urine CCA dipstick test achieved sensitivity and specific-
ity values ranging from 52.5–63.2% to 57.7–75.6%, respectively, with faecal microscopy achieving very high specificities (>87%) but sensitivities as 
low as 16.7% upon comparison to pooled diagnostic scores per child. The urine CCA test was shown to be more effective than faecal microscopy 
of a single stool sample and was not significantly impacted by PZQ treatment history or coinfections with other intestinal helminths. Although 
its outlook in application is promising, it is yet to be proven how the urine CCA test could be best used in future mapping or selective treatment 
initiatives given a general reluctance of many implementation agencies failing to embrace new and appropriate technologies as they appear.

Consequences of early schistosomiasis: old markers of morbidity
Faecal or urine egg counts have been the cornerstone of measurements associated with morbidity in school children for many years. Whether 
they are entirely appropriate in preschool children is open to conjecture. More broadly, there is a limited repertoire of field-applicable tests for di-
rect assessment of morbidity and little application of these in the setting of young children where infections are typically of ‘light intensity’ at least 
on the basis of captured egg excretion using standard urine or faecal sampling. Nonetheless, macrohaematuria, microhaematuria, and proteinuria 
(as assessed by reagent strips), and other urine abnormalities, have been found in young children in Schistosoma haematobium-endemic commu-
nities. Perhaps the most surprising was the study by Sacko et al. who documented astonishing levels of upper and lower urinary tract damage as 
seen upon ultrasonography, some of which was still persistent after PZQ treatment.

In Schistosoma mansoni-endemic areas, visible or reported blood in stool (as described by the child’s mother) has been documented. Liver 
and spleen damage at this early age is known by palpation of enlarged and texture-hardened organs. Liver fibrosis and periportal thickening 
has been observed in infants and pre-schoolers in S. mansoni-infected communities. Although anaemia is often associated with schistosomiasis, 
assessing this in younger children is confounded by coinfections, most notably malaria. Recent work in young Ugandan children has found that 
anaemia is mostly attributable to malaria rather than intestinal schistosomiasis. By contrast, in West Africa, there was some evidence of an associ-
ation between anaemia and S. haematobium infection in younger children.
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Consequences of early schistosomiasis: new markers of morbidity
In a novel attempt to identify markers of intestinal morbidity in young children, Betson et al. field-tested faecal calprotectin ELISAs and faecal 
occult blood (FOB) rapid diagnostic tests (RDTs) concurrently with questionnaire-based methods enquiring about a history of blood in stool, diar-
rhoea, and abdominal pain (as reported by the child’s mother). Although no association between egg-patent schistosomiasis and faecal calprotec-
tin was observed, a strong positive association with FOB and symptoms reported by mothers was detected. The association between S. mansoni 
infection and FOB (but not symptoms reported by the mothers) was maintained after one or two doses of PZQ over a 12-month study period. 
This suggested that the FOB RDT was a useful marker for assessing intestinal morbidity in young children at the community level and monitoring 
changes in morbidity after mass PZQ treatment. Although the production and availability of FOB RDTs is insecure, even within the UK, they have 
again been used in Uganda during a PZQ efficacy study where declines in FOB were observed 24 days after treatment (A. Bustinduy et al., unpub-
lished). The field technology for detection of faecal calprotectin has also changed with the availability of a commercially available RDT and cassette 
reader which has overcome several cumbersome aspects of ELISA. With some exceptions, faecal calprotectin levels seem to increase 24 days after 
PZQ treatment pointing towards rather complicated inflammation biology of the mucosal surface of the bowel (A. Bustinduy et al., unpublished).

A novel field-applicable approach for assessing urinary tract and bladder wall pathologies in S. haematobium-endemic communities is to 
measure urine albumin levels using an Albumin-HemoCue photometer. Raised albuminuria was shown to be a promising marker of pathology in 
school children and more recently albuminuria was found to be associated with both egg-patent S. haematobium infection and microhaematuria 
in young children in Malawi (H. Poole, MSc thesis, Liverpool School of Tropical Medicine, 2012). In this setting, albuminuria was also strongly corre-
lated with infected cases as identified by serology, suggestive almost of equal diagnostic sensitivity and specificity. This latter finding is particularly 
exciting as the search for the most sensitive point-of-care test for urogenital schistosomiasis continues, which will also probably have bearing on 
detection methods for female genital schistosomiasis.

Early schistosomiasis: chronic infections and poor cure rates
Evidence from the WHO six cross-country study showed that cure rates with PZQ were satisfactory but intestinal schistosomiasis is a persistent 
and chronic infection in young children in the lakeshore settings of Uganda. It is therefore perhaps ambitious to assume that PZQ alone will be 
able to eliminate sufficiently all infections in this setting without recourse to more aggressive use of treatments and complimentary measures. 
It is known, for example, that the present administration and dosing at 40 mg/kg does not always effect a full parasitological cure. This is often 
alongside coadministration of artemisinin-based combination therapy (ACT) for management of concurrent malaria, where the artemether com-
ponent is thought to have some antischistosome activity on juvenile worms, but this appears unfounded at the current antimalarial dosing in the 
SIMI cohort.

From a total of 369 children found to be egg-patent for intestinal schistosomiasis, 305 were followed up 3 to 4 weeks after PZQ treatment 
and infection status reassessed using a variety of methods. Although the overall observed parasitological cure was 56.4%, a significant difference 
was found between a subset of children who had a history of multiple PZQ treatments (between one and four administrations over an 18-month 
period), where cure rate was 41.7%, and those who had never received treatment (cure rate was 77.6%). The cure rate was clearly lower in younger 
children (<3 years of age) and in those with a history of previous treatment. Cure rate, but not egg reduction rate, was also lower in children with 
heavier preintervention infection intensity. Recent work in Ugandan children suggests that higher than recommended doses of PZQ may be 
warranted for S. mansoni treatment. The difference in egg-clearance cure rate 4 weeks after treatment was 82% compared with 68% for different 
dosing strategies (60 mg/kg vs 40 mg/kg). Egg reduction rates ranged from 91% to 82% in the 60 mg/kg and 40 mg/kg arms, respectively. Further 
pharmacokinetic data are soon to follow and may well challenge the current treatment recommendations for S. mansoni in children of all ages (A. 
Bustinduy et al., unpublished).

Rather unsatisfactory cure rates in young children have now been reported in Niger. Using Epiquantel®, moderate to high levels of efficacy 
against S. haematobium were found with cure rates of 85.7%. This contrasted sharply, however, with that for S. mansoni which was 50.6% against 
clearance. The marked differences in species-specific drug performance call for further research into optimising treatment for each schistosome 
species whilst remaining mindful of any revised drug licensing. There is also an ongoing debate concerning the suitability of using parasitological 
cure in terms of treatment campaigns, owing to a variety of issues best described in papers by Montresor et al.

Towards better access and formulations of PZQ
Before the reductions in price of PZQ there was actually a slow uptake of this drug as treatment of choice, the reasons for which were analysed by 
Reich and Govindaraj, when PZQ first entered the market, aspects related to its access and pricing had not been sufficiently addressed creating a 
lasting detrimental legacy. Other factors also played contributory roles: the reluctance of donor agencies in engaging early on in purchasing initi-
atives, failure of non-governmental organisation (NGO)-based implementation agencies to sustain control activities in the long term or expand to 
the national level, the lack of decision-making autonomy of low-income countries to leverage or synergise with donor agencies and rather simply 
put, many endemic countries lacked the infrastructure to participate appropriately in international tendering.

With the advent of the Schistosomiasis Control Initiative some of these issues were resolved. Until very recently, the global supply chain of 
PZQ was restricted, largely due to the available commercial producers being reluctant to engage in scaling-up of production until better estimates 
of global drug consumption/needs were in place to create a sustainable ‘market’. With the London Declaration on Neglected Tropical Diseases 
(LDNTDs) this picture has changed dramatically. A cardinal step was taken by the WHO in setting out a clear strategy of the scale-up of PC and 
assistance to countries to assess their future PZQ needs until 2020 and beyond, but these estimates do not factor in the treatment needs of infants 
and preschool children in their calculations.

Responding to these fundamental changes before the LDNTDs, in 2007 Merck (Germany) started its PZQ donation programme to the WHO, 
committing to donate 200 million tablets of PZQ over the next 10 years with the company increasing its donation, as spurred on by the LDNTDs 
meeting, to delivering 250 million tablets per year in the medium term. This would correspond to a treatment of approximately 100 million school 
children each year. Moreover, realising that this formulation was not particularly paediatric friendly, because off-label use (use beyond the terms 
of the license) outside of the donation programme implied that its performance in terms of efficacy and safety had not been sufficiently studied 
to ensure that the current formulation of PZQ product is delivering its full therapeutic potential. Merck has committed therefore to addressing the 
treatment needs of infants and preschool children by developing an appropriate paediatric formulation.

From a pharmaceutical perspective, this is a significant task and to close this PZQ treatment gap, Merck started a public–private partnership 
(PPP) together with Astellas Pharma, the Swiss Tropical and Public Health Institute, and TI Pharma, a non-profit organisation. The overall objective 
of this partnership is to develop a PZQ formulation that is appropriate for the treatment of children covering the age range of 3 months to up to 
6 years with formal product licensing after full development.

The project is currently in the preclinical phase for development of the appropriate formulation and will enter clinical development by 2014. 
Future research necessary to complete its registration is to investigate the optimum PZQ dosage to ensure an effective worm kill, concurrently 
with improvements in its ease of administration, for example, by community drug distributors. However, the success of such initiatives will depend 
not only on the commitment of the partners but also on the creation and implementation of a favourable ground for dialogue and interaction 
between afflicted populations, researchers, and clinicians as well as the public sector (e.g., health systems, control programmes, drug regulators, 
etc.). In the longer term, financial incentives and mechanisms need to be put in place within the pharmaceutical sector to ensure that access to 
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the new formulation is sustainable after completion of the PPP. Some of these future issues in this paediatric setting will parallel the previous problems in 
general access to PZQ as discussed comprehensively by Reich.

Schistosomiasis alongside other paediatric infections 
In Africa, polyparasitism is perhaps the norm rather than the exception. This milieu of parasites, other infectious diseases, as well as underlying nutrition 
states frankly questions the fundamental raison d’être of monospecific interventions, especially when rolled out into a disease-endemic community. Of the 
long list of infections, two perhaps rank higher than most – HIV and malaria – each being well known in the context of mortality and morbidity of young 
children. Children born to HIV-infected mothers are at risk of acquiring the disease and once infected have a poor clinical outcome if infections are left 
unchecked. Infants are particularly prone to malaria due to a naïve immune system unable to deal with invading parasites that can quickly wreak havoc. 
Nonetheless, both diseases are amenable to chemotherapy, HIV with highly active antiretroviral therapy (HAART) and malaria with ACT, which has become 
the front-line treatment for home-based management of malaria.

Should use of PZQ be considered more holistically within a disease-endemic community when other intervention schemes are ongoing? All should 
agree that health programmes strive towards healthy children no matter where their illnesses come from; however, ambition and reality sometimes be-
come confused when put into practice on the ground. Pairing certain treatment combinations might lead to overburdening fragile health systems when 
distributors of medications are stretched in time and resources. From a biological perspective, there may be unforeseen drug–drug interactions which alter 
their pharmacokinetic or pharmacodynamic profiles leading to diminished performance. Evidence-based medicine in this setting is particularly weak as 
there are few clinical trials conducted in healthy adult volunteers in endemic disease settings and even fewer so in the paediatric setting. Children should 
be the priority target, as a historically vulnerable population frequently neglected behind their adult counterparts, for longitudinal cohort studies and 
closely monitored field–epidemiological studies to ensure treatments are rolled out as safely as possible.

Towards young children free from schistosomiasis 
What steps are now needed to be taken to resolve this ‘PZQ treatment gap’? With the changing WHO guidelines and future availability of a paediat-
ric-friendly formulation from PPP, there is much optimism for African children to have better access to medication. To scale-up, PZQ delivery systems need 
to be securely embedded within a strong public health platform such as EPI. To achieve this, there needs to be strong communication between interna-
tional donors for provision of funds and synergism with effective governments with clear political will and commitment to maintain a robust delivery of 
medicines. Although there are concerns that PZQ might not be fully effective in the treatment of schistosomiasis, this should not be a block to roll out of 
treatment in younger children but more of an indictment to maintain a closer monitoring and surveillance system to achieve healthier children. So to close 
as succinctly as possible, let them now be treated!
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HIV/AIDS and schistosomiasis both cause a substantial disease burden in sub-Saharan Africa and the 
two diseases often overlap in their epidemiological characteristics. Although disease-specific control 
interventions are continuing, potential synergies in the control efforts for these two diseases have not 
been investigated. With a focus on children with schistosomiasis, we assess the risk for increased HIV 
transmission, HIV progression, and impaired response to drugs when given alongside HIV interventions. 
A new research agenda tailored to children is needed to better understand the interactions of these two 
diseases and the potential for combined responses.

Introduction
HIV and schistosomiasis are two of the most widespread infections worldwide; nonetheless, their combined effect has not been fully delineated, 
especially in sub-Saharan Africa. Although both diseases differ in their presentation, manifestations, and treatment, there is substantial geographical 
overlap in the poorest countries where endemicity is often high. For example, in Ethiopia, Nigeria, South Africa, Zambia, and Zimbabwe, adult 
HIV prevalence ranges from 15% to 28%, and the prevalence of schistosomiasis commonly exceeds 50% in high-risk rural communities. The 
prevalence of HIV and schistosomiasis might be even higher in data-deficient areas such as Madagascar or Mozambique.

As the HIV pandemic progresses, interventions against the increase in HIV-related disease have focused on universal access to antiretroviral 
therapy (ART). Many children in sub-Saharan Africa present for care late in their HIV disease progression, and there are nearly 1000 new cases 
of paediatric HIV infection every day—more than 2·5 million children younger than 15 years have HIV/AIDS. WHO guidance emphasises the 
importance of prompt diagnosis, treatment, and monitoring of HIV in children. Although there is a strong commitment from the international 
community to eliminate new childhood HIV infections by 2015, the HIV epidemic in sub-Saharan Africa shows little sign of abatement.

Schistosomiasis, either urogenital or intestinal, is a chronic inflammatory disease caused by a water-borne parasitic blood fluke. In sub-Saharan 
Africa, 220 million people are infected with the parasite, and even more are at risk, mainly children.Although congenital transmission does not 
occur, exposure and infection can take place very soon after birth, depending on an infant’s environmental exposure to parasite-infested water. 
Until recently, the burden of disease from these early exposures was overlooked. However, infants and preschool-age children (aged 1–5 years)can 
have active disease and have poor access to deworming treatment because current measures are focused on preventive chemotherapy (ie, mass 
drug administration of praziquantel to school-age children aged 6–15 years). Praziquantel is a safe and affordable oral drug that is active against 
all forms of schistosomiasis and can be given by non-medical personnel. As new information emerges about schistosomiasis in early childhood, 
international policies and practices are beginning to respond to this unmet need.

Identification of disconnects in combined control
HIV control has only a short history, whereas schistosomiasis is an old disease for which the inability to implement fully integrated preventive 
strategies because of shortfalls in water hygiene and sanitation has led to the dominance of preventive chemotherapy as the most cost-effective 
option of control. Locally applicable and integrated interventions tailored to the immediate epidemiological setting are desirable. Intricate 
understanding of the transmission biology, epidemiology, and social patterning (ie, HIV largely by sexual behaviour and schistosomiasis by water 
contact) of the diseases is needed.

Environmental risk factors for both infections include insufficient access to safe water, low socioeconomic status, and poor educational 
access. HIV transmission risk is made up of complex individual behaviours, including commercial sex work, intravenous drug use, and various 
unsafe exposures to blood and other bodily fluids; in sub-Saharan Africa lack of autonomy for women and intolerance of male homosexuality are 
important factors. The social context of schistosomiasis is very different, but relates to unsafe exposures that are repeated often during domestic 
tasks or employment. Schistosomiasis is typically highly prevalent in fishing communities in which opportunities for HIV transmission can also 
be raised. To further complicate control, each disease agent has ecological and genetic diversity, with potential to adapt to controlinterventions.

Although multidisease approaches are being promoted by WHO (eg, in management of HIV and malaria), related platforms for research and 
operational control of HIV and schistosomiasis simply do not exist.There is also little room for future optimism because the newly created Disease 
Reference Group of Helminthic Infections for the control and elimination of helminthiasis in people has not adopted a multiple-endemic-disease 
approach within their framework.

The first cases of HIV/AIDS in adults were described in 1981, and 5 years lapsed before evidence of routes other than sexual transmission 
emerged and paediatric HIV/AIDS was recognised.The importance of mother-to-child transmission of HIV has only slowly become a public health 
priority. Alongside this focus, and with much less political advocacy, the case for prevention of schistosomiasis in early childhood is only now 
beginning. Moreover, as the subtly disabling morbidities associated with chronic schistosomiasis in this age group are being better recognised, an 
imperative for early prevention and control is becoming much clearer.

Both diseases are difficult to diagnose in early childhood, and studies of HIV and schistosomiasis co-infection have been limited to adults.
Paediatric studies (except for maternal–child health research) typically lag behind those in adults,and estimation of true burden of disease 
becomes a challenge because of an absence of paediatric diagnostics in resource-poor areas.

Reconnection of the importance of HIV and schistosomiasis co-infection
Given the potentially overwhelming burden of disease caused by dual infection, there are growing efforts to study the interactions between HIV 
and schistosomiasis, especially in areas where dual endemicity is most prevalent.Researchers doing experimental studies in animals are trying to 
understand the pathogenesis and immune responses when both infections are present.Investigators have carried out clinical studies of responses 
to antiparasitic and ART for HIV/AIDS disease progression.However, all of these clinical studies exclusively targeted individuals older than 18 years, 

42



Additional Reading

and thereby overlooked interactions in childhood. Attempting to bridge this knowledge gap for childhood HIV and schistosomiasis co-infection, 
we reviewed the most relevant epidemiological and experimental studies to develop a conceptual framework that identifies the transmission 
and later manifestations of disease in early life alongside current recommendations for treatment and integrated national control programmes.

Vertical HIV transmission
The close associations between mothers and their unborn children begin an intricate interplay of antigen exposure and immune-response 
modification that continues throughout childhood. This interplay might lead to increased susceptibility to certain diseases and decreased 
cognition; all of which are known downstream effects in children born to women with malaria or advanced HIV, but are not yet known in children 
born to women with both HIV and schistosomiasis. Risk for transmission from infected mothers to children ranges from 15–45%, depending on 
breastfeeding practices.Prepartum maternal helminth infections have been linked to increased mother-to-child transmission of HIV,but lesions 
from female genital schistosomiasis are possibly important also.

WHO advocates universal ART of all pregnant women with HIV, irrespective of their CD4 cell counts, but this target is far from a reality in 
resource-poor sub-Saharan Africa.The lack of consistent ART for pregnant women is one of the major hurdles to controlling HIV transmission. 
Alongside ART, antiparasitic treatment (with praziquantel, albendazole, or ivermectin) has the possible beneficial effect of lowering HIV viral load. 
However, the researchers who reported this benefit did not find consistent ART availability for participants and future studies should adopt full 
treatment of HIV and parasites as standard.

Differences between children and adults
Extrapolation of knowledge and recommendations from adult health interventions into paediatric settings often has a so-called little adults 
approach. For HIV and schistosomiasis co-infection, this approach is especially flawed in research and policy. For example, children have a larger 
surface-to-volume ratio with higher metabolic rate, oxygen consumption, and caloric requirements than have adults, not only to maintain 
homoeostasis, but also to grow and develop. Typically children need more food per kilogram of bodyweight than do adults. Consequently, 
children are particularly susceptible to any growth deficits caused by infections or reduced nutrient intake, and growth-faltering states are 
particularly associated with diseases such as HIV/AIDS and schistosomiasis; moreover, these infections might have synergistic interactions that 
amplify their individual effects.

Drugs are often more widely distributed around children’s bodies than in adults and organ blood volumes in children are also higher.  In 
schistosomiasis, this pattern could be highly relevant if blood flow to the liver is increased, because this difference would lead to swift clearance 
of praziquantel and a strong pharmacodynamic argument to challenge dosing recommendations directly extrapolated from adults (ie, 40 mg/
kg). Other unanswered questions include how HIV infection or continuing ART might change praziquantel efficacy after consideration that 
praziquantel’s antischistosomal activity is immune-dependent.Thus, the context, timing, and progression of each infection is important.

HIV precedes schistosomiasis in children
HIV infection in infants and young children is nearly always vertically transmitted; thus, HIV infection precedes schistosomiasis, whereas in 
adult-acquired infection the reverse is often true. This distinction is very important because the parasitic infection (schistosomiasis) in adult-
acquired HIV has intrinsically different immunopathological and immune-modulating effects, which probably shape the pattern of disease. To our 
knowledge, this concept has not been investigated clinically; however, investigators of two studiesofanimalshaveattemptedtoassessitforretroviral 
replication and worm reduction after praziquantel treatment.Rhesus macaques carrying a latent chronic simian-human immunodeficiency virus 
(SHIV) infection (in analogy with HIV) were infected with cercariae of Schistosoma mansoni and had an increase in SHIV replication and faster 
disease progression than had animals without intestinal schistosomiasis.In the other study, T-cell-depleted mice infected with S. mansoni and later 
treated with two antischistosomal drugs (praziquantel and oxamniquine) had little worm clearance compared with mice with a healthy immune 
system,confirming the important role of host immunity in drug action. Thus, if severely immune-suppressed people respond to treatment in the 
same way, particularly people with AIDS, then antischistosomal treatment probably has reduced effectiveness in co-infection. Although there 
are no studies of people to corroborate this finding, serial retreatment studies of adults with HIV who were at high risk of S. mansoni suggest that 
adults with more years of parasite exposure in childhood (hence more potential for established antiparasite immune responses) have longer 
infection-free periods after praziquantel treatment.However, because of the scarcity of evidence, such generalised conjectures should be viewed 
with caution.

Schistosomiasis precedes HIV in adults 
In endemic areas, as part of daily water contact, individuals typically contract schistosomiasis during childhood, with subsequent activation of 
the immune system by antigen-specific and non-specific immuno-modulation biasing towards a T-helper-cell 2 polarity, potentially increasing 
susceptibility to viral and myco-bacterial infections. Later HIV infection might also change the host–parasite immune balance. Epidemiological 
studies of adults in the Democratic Republic of the Congo, Ethiopia, and Kenya show a decrease in schistosome-egg excretion for those who 
acquired HIV later in life. A fully competent T-cell population might be needed to augment schistosome-egg excretion, or perhaps worm fecundity, 
although reports of a cohort study in Zimbabwe provided evidence to the contrary.

Nonetheless children’s expected response to egg excretion in the presence of HIV is unknown. Results of targeted epidemiological surveys 
have shown a high percentage of the infants and preschool-age children assessed were shedding eggs, but studies have not investigated the HIV 
status of examined children. For example, children with lower or intermittent egg output might have a very light intensity infection or they might 
have compromised immune systems from HIV infection (or other immune deficiencies), which impairs efficient egg excretion and, for this reason 
alone, HIV infection should be considered as a possible contributing factor to rate of egg excretion.

Effect of co-infection on mortality and morbidity 
HIV infection remains a major public health threat in sub-Saharan Africa with 1·3 million deaths attributed to AIDS every year. At least 5% of all 
disability-adjusted life-years (DALYs) lost in low-income and middle-income countries are believed to be due to HIV/AIDS. A drawback of the DALY 
is that the effect of comorbidities is overlooked, formally restricting the scope of health research and intervention programmes. The real context 
of HIV in sub-Saharan Africa is one in which children have two or more concurrent parasites in addition to their chronic HIV infection. For example, 
results of two paediatric cohort studies in South Africa and Zambia identified female sex, young age (younger than 2 years), severe wasting, and 
anaemia as mortality risk factors for children with HIV. Although schistosomiasis was not included as a comorbidity in either study, it can contribute 
to wasting and anaemia and is present in both countries.The potential detrimental synergy between HIV and schistosomiasis will be most severe 
in early childhood due to metabolic insults during key periods of growth and development.

Several studies from schistosomiasis-endemic countries have shown severe morbidity with end-organ fibrosis in children, disorders that were 
previously thought to be clinically relevant only during adulthood. Whether co-infected children are more or less at risk of end-organ fibrosis 
caused by schistosomiasis is unknown, but we hypothesise that children with HIV have less ultrasound-detectable fibrosis but more liver cellular 
damage, putting them at greater risk of liver dysfunction and failure. This damage could be caused by T-cell dysregulation, fuelled by HIV infection, 
preceding the onset of schistosomiasis-related hepatosplenic disease. This progression is, of course, not the case in adults, because liver pathology 
caused by schistosomiasis is already underway when HIV infection is acquired.Research to assess the severity of schistosomiasis alongside HIV is 
needed.
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Is AIDS linked with schistosomiasis in co-endemic areas? 
There has been much discussion about whether schistosomiasis increases susceptibility to HIV; in Malawi where urogenital schistosomiasis is 
common, an increased susceptibility to HIV transmission among women has been suggested by the patterns of submucosal inflammation found 
around parasite eggs in cervico-vaginal biopsy samples. Studies in Kenya and Uganda, where intestinal schistosomiasis is common, have shown 
immune-modulation of anti-HIV responses in patients with schistosomiasis, including decreased production of interleukin 4 and interleukin 
10 compared with that in individuals without HIV, and decreased cytolytic CD8 T-cell response to viral antigens when both HIV infection and 
schistosomiasis were present.

The risk of HIV transmission might be increased by inflammation in the female genital tract from urogenital schistosomiasis—women in 
Tanzania and Zimbabwe with female genital schistosomiais have an increased age-adjusted rate of HIV infection compared with those without 
female genital schistosomiais.The effect of maternal female genital schistosomiasis on HIV transmission, during parturition for example, is not 
known. Additionally, men with urogenital schistosomiasis in Madagascar had substantial damage to their reproductive tracts, with increased 
leucocytes and proinflammatory cytokines in semen. As with other proinflammatory sexually transmitted infections, urogenital schistosomiasis in 
both sexes could increase HIV transmission as children enter puberty and become sexually active.

Babies of mothers who have both HIV and other common helminth infections (lymphatic filariasis, urogenital schistosomiasis, and hookworm) 
during pregnancy are more likely to have HIV 1 year after birth than are babies born to mothers with HIV alone.The risk of intrauterine, perinatal, or 
breast-feeding-related mother-to-child HIV transmission might be increased by substantial immune modulation in utero during the development 
of a doubly exposed fetus, rendering the baby more susceptible to viral infections.

A more rapid progression of HIV infection with pre-existing schistosomiasis seems likely because a 17-times-lower viral inoculum of SHIV 
was sufficient to infect rhesus macaques with intestinal schistosomiasis via mucosal exposure than the dose needed to infect controls without 
intestinal schistosomiasis. In mice, T-regulatory cell upregulation, which occurs in schistosomiasis, can inhibit the ability of CD8 cells to control viral 
replication and, if similar in human beings, could potentially increase HIV progression with concurrent schistosomiasis. Mice with schistosomiasis 
have raised concentrations of arginase-1 in macrophages; the arginase-1 in macrophages and neutrophils in individuals with HIV might worsen 
immune hyporesponsiveness, increasing opportunistic infections. The presence of increased HIV receptors on CD4 cells in patients with intestinal 
schistosomiasis creates further opportunity for HIV transmission and progression.

Treatment with praziquantel
Effect on HIV
The effectiveness of praziquantel is dependent on adequate blood concentrations of the drug and on presence of an intact and robust immune 
system - parasitological cure in T-cell-depleted mice with intestinal schistosomiasis is decreased compared with infected controls.38 Initial action 
of praziquantel against adult worms is associated with tegumental disruption and later synergy with an effective antibody-mediated immune 
attack. By contrast, studies of adults with HIV suggest that early immune suppression does not adversely affect antischistosomal treatment 
with praziquantel, with no difference noted in parasitological cure rates between patients with HIV and those without in Kenya, Zambia, and 
Zimbabwe. However, effects of antiparasitic treatment on HIV-related markers are not clear because a 2009 meta-analysis showed some benefit 
for deworming in the prevention of HIV progression after pooling of randomised trial data.When data for observational studies were included in 
the analysis, the apparent deworming effect was not as strong. Most surprisingly perhaps, no study has yet investigated treatment of both HIV 
and schistosomiasis with antiretroviral drugs as part of the regimen. In Zimbabwe, an unblinded randomised controlled trial showed a decrease 
in viral load and an increase in CD4 cell counts among adults who received early praziquantel treatment, compared with those who were treated 
3 months after diagnosis. Results of a double-blind, placebo-controlled, trial of multiple helminth co-infections in a cohort of pregnant women 
in Uganda showed no difference in viral load between women with HIV given praziquantel and those given placebo. However, investigators did 
report a benefit for patients treated with albendazole for other helminth infections, although the prevalence of intestinal schistosomiasis in this 
part of Uganda can be considered mild. A study in Ethiopia found evidence of a relation between deworming and decreased viral load. Conversely, 
results from two Ugandan studies showed a transient increase in viral load and decreased CD4 cell counts after treatment, mainly in individuals 
with severe intestinal schistosomiasis,from a transient host immune activation after praziquantel treatment, yielding a situation that favours 
increased viral replication. Other results from Kenya, Malawi, Uganda, and Zambia have shown no effect of praziquantel on HIV viral markers.

Use of praziquantel in children
The dosage for praziquantel in children (ie, at 40 mg/kg) is a direct extrapolation from adults, and is probably flawed because no information about 
praziquantel pharmacokinetics and pharmacodynamics in young children is available. Nonetheless, studies indicate efficacy and safety on-the-
ground with use of a praziquantel dosing pole, which allocates treatment on the basis of children’s height. However, evidence from Uganda has 
raised questions about recommended dosing, which might be inadequate for the metabolism of pre-school-age children and about whether 
children’s immune systems are sufficiently developed to provide potent parasite clearance. This effect on parasite clearance could be worsened 
by concurrent HIV infection or some other congenital or acquired immune deficiency.

Extrapolation of dose by weight from adults is particularly problematic because blood volumes, meta-bolic rates, and extracellular volumes 
are better correlated with body surface area. As a result, drug doses normalised to the weight of adults can result in lower doses in young children 
than when normalised to body surface area. Developmental changes are also important; particularly pertinent to praziquantel is the maturation 
of drug metabolism because the fetal liver contains only 30–40% of the CYP450 detoxification system content of adults, which typically ascends 
to a peak by age 10 years. These reduced enzyme concentrations might suggest slower drug clearance from the bloodstream in children, which 
is consistent with observations that drug concentrations are generally reported as higher in children than in adults.

An era of community chemotherapy: drug–drug interactions
With the roll-out of ART and increasing use of praziquantel in early childhood, there might be substantial benefit to treat both diseases 
simultaneously and as early as possible; however, some further consideration of drug interactions and side-effects would be advisable because 
of the many potential interactions between ART drugs and antiparasitic drugs. The cytochrome P450 super-family of enzymes is central to drug 
metabolism and drug–drug interactions, particularly praziquantel. Praziquantel is rapidly absorbed and has more than 80% bioavailability after 
oral administration,with drug clearance predominantly occurring by first-pass metabolism of CYP1A2, CYP2C19, and CYP3A4, with a dominance of 
CYP3A. Based on knowledge of drug metabolism, the expected effects of clinicians giving both ART and praziquantel will probably differ dependent 
on which ART drugs are used. For example, decreased praziquantel concentrations could occur if given concurrently with non-nucleoside reverse 
transcriptase inhibitors nevirapine or efavirenz, so-called HIV backbone treatments. These drugs are CYP450 inducers. Coadministration of 
praziquantel with protease inhibitors, which tend to inhibit CYP450 metabolism, could lead to increased praziquantel concentrations; thus, well 
designed studies of paediatric pharmacokinetics are needed to ensure safe and effective dosing when drugs are given concurrently.

Other drugs commonly used in sub-Saharan Africa are artemisinin-combination drugs and quinine derivatives for malaria, but based on their 
liver enzyme metabolism, neither is likely to affect praziquantel metabolism when given concomitantly. Antituberculous treatments (rifampicin, 
isoniazid, and clarithromycin) might have an effect on circulating praziquantel concentrations. Rifampicin is a potent inducer of CYP450, particularly 
CYP2C19 and CYP3A4, and in theory, this action could reduce circulating praziquantel concentrations. Isoniazid and clarithromycin might increase 
praziquantel circulating concentrations.Clarithromycin is recommended for multidrug-resistant infections.
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Immune reconstitution inflammatory syndrome 
Immune reconstitution inflammatory syndrome, more recently referred to as immune reconstitution disease, is a well known disorder that 
can occur after initiation of ART in some individuals. Immune reconstitution disease is a collection of inflammatory disorders associated with 
paradoxical worsening of existing infectious processes, particularly opportunistic infections of HIV/AIDS.Clinicians are reporting an increasing 
number of immune reconstitution disease cases in association with parasitic diseases, with flare-ups of reactivating schistosomiasis being noted 
as evidenced by raised eosinophilia, hepatosplenomegaly, and colitis with polyposis.

In Zimbabwe, results of a 2008 study show significant decreases in soluble tumour necrosis factor receptor 2 (a cytokine-associated marker 
linked with systemic inflammation) among patients with both HIV and schistosomiasis after they were given praziquantel. This finding suggests a 
reduction in inflammatory responses after praziquantel, which might lead to decreased HIV viral replication and even attenuate the risk of immune 
reconstitution disease after ART. Because no studies have been carried out in patients given ART, this sphere remains to be explored in all age 
groups.

HIV and schistosomiasis co-infection and childhood vaccinations 
After the expanded programme of vaccination, global vaccine coverage for children is increasing every year, whereas knowledge for the effects 
of coexisting childhood morbidities on response to vaccines is lagging behind, restricting vaccines’ optimum effectiveness in on-the-ground 
settings. Although safe, vaccination in children with HIV is less immunogenic than in children without HIV, and children with HIV who do achieve 
protective antibody titres can have a more rapid waning of vaccine-induced immunity.

Children born to women who have parasitic diseases, including schistosomiasis, have a decreased response to certain childhood vaccinations 
(eg, BCG). A 2011 randomised controlled trial in Uganda showed no association between single praziquantel or albendazole treatment of late-term 
pregnant women and the response of their infants to BCG; it is unlikely that one maternal dose of praziquantel can erase fetal immune sensitisation 
toschistosomeantigens.However,thequestionremainsas to whether maternal parasite infection, and then immune-skewing by HIV, modifies or 
exacerbates disease among children who then acquire schistosomiasis early in life, and whetherHIVandschistosomiasishavecombinedeffects on 
the efficacy of later childhood vaccinations - all of these events can also be set against pubertal hormonal production and its potential protection 
against schistosomiasis.

Delineating a research agenda 
As we have stated, there are several gaps in knowledge about HIV and schistosomiasis co-infection in children, which is rather staggering. When 
planning future integrated health interventions, we firmly believe that there is a global duty to address the disparity between paediatric and 
adult research and, as conceptual guidance, we suggest a timeline for future paediatric HIV and schistosomiasis research, delineated into key 
developmental periods of the child.

Before birth, there should be better documentation of the intricate relation between HIV and concurrent helminthiasis in mothers and 
unborn children, including efforts to develop non-invasive imagery methods or assays for detection of female genital schistosomiasis to clarify 
the at-risk population. Pregnant women with female genital schistosomiasis should receive praziquantelandratesofHIVtransmissionfromtreated 
mothers to children should be recorded. The effect of untreated vertically transmitted HIV in children who contract schistosomiasis at an early 
age should be investigated, along with their rate of progression to AIDS. The response to immunisation in children co-infected with HIV and 
schistosomiasis should be studied, with observation done of children born to women with schistosomiasis. Researchers should investigate the 
extent of fetal immune priming and modulation during the antenatal period and how this priming affects risk of schistosomiasis disease and HIV 
progression later in life. In children, the timing and successful occurrence of key stages as they progressively gain independence from their mothers 
is important. Interactions between HIV and schistosomiasis in causative mechanisms of anaemia, growth, retardation, decreased cognition, and 
decrease in overall quality of life need to be elucidated. Pharmacokinetics and pharmacodynamics of praziquantel efficacy in children should 
be investigated in field settings, as should drug–drug interactions of antiparasitic drugs used in preventive chemotherapy alongside ART and 
antituberculous drugs.

Investigators should more precisely measure the physical changes and psychological challenges to attainment of wellbeing for older children 
and adolescents with chronic diseases such as HIV and schistosomiasis by doing culturally sensitive studies of issues surrounding the beginning 
of sexual activity and minimisation of further risks of HIV transmission. Non-invasive methods for detection of genital schistosomiasis in both 
sexes and clinical staging schedules for disease management are needed. Pubertal hormonal production and its potential protection against 
schistosomiasis progression and reinfection rates should be studied. Social determinants of health encompassing behavioural and psychosocial 
problems should also be recorded to ensure the development and application of tailored interventions.

Conclusion 
Provision of optimum public health care for paired management of HIV and schistosomiasis in sub-Saharan Africa might be more than a decade 
away. Failure to develop and implement a realistic research agenda for infected children will result in the neglect of the youngest children who 
might be at particular risk for increased HIV transmission, HIV progression, and impaired response to drugs. We hope that this Review will stimulate 
a collective agenda to ensure that real progress will be made in the long-term management of paediatric HIV and schistosomiasis co-infection.
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Female genital schistosomiasis commonly remains undiagnosed due to its unacknowledged clinical 
manifestations. Millions of women in endemic areas are infected, and many suffer from abnormal vaginal 
discharge, contact bleeding, genital tumours, ectopic pregnancies, and an increased susceptibility to HIV. 
Sandy patches and rubbery papules identified by visual inspection may serve as indicators for the diagnosis 
of genital schistosomiasis. However, text books do not contain this information and it is not taught in 
medical school or to nurses serving these patients in endemic areas. The aim of this Atlas is to present the 
photocolposcopic manifestations of schistosomiasis in the lower female genital tract. Photocolposcopic 
images were captured from women between 15 and 49 years of age, between 1994 and 2012 in four 
different sites endemic for S. haematobium in Malawi, Zimbabwe, South Africa and Madagascar. This is the 
first atlas to present the clinical manifestations of schistosomiasis. Two types of sandy patches, abnormal 
blood vessels and rubbery papules are shown, as well as differential diagnoses. PloS NTDs makes it possible 
for all to access this information.

Introduction
The objective of this paper is to provide an overview of gynaecological lesions due to S. haematobium in the lower female genital tract for 
clinicians, researchers and health professionals in training. The material is based on investigations by the group in the last 20 years in Malawi, 
Zimbabwe, Madagascar and South Africa.

The extent of the problem
Urogenital schistosomiasis is most commonly caused by S. haematobium; however, cases of urogenital infections with other schistosome species 
have been reported. S. haematobium is particularly common in Africa, but may also occur in the Middle East. Previously, S. haematobium infection 
has been referred to as urinary schistosomiasis. With the new knowledge of the severity and prevalence of genital tract affliction, in both females 
and males, the World Health Organization (WHO) recommends that the disease should be called urogenital schistosomiasis.

Epidemiology and clinical consequences
Female genital schistosomiasis affects at least 16 million women in endemic areas, and may cause abnormal vaginal discharge, contact bleeding, 
ectopic pregnancy, and possibly an increased susceptibility to HIV. Several of these symptoms and signs may be caused by the immunologic 
reaction to schistosome eggs in the tissues.

The lesions caused by S. haematobium in the lower genital tract may be identified by the colposcopic examination of the cervix, vagina and 
vulva, and are most commonly found on the cervix. Autopsy studies indicate that S. haematobium ova are found in any location of the female 
genital tract. Lesions may be seen as sandy patches, abnormal mucosal blood vessels and rubbery papules (Randrianasolo, in progress). These 
focalized lesions are difficult to detect by visual inspection.

Early problem in girls
Most girls and women living in endemic areas acquire schistosomiasis during childhood when in contact with schistosome infested water, for 
recreational, domestic or other purposes. High worm loads acquired after years of water contact are more likely to create clinical problems, but 
short exposure may also have serious consequences, such as pain or salpingitis and schistosoma-induced non-malignant tumours.

Genital schistosomiasis has not been systematically inspected in girls; however, some papers suggest that the infection may cause 
manifestations already at an early stage in life. Gynaecological examinations are seldom performed in young girls prior to the first sexual intercourse, 
and hence case reports from girls are mostly reports of the vulvar schistosomal lesions. A few cases of vaginal and cervical schistosomiasis have 
been reported in young women. Furthermore, there are reports of decreased fertility and arrested development of corpora lutea in animal models, 
and of stunting and late pubertal development in humans, suggesting that schistosomiasis also may cause hormonal disturbances.
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Systematic investigations of urinary schistosomiasis have shown that urinary tract lesions in children resolve within two to six months post-
treatment, whereas lesions in adults are resistant to anti-schistosomal treatment. The effect of early treatment of genital schistosomiasis needs to 
be explored.

Male genital schistosomiasis
There have been a number of reports of haematospermia in men with genital schistosomiasis, even in men with negative urines. The issue will 
not be discussed in detail but briefly two Madagascan studies on men report S. haematobium ova in semen and concomitant haematospermia, 
increased leukocyte counts and cytokine levels. Dually infected men, with schistosomiasis and HIV, have been hypothesised to pose a risk of HIV 
transmission to their partners, and their semen could contaminate female genital specimens.

Diagnostic approaches for schistosomiasis in the lower female genital tract
Visual examination. An expert meeting in 2010 suggested that in patients from S. haematobium endemic areas, one or more of the following 
three clinical findings are adequate for a clinical diagnosis of schistosomiasis in the lower female genital tract: Sandy patches appearing as (1) 
single or clustered grains or (2) sandy patches appearing as homogenous, yellow areas or (3) rubbery papules. All three types of lesions may be 
found together with abnormal blood vessels, all aceto-white reaction negative, and stain as normal tissue when applying Lugol’s iodine solution. 
Female genital schistosomiasis (FGS) is therefore distinct from lesions associated with neoplasia.
Investigations in urine. Some studies indicate that less than 60% of women with FGS excrete schistosome ova in the urine, hence urine analysis 
alone is not adequate for an appropriate diagnosis. Testing for urinary S. haematobium infection, may be done by microscopy of the sediment 
following centrifugation of 10 mL of urine, or following urine filtration for the ova. Where there is no centrifuge, or the procedure cannot be 
performed for other reasons, the urine may stand in a conical sample container for some hours, before examination of the sediment. Several urine 
samples should be investigated and in low-intensity infections it may be necessary to explore large volumes over several days in order to detect 
infection. Eggs hatch at room temperature, but storing the urine in a fridge or adding formalin can prevent this.
Biopsy sample taken of genital lesions. Where it is clinically and ethically feasible, a bedside crushed biopsy taken from a suspected lesion has 
been purported to be one of the most sensitive diagnostic methods for FGS. This method does, however, have some disadvantages. Firstly, it 
precludes the possibility for histological analyses. Secondly, the biopsy punch is a crude sampling method of the small schistosome lesions and 
may fail to include the eggs. Furthermore, this method has been suggested to pose an increased risk of HIV transmission for the patient and her 
partner until the inflicted mucosal wound has healed. Lastly, ova may be found in clinically normal tissue.
Schistosome polymerase chain reaction (PCR). Lesions may be chronic in adults and can persist in the absence of live ova or worms. Old lesions 
may still be present and live eggs may be found in other locations not detected by PCR. Schistosoma real-time PCR may be run in vaginal lavage 
and biopsy material (Randrianasolo, in progress). The ova with miracidia DNA may live for some weeks and the worm can continue to lay eggs for 
a lifetime. The average life span of a worm is five years, but occasionally live worms have been found in humans up to 30 years after exposure. A 
positive schistosoma PCR result may indicate schistosomal disease in the female genital tract, or may be caused by ova contamination from urine 
or semen.
Cervical cytology. Papanicolaou (Pap) smears have been shown to have a low sensitivity for the diagnosis of schistosomiasis in the female genital 
tract, and should not be used to preclude genital schistosomiasis. However, results from Madagascar indicate that this test may be useful in some 
areas (Randrianasolo, in progress). A positive result may also be due to contamination from urine or semen.
Other tests. Serology, Circulating anodic antigen (CAA), Eosinophil Cationic Protein (ECP) and Eosinophil Protein-X (EPX, same as eosinophil 
derived neurotoxin, EDN) do not provide information of the location of the clinical problem. Serological tests range from 70% in sensitivity and will 
very often remain positive after treatment. CAA may indicate the presence of a live worm, but will be negative if the parasites are dead and the 
ova calcified. The eosinophil products rely on the host’s eosinophil reaction to the ova. In chronic disease, this is often not present. Furthermore, 
eosinophil tests may become positive in other diseases, such as asthma.

Methods
Ethical approval in the four study sites
In Zimbabwe, the Provincial and District Medical Directors, the village headman and village meetings gave their permission to conduct the study. 
Ethical approval was given by the Medical Research Council of Zimbabwe and by the ethical committee of the Special Programme for Research 
and Training in Tropical Diseases Research, UNDP/WB/WHO. While in Malawi, ethical approval was given by the Medical Ethical Committee of 
Malawi, Ministry of Health and Environmental Affairs 1993 and by UNDP/WB/WHO TDR. In South Africa, four ethics’ committees granted permission 
to perform the study; Biomedical Research Ethics Administration, University of KwaZulu-Natal (KZN), Department of Health, Pietermaritzburg, KZN, 
Regional Ethics Committee (REK) Eastern Norway, and the European Group on Ethics in Science and New Technologies 2011. The Departments of 
Health and Education in KwaZulu-Natal gave local permission. In Madagascar, ethical permission was obtained from the Committee of Ethics at 
the Ministry of Health in Madagascar.

Study information was provided to the study populations in the local languages. Informed oral or written consent was obtained. Oral 
informed consent was obtained in Malawi some hours prior to the investigations. It was done in accordance with the ethics approval from the 
Ethical committee of the Special Program for Research and Training in Tropical Diseases Research/World Bank/World Health Organization in1993 
and documented on the interview forms as was general practice at the time and location. In the three other study sites, written informed consent 
procedures were performed. Furthermore in each of the study sites the woman was asked before each step if she was willing to participate. 
Following consent, all women who fulfilled the inclusion criteria were offered gynaecological examination. Consent was also re-ascertained by 
the physician before each step of the investigation. Treatment and follow-up for schistosomiasis, sexually transmitted infections (STIs), cancer and 
other conditions were given in all sites.

Study populations
Selection criteria of consenting females in four different rural study sites endemic for S. haematobium in Malawi, Zimbabwe, South Africa and 
Madagascar between 1994 and 2012 were defined. All areas were low-endemic for S. mansoni. In all sites, except for Madagascar, some women 
had access to safe water sources; however, rivers were commonly used or had been used for laundry, playing and bathing. Patients were 
premenopausal and aged 15 to 49 years of age, the mean age varied according to study protocol.

Clinical examination
After insertion of a metal speculum (Malawi, Zimbabwe, South Africa) or a disposable plastic speculum (Madagascar) the gynaecological 
examination was performed in four steps: Cervicovaginal lavage; saline (5 ml or 10 ml as per protocol) was sprayed on the vaginal walls and cervix, 
drawn back into a syringe, and deposited into cryotubes. Thereafter, inspection of the mucosal surfaces was performed with the colposcope 
according to a predefined protocol, section by section. Mucosal abnormalities were documented. Then Pap smears were done in all consenting 
women. Lastly, anterior and posterior surfaces of the vaginal wall were inspected by rotating the speculum 90 degrees, and morbidity was 
documented. The inspection is only possible with a sturdy metal or a high quality plastic speculum (no sharp edges). In order to ensure that no 
contaminants (e.g. STIs, eggs or miracidia) were transferred, the metal speculums were autoclaved in all sites.
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The homogeneous yellow sandy patches were defined as sandy looking areas with no visible grains when using the 15 times magnification 
setting on the colposcope. The grains of the sandy patches are approximately 0.05 mm by 0.2 mm long, are shaped as minuscule rice grains, they 
may be single or in clusters of up to 300. The abnormal mucosal blood vessels in genital schistosomiasis were defined as pathological convoluted 
(cork-screw), reticular, circular and/or branched, uneven-calibered blood vessels.

Photocolposcopic imaging and quality control
Approximately 4000 colposcopic images were captured and the images of the highest technical quality were chosen. Eyepieces, lamps, bulbs, 
and surrounding light conditions were adjusted and more than 15 times magnification was often needed. The micro-meter focusing function was 
used continuously. For the review process in making this atlas printed, images had to be colour-proofed, balanced and converted to CMYK, using 
the colour profile of the printer.

A panel of experts in tropical diseases, genital schistosomiasis and gynaecology reviewed the findings using a projector, a computer screen or 
a monitor. The screens or projectors were focused, light adjusted or contrasted and/or the screen tilted foroptimal viewing. Only images with an 
adequate resolution for determining the diagnostic details were used.

Visual diagnosis of S. haematobium infection in the lower female genital tract
The findings caused by S. haematobium infection in the lower female genital tract may be subtle and focal, and may be easily missed. FGS 
cannot be precluded without the systematic use of a colposcope viewing the entire mucosal surface, including the vaginal fornices. Rotating the 
speculum is necessary to view the posterior and anterior vaginal walls. Most importantly the patient must be given enough information, time and 
privacy to be completely relaxed during the examination.

Results
Sandy patches and rubbery papules
Two types of sandy patches have been identified sandy patches appearing as (1) single or clustered grains or (2) sandy patches appearing as 
homogenous, yellow areas. The grains are deep or superficially situated in the mucosa, with a characteristic yellow, off-white or golden colour. 
The deeply situated grains merge into sub-mucosal plaque-like formations with uneven edges and shades of texture. Sometimes the mucosa is 
mottled beneath the surface. The mucosal surface over the deeply grained patches is smooth and grains are not moveable. The superficial grains 
have a distinct shape and colour. Grains can often be distinguished easily from each other even when they are clustered together. Occasionally, 
with a metal spatula, movable distinct minuscule crust-like superficial protrusions can be felt. These may cover the whole vaginal or cervical 
surface, but sometimes only one grain or a few individual grains are seen. The grainy and homogeneous sandy patches can be found concurrently. 
They do not respect the squamo-columnar junction and they are not confined to the transformation zone. The sandy patches are often but not 
always accompanied by other lesion types such as abnormal blood vessels or general signs of inflammation, but are always aceto-white reaction 
negative. In some cases with clusters of grains, the mucosa is hyperaemic or inflamed. The mucosa is often fragile, and the surfaces may bleed on 
touch (contact bleeding).

Rubbery papules were only found and documented in Madagascar. The same clinician (EFK) was clinically active in all study sites. All images 
from the different study sites were re-reviewed to explore if the rubbery papules might have been overlooked during previous investigations. Not 
a single case was identified in the other locations. The rubbery papules are spheroid, pustuloid and firm (hence rubbery), beige
papules in the cervicovaginal mucosa. The 0.3–1.2 mm papular lesions are easy to spot with the naked eye. They give the mucosa an irregular 
surface. The rubbery papules may stand alone, or be found concurrent with sandy patches. They are often surrounded by various degrees of 
vascularisation at their base; both abnormal blood vessels and mucosal bleeding may be seen.

Histopathologic findings
Microscopic examination of the cervicovaginal schistosome lesions frequently reveals viable and/or dead schistosome eggs in the stroma. No 
adult worms were identified in this material; maybe due to the biopsies being small and samples being superficial.

Differential diagnoses
Cervical intraepithelial neoplasia (CIN). In contrast to cervicovaginal schistosomiasis, CIN causes an aceto-white positive reaction. CIN is located 
within the transformation zone whereas schistosomiasis may be located anywhere in the genital mucosa. CIN and schistosomiasis have variable 
margins, surface contours and vascular patterns. The low-grade CIN lesions are characterised by feathery margins (‘‘geographic’’) and smooth 
surfaces. This may occasionally be seen in homogenous sandy patches, but these lesions are always aceto-white reaction negative. The high-grade 
CIN lesions are clearly demarcated, often with raised margins. The dense and varying colour intensity and irregular surface contours in high-grade 
CIN may potentially be mistaken for schistosomiasis. The high-grade lesions are often associated with different vascular patterns, such as mosaics 
or coarse punctation, whereas abnormal mucosal blood vessels associated with schistosomiasis often portray a larger reticulated pattern.
Cervical cancer. The finding of abnormal blood vessels should always raise the suspicion of malignancy. The mucosal blood vessels in 
schistosomiasis may be very difficult to distinguish from those of cancer. Invasive cancer is a solitary lesion starting in the transformation zone that 
can be proliferative exophytic or ulcerative with contact bleeding and foul smelling discharge as typical symptoms. Areas with CIN are frequently 
found around an early stage malignant tumour. The definitive diagnosis of cancer must be made with a biopsy and histological examination.
Flat condylomas caused by human papillomavirus. Aceto-white reaction positive lesions with sharply demarcated, elevated and cauliflower-like 
surfaces, mostly multiple and located outside the TZ. To date schistosomiasis has not been found to be associated with human papillomavirus 
(HPV) infection; however, S. haematobium ova have been found inside condylomas that have not been explored for HPV aetiology.
Nabothian cysts. The normal finding of Nabothian cysts may represent a differential diagnosis to the homogenous sandy patches and rubbery 
papules. Such cysts represent retention of mucus below the metaplastic squamous epithelium. They are always situated in the transformation 
zone. They are often single. The shape is circular and there is a central elevation of the mucosal surface. The blood vessels seem to be pushed aside 
or may cross over the surface.
Cervicitis. Cervicitis is typically characterized by a swollen and hyperaemic cervix and purulent discharge. S. haematobium eggs may be found in 
such cases but are not necessarily the cause. In Trichomoniasis the cervix is strawberry-like, with dilated, often fork-like capillaries. The discharge 
contains bubbles of gas and one may see mobile flagellates on wet smear.

Discussion
In schistosomiasis endemic areas, where women have signs of sexually transmitted diseases or malignant-looking lesions, the disease may be 
female genital schistosomiasis, as presented in these images. Microscopic examination may portray varying degrees of inflammation surrounding 
the schistosome eggs; from massive accumulation of eosinophils found in the rubbery papules, to moderate immune responses, which may also 
include CD4 positive lymphocytes and macrophages, and finally fibrous tissue, practically devoid of immune cells. Microscopic examination of 
the abnormal mucosal blood vessels seen during colposcopy may portray dilated venules or granulation tissue rich in sprouting micro vessels.
Thrombosis has also been found to be associated with intravascular schistosome eggs.
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The four study sites were in the Southern and Eastern regions of Africa. Findings in urinary schistosomiasis studies appear to be relatively 
similar in the four geographic regions. Likewise, genital sandy patches were similar in all the study sites. Rubbery papules of the genital tract 
were, however, only seen in Madagascar but have been reported in the urinary tract in Egypt. Likewise, one report in 1962, from South Africa, 
indicates similar findings. Furthermore, cervices in the Madagascan study site looked similar but were unusually soft. The soft genital tissues made 
it easy to rotate the speculum for full inspection of the anterior and posterior vaginal surfaces but it was difficult to sample adequate biopsies. 
To our knowledge this has not been reported previously. The intensity of infection was relatively high in Madagascar, but similar levels were 
found in Malawi and Zimbabwe. In Madagascar, cytological smears were found to be sensitive and specific indicators of genital schistosomiasis 
(Randrianasolo, in progress) whereas this has not been the case in other sites. This could indicate differences in the populations’ responses to 
cervical infection. However, we cannot preclude other factors such as differences in epidemiology, e.g. more recent infections, differences in 
exposure to infested water, genetic and strain differences, or other concomitant diseases. There was one common clinician in all the study sites, 
investigations were done and images were captured in the same way, group reviews of the photocolposcopic images involved experienced 
gynaecologists. A review of the older images confirmed the unusual findings in Madagascar.

The studies referred to in this atlas are all epidemiological field studies. We do not know what the lesions look like in pre-pubertal girls or 
post-menopausal women, since they were excluded from the studies. The cases presented here were likely infected in childhood but there are 
no clinical studies of the early manifestations of the disease. The colposcopic findings would have been different if done in women seeking 
medical care for gynaecological symptoms or complaints. The effect of schistosomiasis on conditions such as pelvic organ prolapse, leiomyomas 
and pregnancies are unknown. Vulvar lesions have not been included in the atlas as none of the clinical community-based studies found that 
vulvar lesions were associated with urinary or genital S. haematobium ova. Secondly, ova can be found in macroscopically normal tissue. In the 
case reports of vulvar lesions differential diagnostic tests were not done. None of the case reports that found S. haematobium in ulcers or tumours 
presented satisfactory differential diagnostic tests for syphilis, herpes or other possible causes. However, vulvar lesions are less common than other 
genital symptoms and may require a large sample size to establish a connection. Furthermore, children, unaware of their schistosomiasis status, 
reported having had more ulcers and genital protuberances if they were positive for urinary schistosomiasis. The findings could not be confirmed 
by clinical investigation for cultural and ethical reasons. In this atlas, ulcers and tumours have therefore not been presented. Likewise, none of 
the community-based studies report fistulae. None of the case reports that have found S. haematobium in fistulae have performed satisfactory 
differential diagnostic tests. This aspect has therefore not been included in this atlas.

In many Sub-Saharan African countries, diagnosis for STIs is made syndromically and patients with discharge will be treated for three diseases, 
Neisseria gonorrhoeae, Chlamydia trachomatis and Trichomonas vaginalis. Without the visual inspection and laboratory analyses, it will be 
impossible for the clinicians to differentiate FGS from other disease entities. Secondly, STIs and genital schistosomiasis commonly coexist. Thirdly, 
schistosomiasis in the lower female genital tract may mimic other serious pathology, such as dysplasia and neoplasia. Patients who have been 
exposed to schistosomiasis are hence at risk of incorrect diagnosis, unnecessary use of antibiotics or surgery, and inadequate treatment.

This overview may provide a platform for increased knowledge about this common disease. The authors hope the atlas will encourage further 
research into the clinical implications of the disease itself, its implications on fertility and susceptibility to HIV, HPV and other sexually transmitted 
diseases. If the overview is disseminated beyond the health services for the affluent and the scientific community, it may raise the index of 
suspicion and may make it possible to diagnose female genital schistosomiasis in rural endemic areas.
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Introduction 
Thirty-six researchers and national coordinators and programme managers of schistosomiasis and HIV/STD control programmes from west, east 
and southern Africa, Europe and USA gathered at the Taj Pamodzi Hotel in Lusaka, Zambia, to discuss the impact of genital schistosomiasis on 
public health and its implications for national programmes for the control of schistosomiasis, HIV/AIDS and sexually transmitted diseases.

Background 
Research in the field of genital schistosomiasis has given rise to the hypotheses that there might be a relationship between genital schistosomiasis 
and transmission of HIV, female infertility and morbidity.

Research has shown that women suffering from genital schistosomiasis have genital sandy patches and contact bleeding. There are several 
case reports discussing the possible causative association between genital schistosomiasis and cervical dysplasia and/or human papillomavirus. 
Furthermore, there is a recent study indicating that genital schistosomiasis may be refractory to treatment in adults.

Conducting research in genital schistosomiasis poses huge challenges. One major challenge is the difficulties in diagnosing genital schis-
tosomiasis. The commonly used diagnostic tools such as urine filtration and faecal Kato-Katz have been proven to be insufficient in diagnosing 
genital schistosomiasis. The ova are located in highly focal clusters and may be missed in a biopsy, especially with histological sectioning of a 
biopsy. Moreover, taking a biopsy for the diagnosis of genital S. haematobium infection remains an HIV transmission risk for the patient and her 
partner until the inflicted wound has healed, raising ethical concern. Wet smears and PAP smears make a contribution to the diagnosis but the 
sensitivity is low.

Objectives and form 
The overall objective of the workshop was to bring together researchers, national coordinators and programme managers with a relevant back-
ground to identify and discuss the impact of genital schistosomiasis on public health and its implications for national control programmes for HIV 
and STD as well as to identify future research needs and priorities.

A number of speakers were requested to present their recent and ongoing research covering the topics listed below. Participants were 
then given the opportunity to discuss and make recommendations for control of genital schistosomiasis in existing control programmes for 
schistosomiasis, HIV and STDs.

Content and Topics
The workshop addressed the following topics:
• genital schistosomiasis as a public health problem

• the possible association with HIV
• the possible association with other STDs (and possible indirect effect on cervical cancer)
• the possible effect of genital schistosomiasis on fertility and sexual behaviour

• diagnosis of genital schistosomiasis
• challenges in doing research on genital schistosomiasis

• research in adolescents and children
• immunological aspects of the transmission of HIV in the presence of schistosome eggs

• treatment of genital schistosomiasis

Visit to School health programme
Thursday afternoon all participants went to John Howard Township to visit the Kamulanga Primary School, funded by the Japanese government. 
The school had approximately 1300 students which all underwent the school programme on “Schistosomiasis, soil transmitted helminths and HIV/
AIDS control”. Nutrition and personal hygiene were one of the buss words in the school programme, which among others revealed committment 
from the students to keep the toilet facilities and school area clean as well as to care for their personal hygiene. The school grew vegetables and 
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fruit to support the nutrition of the students and made home visits to provide family members with the same knowledge as their children. Fur-
thermore, there was great focus on information on schistosomiasis, STH and HIV/AIDS through role plays, songs, drama, etc. In appreciation of the 
visit, the workshop sponsored footballs, hand-net and basket balls, jumping ropes and basket nets to the school.

Opening session
The workshop was officially opened by the Honorable Minister of Health, Dr B. Chituwo, Ministry of Health, Zambia and Dr N. Oernbjerg, Director 
of DBL. Dr J. Mwanza from the Zambia Bilharzia Control Programme chaired the workshop trough the opening session. The Honorable Minister of 
Health said that 2 million have schistosomiasis in Zambia, most of whom are mothers and children. Research is important in the Zambian decision 
making processes, and hopefully the affected communities will notice that we have held this consultation.

Conclusions and recommendations
Schistosoma haematobium frequently causes lesions in the urogenital organs. Gross haematuria and dysuria are commonly reported urinary tract 
symptoms, whereas pelvic pain and vaginal discharge in women and ejaculation discomfort in men are observed in genital schistosomiasis.

Female genital schistosomiasis is associated with HIV infection. The underlying mechanism is thought to be the egg-induced friable genital 
mucosa making women susceptible during intercourse with an HIV positive partner. Moreover, in men with HIV and S. haematobium co-infections, 
the inflammatory responses to egg deposition in the prostate or the seminal vesicles have been hypothesized to cause increased viral shedding 
in semen and may increase the risk of transmitting HIV.

It is essential that treatment for schistosomiasis is provided to children in all endemic areas for schistosomiasis transmission to prevent 
the complications and repercussions of the disease. All opportunities for treatment should be provided including preventative chemotherapy 
through mass administration complemented by availability of praziquantel in health centres and STI clinics. Health care providers in schistoso-
miasis endemic areas should be further sensitized to the symptoms, risks, treatment, and prevention of schistosomiasis and to the link between 
schistosomiasis and HIV infection

Research priorities in female (FGS) and male (MGS) genital schistosomiasis
Evidence suggests that FGS is associated with HIV infection, and a similar association has been hypnotized for MGS. However, to turn evidence 
of an association into proof, and to document causative relationships and involved mechanisms, require further and comprehensive studies. A 
full understanding of the association between genital schistosomiasis and HIV require further elucidation of various aspects related to genital 
schistosomiasis as such, including diagnosis, clinical features and morbidity, treatment regimens and disease perceptions.

The possible interaction between HIV and genital schistosomiasis is complex and other sexually transmitted diseases (STI), age- and sex-re-
lated differences in water contact patterns, and differences in socio-cultural factors and economic living conditions are significant confounders. 
This results in the need for large population based longitudinal studies with complicated study designs including multiple drug treatment 
regimens, pre- and post treatment analysis, and a thorough analysis of socio-cultural factors and economic living conditions. Introduction of a 
schistosomiasis component in ART (anti retroviral treatment) studies seems a natural way forward.

Research priorities are as follows:
Morbidity, diagnosis and treatment of genital schistosomiasis
• Documentation of FGS and MGS as courses of reproductive tract morbidity with a focus on high intensity infections
• Studies on the role of FGS and MGS in primary and secondary infertility
• Further exploitations of clinical findings and manifestations in FGS, including optimisation of methods to identify sandy patches and other 

pathological manifestations and standardisation of clinical registrations and questionnaires
• Further studies on clinical findings and manifestations in MGS
• People’s perception of FGS and MGS in the light of STIs as a significan confounder with a focus on symptoms and clinical manifestations
• Development of a sensitive, specific and widely accepted “gold standard” diagnostic technique for FGS and MGS, including the use of PRC and 

Elisa- ECP techniques on vaginal lavage specimens and optimisation of sampling techniques
• Optimising treatment regimes in FGS to address the proposed irreversibility of morbidity in adults and assessment of the effect of treatment in 

girls and young adults with different drug dosages
• Effect of praziquantel treatment in HIV positive individuals and further studies on the effect of treatment on symptoms and lesions in both 

MGS and FGS
• An analysis of the possible relevance of cryotherapy in treatment of genital tract pathology in FGS
• Further elucidation of the proposed spermatogenic apoptosis in MGS and its potential effect on fertility and reproductive health in men

Association between genital schistosomiasis, HIV infection and other STIs
• Confirmative studies that FGS predisposes to HIV infection and other STIs
• Further documentation that MGS may constitute a risk factor for HIV transmission

Immunological and other laboratory based studies to reveal mechanisms involved in the association between genital schistosomiasis and 
HIV infection
• Analysis of the possible role of angiogenesis, neovascularisation and increased levels of HIV receptors in genital lesions, in schistosome egg 

granolomas and in peripheral blood for the increased susceptibility to HIV in FGS
• An analysis of the HIV viral load in semen to document whether MGS due to egg induced inflammation in the prostate and seminal vesicles 

constitutes a risk factor for HIV transmission
• Elucidation of the possible role of a shift in the Th1/Th2 balance in individuals carrying both genital schistosomiasis and HIV infections in the 

increased susceptibility to HIV infection

Health Systems Research
• An analysis of appropriateness, feasibility and cost-effectiveness of introducing praziquantel treatment in STI clinics and other reproductive 

health facilities and services with a focus on anti-STI regimens in young women

Summary of the discussions
Epidemic Aspects of Genital Schistosomiasis with Respect to HIV
Dr Alex Simwanza from the Zambian National Aids Council presented the HIV epidemic in Zambia which shows the same disproportion of 
affected females as compared to males (18% and 13%, respectively) as the rest of sub Saharan Africa. Several studies on HIV prevalence have 
shown an unexplained gender quotient disfavouring rural women. In rural areas the differences between men and women is larger than in urban 
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areas, with up to 6.4 HIV positive women to every man. Women from rural areas also have an HIV prevalence peak at younger ages. Hence risk 
factors in rural and urban populations may be different. In rural areas the difference between the young men and women (15-24 years) is even 
larger. In young women the HIV prevalence may be up to 8 times higher than in young men. In Africa, women have been found to be at a higher 
risk of HIV per sexual intercourse with an HIV positive person than heterosexual men. 

Dr Simwanza reported that the Northern Province of Zambia is the least affected (8%) whereas the copper belt and Lusaka have 20 and 22% in 
prevalence, respectively. Condom use is 38%, and 20% will still have sex with a non-partner. PMTCT (prevention of mother-to-child transmission) is 
very low, being 22% and 8%) respectively. Knowledge of the infection is as high as 98%, but ART coverage is only 46% (of those who need it). ART 
has been rolled out after these figures were calculated. Dr Simwanza showed an extensive organisation chart where youth and religious groups 
as well as the private sector and NGOs are working with the National Aids Council.

The Social Aspects of Female Genital Schistosomiasis
Dr Heba Ali presented an interdisciplinary study on genital schistosomiasis in Egypt. The study attempted to draw on the approach that places 
reproductive health in a social and cultural context, where reproductive health is viewed as ‘the ability of women to live through the reproductive 
years and beyond with reproductive choice, dignity, and successful childbearing, and to be free of gynaecological disease and risk’ (Kattab 1999).

The study area was a remote village in the El Faiyum Hamlet where many had protected water, but where washing was still done in the canals. 
Many women had been treated by the Ministry of Health in mass treatment campaigns with praziquantel. Through focus group discussions 
and interviews it was found that abortions had been experienced by 33%, neonatal mortality by 33%, still births by 8% and 5% were infertile. 
Reproductive health problems were not discussed in the population. Urinary schistosomiasis prevalence was 17% (21/122). Female genital 
schistosomiasis (FGS) was defined as having at least one schistosome egg in cervical biopsy or sandy patches in the vagina or in the cervix. FGS 
was found in 50% of the infected women. These had more contact bleeding, erosions, polyps/ papillomata and leukoplakia than women without 
FGS.

Dr Ali pointed out that the study was designed as a small-scale pilot study and had some limitations. A single quantitative urine examination 
for Schistosoma haematobium is not sufficient, especially since mass therapy campaigns had been administered prior to the study. It can thus be 
assumed that the observed prevalence of schistosomiasis was an underestimation of the true prevalence in the study population. FGS may also 
have been underestimated due to the fact that the biopsies were rather small (< 5mm) due to the fear of bleeding from the biopsy sites, and due 
to the fact that the gynaecologists were reluctant to take them from sites suspicious of pathology. In addition, for ethical reasons, biopsies were 
not taken from the vagina or vulva.

She concluded that more research is needed to explore the association between schistosomiasis and reproductive morbidity. Furthermore, 
health care workers need training in the methods of detection and diagnosing FGS. Qualitative research is needed in order to better understand 
people’s perception about this disease entity. Increasing health awareness among the population should follow. Moreover, the development of 
sensitive, specific and widely acceptable diagnostic techniques is urgently needed for any future clinical and epidemiological research into FGS.

Discussion: The biopsies should be avoided, and other objective diagnostic procedures for genital schistosomiasis are needed. Dr. Ali was 
asked about the differential diagnosis and the other causes for reproductive tract morbidity and replied that a limited number of tests were done 
for STIs (sexually transmitted infections). She pointed out that the village was remote and they had not expected sexually transmitted diseases. 
However 8% were found to have syphilis so there could have been a potential for further exploration of the association between FGS and STIs.

Female Genital Schistosomiasis Clinical Findings and Manifestations
Dr. Kjetland presented clinical work done in rural Zimbabwe with Blair Research Institute. Gynaecological and laboratory investigations for 

S. haematobium and STIs were performed in 527 women between the age of 20 and 49. The aim of the study was to describe the prevalence 
of gynaecological S. haematobium infection (FGS) and to differentiate FGS from STIs. Homogenous yellow and/ or grainy sandy patches, the 
commonest type of pathology in the genital tract, were identified in 243 (46%) women. Grainy sandy patches were significantly associated with S. 
haematobium ova only. Genital S. haematobium ova presence was also significantly associated with homogenous yellow sandy patches, mucosal 
bleeding, and abnormal blood vessels. Ova presence was not associated with ulcers, papillomata, leukoplakia, polyps, or cell atypia. Urinary ova 
excretions decreased with age, however, genital schistosomal lesions were found at equal prevalence levels in all age groups. If lesions are touched 
with a spatula ‘crepitations’ may be heard as the spatula moves over the sandy areas.

In conclusion, genital schistosomiasis may cause sandy patches, mucosal fragility and bleeding, and is probably chronic after the age of 20 
years. Most cases would be missed if only urinary analyses were done.

Dr B. Randrianasolo (Madagascar) started off by acknowledging Professor Feldmeier and others who had brought attention to FGS as a 
neglected tropical disease entity. Dr Randrianasolo presented results from a clinical study conducted in two villages in Madagascar; Sirama (S. 
haematobium high-endemic, >50%) and Mataipako (<20%, low-endemic). The two villages were comparable in other aspects. The study aimed 
to explore the symptoms and clinical manifestations in the lower genital tract of sexually transmitted diseases. According to the study design 
praziquantel treatment was delayed for one month whilst women were treated for STIs. Symptoms and disappearance of symptoms were 
recorded at baseline (before any treatment), 1 month (after treatment of STIs only) and at 6 months (after treatment with praziquantel).

In the high-endemic schistosomiasis village only people with urinary schistosomiasis were included (n=147) and in the low-endemic village 
only people where no S. haematobium eggs were detected in urine were included (n=106). At baseline neovascularisations and inflammatory 
lesions were found significantly more often in the schistosomiasis endemic village. There was however no difference in the prevalence of sandy 
patches among the 2 villages (6% vs. 2%). Surprisingly, in the S. haematobium endemic area, there was less tenderness upon bimanual palpation of 
the uterus (6% vs. 22%, p<0.001) and there was significantly less “rough aspect of the cervix surface” (11% vs. 21%, p=0.03). After treatment (n=115) 
there were minor decreases in sandy patches: 6/157 (3.8%) vs. 1/64 (1.4%) and neovascularisation: 17/157 (10.8%) vs. 4/64 (6.3%). Dr Randrianasolo 
reported that sandy patches are difficult to visualise and may have been overlooked in the study. Contact bleeding had not been recorded.

In this comprehensive study, Dr Randrianasolo found that 50% of the women co-infected with STIs and schistosomiasis had no subjective 
complaints. Although there was no difference in occurrence of STIs in the 2 villages in the schistosomiasis endemic village women reported 
significantly more pelvic discomfort (p< 0.001), dysuria (p<0.05) and gross haematuria (p<0.05) in the highly endemic village. This difference 
between the 2 villages remained after all the STIs had been treated at the 1-month inspection.

There was no difference between the schistosomiasis endemic and non-endemic areas with respect to discharge, dyspareunia, vulval itch and 
postcoital bleeding. However, upon closer analysis looking at intensity of urinary schistosomiasis infection (less or more than 50 ova/10mL urine) 
dyspareunia was found more often in women with high-intensity infections (p=0.07).

Discussion: Symptoms may be difficult to differentiate from the sexually transmitted diseases (eg. dysuria in both cases). The genital 
examination is complicated in the rural setting and the lack of good light, magnification and stirrups may make it difficult to see the lesions. It is 
therefore important to look for less complicated ways of identifying sandy patches.

In Niger, 25% of the population is at risk of schistosomiasis. Dr Garba (Niger) and his group aimed to increase the knowledge about S. 
haematobium infection and its relationship with reproductive health in a community of women living in a hyper-endemic village. The study 
included randomly selected females who had lived more than 1 year in the village. Women were invited to participate, provided they were not 
menstruating, not virgins, and were a minimum of 2 months post partum. Women were interviewed, underwent a gynaecological speculum 
investigation, and urinary examinations. Direct and gram stained genital secretions were examined.

The study population constituted of 150 women of whom 80% were below the age of 36 years. Swimming (83%) and washing (58%) 
were the two main water contact activities; 32% of the population had urinary S. haematobium infection. Dysuria decreased with age as did 
history of haematuria. S. haematobium ova in urine was not associated with dysuria, lower pubic pain, pollakisuria, pelvic pain, menstrual 
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disorders, leucorrhoea, vulval itch, vulval lesions (incl. polyps), history of abortion, labour complications, still birth, premature delivery, infertility, 
condylomatous tumours, vulval and vaginal inflammation, cervicitis, cervical polyps, or cervix bleeding. ‘Tumefaction’ of the cervix was significantly 
associated with urinary S. haematobium.

Discussion: The term tumefaction was discussed. Dr. Garba explained this as increased size – swelling – of the cervix, not necessarily associated 
with signs of cervicitis and Dr. Randrianasolo confirmed this. Dr Kjetland asked if this could be measured. Dr Kaseba, gynaecologist from Zambia 
said that cervices are of many different sizes. It was then suggested that clinical registrations and questionnaires in the different groups should be 
standardised and sharpened so that the study results could be compared. This would also hold true for the sandy patches, the description of pain, 
the visual/colposcopic inspections, and palpatory findings. Furthermore, the association between symptoms and infection should be analysed 
for confounders.

Dr C. E. Ramarokoto (Madagascar) from the Pasteur Institut in Madagascar reported that transabdominal ultrasonography has previously 
revealed echogenic foci and masses in women from S. haematobium endemic areas. In a community based study in Northern Madagascar, 
systematic examination of the genital tract was done with intravaginal and transabdominal probes. Interestingly by ultrasonography, cervix, 
vagina, the tubes and ovaries were not different in the schistosomiasis endemic and non-endemic area. There was no difference in number of 
polyps, cysts, hyperechogenecity, hydrosalpinges or volumes of cervix or uterus. Evaluated by transvaginal ultrasound the female genitals did not 
change after praziquantel treatment in any of the two villages.

Female Genital Schistosomiasis and HIV Transmission
Blair Research, together with the University of Zimbabwe, Biomedical Research and Training Institute and University of Oslo conducted an 
extensive clinical and laboratory study in a population of rural women in Zimbabwe. Kjetland and co-authors found sandy patches in 46% of 
the women. The HIV prevalence was 29% and herpes simplex type-2 (HSV-2) prevalence was 65%. Permanently resident women between the 
ages of 20 and 49 years who were sexually active, non-pregnant and non-menopausal were included in a cross-sectional study, with a one-year 
follow-up. HIV was found in 41% (29/ 70) of women with laboratory proven genital schistosomiasis as opposed to 26% HIV positive (96/375) in 
the schistosomal ova negative group. In multivariate analysis S. haematobium infection of the genital mucosa was significantly associated with 
HIV seropositivity (adjusted OR 2.9, 95%CI 1.11- 7.5, p=0.030). All 7 women who became HIV positive in the study period (seroincidence 3.1%) had 
signs of S. haematobium at baseline. In accordance with other studies HIV was significantly associated with HSV-2 (OR 3.0, 95%CI 1.7- 5.3, p<0.001), 
syphilis and human papillomavirus. The highest HIV prevalence (45%) was found in the 25-29 years age group. There is some supporting evidence 
that can be drawn from other studies, which have demonstrated a higher level of HIV receptors CCR5 and CXCR4 in peripheral blood in S. mansoni 
infected individuals and more HIV receptors in genital lesions than in healthy tissue nearby. Furthermore, the sociological studies indicate that city 
prostitutes are often from rural areas, and in rural areas the HIV prevalence may be 6 times higher in young women than in young men.

Discussion: With the presence of chronic lesions one may suggest that the risk of getting HIV should maybe have been even higher. Women 
with genital schistosomiasis were found to have an almost 3-fold risk of having HIV. Other factors such as lifetime partners, dyspareunia and 
demographic data should be explored in more details. It was asked whether genital schistosomiasis is a progression of urinary schistosomiasis. In 
the ensuing discussion it was thought that the urinary and genital tracts were probably affected simultaneously through the venous anastomoses 
around the pelvic organs.

Dr P. Jourdan (Norway) quoted reports that have found genital ulcer disease and cervicitis to recruit immunologically active cells. Immune 
activation may increase both the number of target cells in the area and the number of chemokine receptors on each cell. Mononuclear cells from 
people with schistosomiasis are more susceptible to HIV infection in vitro than cells from people without schistosomiasis. This phenomenon has 
not yet been explored in genital cells from persons with schistosomiasis. Clinically, genital schistosomiasis is associated with abnormal blood 
vessels and mucosal bleeding. Studies have postulated that products secreted by S. mansoni ova may promote angiogenesis, similar to what is 
observed during the development of malignant tumours. This has led to the hypothesis that abnormal cells, receptors and blood vessels in genital 
schistosomal infection facilitate HIV transmission. This could be explored by further examination of biopsies taken from the female genital tract in 
relation to studies on FGS and the results may shed more light on the basis of increased susceptibility to HIV infection among women with genital 
schistosomiasis.

Discussion: Dr. Vennervald suggested that the analyses could also be done in other types of biopsies, which are more readily available, such 
as biopsies from the urinary bladder from European patients with urinary schistosomiasis. These biopsies are often taken routinely if the patient 
presents with urinary lesions.

Treatment of Female Genital Schistosomiasis
Based on the current knowledge Dr. Kjetland set out to answer if treatment of female genital schistosomiasis belongs in an STI clinic. Syndromic 
management of the STIs, based on concepts of aetiology and local knowledge of the efficiency of therapy, are strategies in STI and HIV prevention. 
In the syndromic approach treat index person and partners are treated for bacterial discharge or genital ulcers. According to a number of reports 
this is controversial. Furthermore, diseases that are not treated such as herpes simplex will recur. This may create marital discord among couples 
and also distrust among people in the performance of the clinics. Moreover, unnecessary treatment is costly for already strained economies. 
However, where diagnostic tools and transport are scarce treatment is given based on proven effect on the clinical entity.

Dr. Kjetland presented two sets of results from the 20-49 year-old women, who participated in the study from Zimbabwe.
Briefly, treatment was provided at baseline (40mg/kg) and (60mg/kg) at 3 months. Multivariate analyses were run controlling for HIV status, 

age, timing of treatment (early to late in the transmission season) and the sexually transmitted diseases. Praziquantel did not have a significant 
effect on sandy patches, mucosal bleeding, or neovascularisation. Furthermore some women were seen after 2 and 5 years. Their genital lesions 
remained unchanged. Urinary schistosomiasis ova excretion, however, ceased.

Women in the same cohort were asked about treatment prior to the study. Frequency of mucosal bleeding and sandy patches was significantly 
lower in women who had received treatment below the age of 20, even after correcting for current regular water contact and age. The different 
drugs used against S. haematobium seemed to have different effect on the presence of genital morbidity. Lucanthonen hydrochloride (used 
before 1973), metrifonate (used app 1974-1995) and lastly praziquantel had, in this order, decreasing ‘protective effect’ against genital schistosomal 
morbidity. However, when adjusting for patient age at treatment, no difference was seen. In conclusion, female genital lesions could possibly be 
prevented by early treatment. However, once established as chronic morbidity, there seem to be no demonstrable effect of treatment and the 
lesions remain unchanged.

Dr Randrianasolo reported from the Madagascan study where, as previously mentioned, praziquantel treatment was delayed for one month 
whilst women were treated for STIs. Symptoms were recorded at baseline (before any treatment), 1 month (after treatment of STIs only) and 
at 6 months (after treatment with praziquantel). Five months after treatment with praziquantel there was no longer difference in urinary S. 
haematobium (or STI) prevalences in the two villages. Furthermore, symptom levels were now the same in the two villages. Although many 
women had no symptoms Dr Randrianasolo suggested that genital S. haematobium infection and STIs may have two symptoms in common: 
dyspareunia (not significant) and dysuria (significant). She suggested that pelvic discomfort and gross haematuria were symptoms of genital 
schistosomiasis and that praziquantel should be added to the existing anti-STI regimen in young women (aged 15-24) living in schistosomiasis 
endemic areas.

Discussion: Although lesions did not change after treatment in the Zimbabwean women, the women from the schistosomiasis endemic 
village in Madagascar benefited from the praziquantel treatment with respect to some of the symptoms. CAA analyses had also been done 
and showed a significant reduction after treatment. Dr. Kjetland drew attention to the fact that the effect of praziquantel was the same in HIV 
positive and negative individuals, and also that urinary ova excretion had gone down satisfactorily. Dr. Sacko (Mali) suggested that treatment may 
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work differently in the different populations and that schistosomiasis may manifest itself differently in different populations. Anti-schistosomal 
treatment must be considered in adult men from S. haematobium endemic areas, who attend the STI clinic or other clinical settings with uro-
genital complaints. However, the efficacy of praziquantel treatment on lesions in the female genital tract must still be determined. In a clinical 
setting it may however be worthwhile to try praziquantel for unresolved genital complaints, especially if the patient is young or has only recently 
had her ‘schistosomal waterbody debut’. More research is needed on the effect of other treatment regimens on symptoms and lesions in the 
young and adult females.

Male Genital Schistosomiasis Clinical Findings and Symptoms
Dr P. Leutscher presented data on uro-genital symptoms reported by men living in an area of Madagascar where S. haematobium and STIs co-exist. 
Urethral discharge was significantly more frequently reported in the STI positive men compared to the STI negative men. Urethral discharge and/
or dysuria were reported with different frequencies according to the different microorganisms: N. gonorrhoeae (75%), C. trachomatis (40%), M. 
genitalium (20%) and T. vaginalis (25%). Half of the men tested positive for an STI or for S. haematobium were asymptomatic. Dysuria and painful 
ejaculation, in addition to gross haematuria, were associated to positive S. haematobium infection status. In men with moderate to high intensity 
of infection (≥ 50 eggs/10 ml urine), gross haematuria and uro-genital discomfort were reported significantly more frequently than in men with 
low intensity of infection (1-49 eggs/10 ml urine).

Dr Leutscher also presented data on semen analysis in a cohort of 27 S. haematobium infected men. The mean apoptotic rate at baseline was 
6.8%, which is abnormally high compared to reports from other cross-sectional studies. Fifteen (56%) individuals were detected with ova in semen. 
Apoptotic rate was significantly correlated to seminal ECP level. At follow-up, the prevalence and intensity of egg excretion in urine and in semen 
declined significantly in conjunction with a significant reduction in mean apoptotic rate to 3.3%. The study demonstrated that the spermatogenic 
cells in S. haematobium infected men undergo apoptosis, which seems responsive to anti-Schistosoma treatment. Egg induced inflammation in 
the seminal vesicles could be an underlying mechanism.

In a Malagasy study population Dr C. E. Ramarokoto investigated men by transrectal and transscrotal probes. In males, hyperechogenic and 
calcified lesions have been demonstrated in the prostate and in the seminal vesicles concomitant with seminal egg excretion in non-immune 
male individuals infected during temporary stay in endemic areas. Men in this schistosomiasis endemic area had significantly more prostate 
hyperechogenecity and calcifications, and the seminal vesicles were significantly larger. Epididyma and hydrocele were equally prevalent in the 
two populations. In the schistosomiasis endemic village seminal vesicle hyperechogenicity and size decreased after treatment. The same was the 
case with prostate hyperechogenicity whereas calcifications remained.

Discussion: Symptoms of genital schistosomiasis have not been included in the DALY calculations for schistosomiasis. Some have reported 
pain on ejaculation and erection and alleviation of this after treatment to the extend that wives have come to ask for treatment for their husbands. 
In the light of these findings the burden of disease should be recalculated.

Male Genital Schistosomiasis and HIV Transmission
Dr Leutscher reported the findings from a study investigating the seminal inflammatory response to egg-infestation of the urogenital organs in 
240 ejaculate donating men aged 15 to 49 years living in a Schistosoma haematobium endemic area of Madagascar. In 29 (12%) subjects detected 
with ≥5 ova excretion in the ejaculate, leucocytospermia, seminal lymphocytes and eosinophil leucocytes, were each significantly more prevalent 
compared that in 74 (31%) S. haematobium negative subjects (p<.01). In addition, seminal levels of interleukin IL-4, IL-6, IL-10 and tumor necrosis 
factor were significantly higher among seminal egg excreting subjects than among negative subjects (p<.001). Sexually transmitted infections did 
not act as confounders for the observed associations. At six months follow-up after systematic anti-schistosomiasis and STI syndrome treatment 
at baseline, the prevalence of seminal leucocytes decreased significantly amongst the previously seminal egg positive subjects. The same 
tendency was observed for the post-treatment levels of cytokines. Numerous studies have already shown an association between STI associated 
genital inflammation and HIV propagation. Therefore, this study suggests that male urogenital schistosomiasis may constitute a risk factor for HIV 
transmission due to the egg-induced inflammation in the semen-producing pelvic organs.

Discussion: Epidemiological and clinical studies are needed to investigate into the hypothesized relationship between male genital 
schistosomiasis and increased risk of HIV transmission. A pilot study is currently taking place in Malawi by Dr. Risa Hoffman from UCLA University 
as principal investigator aiming to measure HIV viral load in semen from S. haematobium and HIV co-infected men before and after treatment.

Genital Schistosomiasis and Infertility
Dr A. Keita (Mali) presented a case of secondary infertility in a patient with urinary schistosomiasis from an irrigation area in Mali. The woman 
was found to have bladder calcifications. Hysterosalpingography revealed bilateral obstructions of the Fallopian tubes. Dr Keita suggested that 
community based research should be done on the association between urinary schistosomiasis and infertility and bladder cancer. He also 
suggested that the association between genital schistosomiasis and lymphatic filariasis should be explored as well.

Discussion: Dr Kjetland pointed out that there are many reports of concomitant findings of female infertility and genital schistosomiasis. S. 
haematobium is rarely found in the uterus. There are a few case reports of stunting and late pubertal development confirmed in animal models 
with decreased fertility and arrested development of corpora lutea. This may indicate that there may be hormonal disturbances in women with 
schistosomiasis. Furthermore, there are many case reports on tubal schistosomiasis and ectopic pregnancies. The Zimbabwean study did not 
find a higher rate of abortions or complicated pregnancies in women with genital schistosomiasis, but was not designed to detect the effect 
of S. haematobium on these fairly rare phenomena. Some case reports suggest that anti-schistosomal treatment has resulted in pregnancy. 
However, all previous analyses lack information about other diseases that may cause tubal obstruction. Although the Zimbabwean study has 
found some association with secondary infertility no study has yet been large enough to control for STIs. It would be very natural to assume that 
if S. haematobium causes secondary infertility it would also cause increased prevalence of primary infertility and sub-fecundity. Furthermore, the 
effect of S. haematobium infection on male infertility has not been explored. Male S. haematobium caused infertility could be a confounder in the 
analyses of effect of S. haematobium on female fertility.

Diagnosis of Genital Schistosomiasis
The clinical diagnosis of female genital schistosomiasis is currently dependent on a good light source or even a colposcope. The crushed biopsy 
of genital tissue is still considered the gold standard for the parasitological diagnosis of genital S. haematobium infection. However, the ova are 
located in highly focal clusters and one may miss them, especially with histological sectioning of a biopsy. Moreover, women in parts of the 
schistosomiasis and HIV endemic areas might neither have a choice of whether to have intercourse or not nor the courage to suggest use of a 
barrier contraceptive method. Hence, taking a biopsy for the diagnosis of genital S. haematobium remains an HIV transmission risk for the patient 
and her partner until the inflicted wound has healed, and biopsies are thus not acceptable in these settings and are raising ethical concern. Wet 
smears and PAP smears may contribute to the diagnosis but the sensitivity is low.

University of Leiden has developed PCR in faeces and/or urine for a number of intestinal parasites and for urinary schistosomiasis. Robert ten 
Hove presented a brief list of possibilities for PCR analysis on faecal samples before he presented an example of using PCR as a tool for diagnosing 
schistosomiasis. The Assay 1 Real time PCR targets the S. mansoni (label FAM), S. haematobium (NED-MGB) cytochrome c oxidase subunit 1 and 
Assay 2 targets the schistosoma genus (label FAM) on rDNA repeat ITS2. Assays have been run on specimens from Northern Senegal consisting of 
176 ethanol suspended stool samples stored at room temperature, There was a significant correlation between S. mansoni Kato Katz findings and 
PCR, i.e. the median PCR value was significantly correlated with egg count (Kappa 0.44, p<0.01). In a few urine samples from Gabon decreasing 
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PCR values were observed with increasing intensity of infection. This was particularly obvious for specimens that had been stored at minus 80 
C. Furthermore, stool samples stored at room temperature in ethanol seemed to provide a good correlation with the presence of urinary S. 
haematobium. The PCR analyses are expensive, but could hypothetically replace rural gynaecological investigation. In the field the samples for 
analysis could be obtained in a much simpler way. Furthermore, a single sample could potentially be used to diagnose all the STIs in a multiplex 
PRC approach.

Discussion: This test could probably be used on vaginal lavage specimens as well as on male genital specimens. Concerning specimens from 
male genitals the risk of contamination with urine and thereby eggs in urine was emphasised. For the same reason, it was stressed that in females 
it is important that the specimen is taken ‘deep enough’.

Urinary Schistosomiasis and HIV
Dr P. Ndhlovu reported on a multidisciplinary study conducted in rural Zimbabwe where 722 women registered for the study, 557 fulfilled the 
inclusion criteria and HIV status was determined in 544. Geometric mean egg count in those who had urinary schistosomiasis was 5.1 eggs/10ml 
urine. S. haematobium prevalence was highest in the youngest age (60%) group and declined to 29% in older individuals (p<0.001). Intensity of 
infection followed the same pattern. HIV prevalence was 20% in those below the age of 20 and peaked in the 25-29 year olds (44.4%) after which 
it declined to 17.1% in those above the age of 45. Women from the Shona tribe with urinary schistosomiasis had significantly more HIV than those 
without schistosomiasis (p=0.02). Women above the age of 35 years and infected with urinary schistosomiasis were more than twice as likely to 
be HIV positive than those who were urinary schistosomiasis negative.

The granulomatous inflammatory response induced by trapped schistosome eggs is responsible for manifestations of schistosomiasis. The 
major effector mechanism is an antibody-dependent cell-mediated cytotoxic reaction where CD4 positive cells are active. The Th2 cytokine 
responses dominate in schistosomal infection while an optimal resistance to HIV is a predominantly Th1 response. Furthermore it has been 
hypothesized that the cells constituting the Schistosoma egg granuloma may contain specific receptors for HIV. Helminth infections in general 
suppress IL-2 and it has been hypothesized that this may increase the susceptibility to HIV transmission and propagation.

Dr Ndhlovu suggested that treatment and control of schistosomiasis may be an important complementary method to control the HIV 
pandemic in rural African populations. Future studies should include more than one method of schistosomiasis diagnosis, information about the 
time of HIV seroconversion and CD4 cell counts. Furthermore, differences in water contact patterns may confound the analysis of the association 
between HIV and schistosomiasis. Dr Ndhlovu suggested that further research is needed to explore new treatment strategies that will target the 
genital lesions in adults.

Discussion: The differences among the tribes were discussed. Dr Ndhlovu emphasised that a number of factors were not explored in this study 
and the lack of association between urinary schistosomiasis and HIV among the other tribes could be due to differences in duration of exposure 
to schistosomiasis.

Urinary and Genital Schistosomiasis Relations
Dr Kjetland reported that among women with urinary schistosomiasis in the different studies up to 65% also have schistosomiasis in the genitals 
and based on this one may ask if it is really necessary to do gynaecological investigations. In the Zimbabwean female genital study the mean 
intensity of urinary schistosomiasis infection was significantly higher in women with genital schistosomiasis (p=0.05). However 41% of the women 
without ova in urine had genital schistosomiasis. Furthermore, in the Zimbabwean study 123 of the 234 cases of genital schistosomiasis (53%) 
would not have been identified as Schistosoma egg positive without the genital inspection.

Schistosomiasis in HIV Positives
Dr V. Mwanakasale presented results from a study conducted among individuals aged 10-55 year in the copper belt of Zambia. They had found 
that the prevalence of heavy infections were lower in individuals with HIV and likewise, the proportion of haematuria. They only included people 
who had no signs or symptoms of HIV, and CD4 counts and viral load determinations were not done. Dr. Mwanakasale suggested that urine 
samples may be false negative for S. haematobium in HIV endemic areas and that a more sensitive technique for diagnosis is needed.

Discussion: It was asked if haematuria was quantified and compared in HIV positive and negative, but this information was not available. 
Similar to all the other genital schistosomiasis studies there was little information on the sociodemographic status. It was thus argued that HIV 
positive individuals may be from another segment of the population than HIV negatives. In the ensuing discussion it was contested that better 
diagnostic methods are needed as other studies have found ample schistosomiasis in the HIV positive.

Dr P. Kallestrup presented the MUSH-study, also from rural Zimbabwe. The study aimed to compare the intensity of schistosomiasis infections 
in HIV negative, HIV positive, and HIV immunodeficient individuals. Furthermore, the efficacy of praziquantel in immunocompromised HIV positive 
individuals was determined and the study sought to explore the effect of treatment on the course of HIV infection in HIV and schistosomiasis 
co-infected individuals.

Contrary to findings in Kenya and Zambia the Zimbabwean study revealed no difference of egg excretion in HIV positive and negative 
individuals. The egg excretion decreased satisfactorily after treatment but levels of the circulating schistosome antigen, CAA, declined to a lesser 
extend in HIV positive individuals. The study in Zimbabwe was considerably larger than the other studies from Kenya and Zambia, but the intensity 
of S. haematobium was lower.

CD4 counts were lower in HIV negative patients with S. mansoni than in those without S. mansoni. In this rural Zimbabwean study untreated 
schistosomiasis was associated with a minor increase in viral load, while treatment arrested this increase. This was contrary to a small study in 
Kenya and a larger study in Uganda showing increased viral loads among the individuals who were treated. However, there were some differences 
among the studies. The Zimbabwean study was a randomised controlled study in an area with primarily S. haematobium infections of relatively 
low intensity whereas the Uganda study was primarily S. mansoni with higher intensities

Discussion: The main messages from this study were that egg counts can be used to diagnose schistosomiasis in HIV positive individuals and 
that praziquantel treatment is efficient in HIV positive patients. Although this was a randomised study it would have been an advantage to know 
more about the individuals who dropped out of the study and to have information about TB, episodes of clinical malaria and sociodemographic 
data. Dr Kjetland commented that the reported effects on viral loads were clinically insignificant and had been assessed over very short periods. 
The current findings regarding the difference in viral load would be of no clinical significance or relevance. Dr Kallestrup confirmed that HIV 
experts had stated this previously. Dr Kallestrup would like to see schistosomiasis research as a component in ART studies. Moreover, Dr Gundersen 
suggested that follow-up studies based on several of the presented studies would be interesting.

Future Prospects
Dr M. Chimbari pointed out that the pending climate change may affect schistosomiasis transmission. Even though Africa has contributed the 
least to these changes it is likely to be affected the worst. There will be varying precipitation as Southern Africa is likely to become hotter and drier 
whilst central Africa will become hotter and wetter. Furthermore, Dr Chimbari showed that the number of so-called extreme events (droughts, 
floods, cyclones) is higher in the developed countries but that the death tolls are highest in Africa.

The climate change may increase the temperature in higher altitudes, change human settlement patterns and affect the movement of 
people. It may also affect the number of vectors such as mosquitoes and snails by increasing the number of breeding sites. Between 1982 and 
1996 the prevalence of S. haematobium increased in Matabeleland from 14.3 to 30% and S. mansoni was transmitted in areas where it had been 
absent in the 1982 survey. It has thus been hypothesized that malaria and schistosomiasis transmission will increase.
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Additional Reading

In order to intervene, there should be monitoring, early warning, forecasting, public education, and support for infectious diseases control. 
This is particularly challenging in African countries that have poor infrastructure, no funds dedicated for emergencies, low literacy rates in some 
areas, poor surveillance systems, armed struggles and government disagreements. Dr Chimbari listed possible funding opportunities on the 
subject of climate change: Global Environmental Facility (GEF) Trust Fund; Special Climate Change Fund (SCCF); Least Developed Countries Fund 
(LDCF); Kyoto Protocol Climate Adaptation Fund; IDRC funded Climate Change Adaptation in Africa (CCAA); WaterNet; Water Research Fund for 
Southern Africa (WARFSA); African Technology Policy Systems (ATPS).

Dr L. Mubila (Afro-WHO) presented the WHO strategic objective to reduce morbidity of schistosomiasis by prevention and regular treatment. 
At present WHO recommends two indicators for schistosomal morbidity – namely gross haematuria and ultrasound detectable changes in 
affected organs. WHO recommends management of cases and regular treatment of school aged children and other high-risk groups. Women 
of child-bearing age have been defined as a high-risk group along with occupational groups such as fishermen. Intersectorial collaboration 
is recommended including education, water and sanitation, as well as ensuring that developmental activity that may cause further spread of 
parasitic diseases must be accompanied by preventive measures. Dr. Mubila suggested that management of genital schistosomiasis should be 
integrated in the preventive measures for school aged children, in STI management programmes and/or in HIV/AIDS information packages.

The Way Forward
Dr P. S. Mbabazi (WHO, Geneva) gave an overview of WHO priorities and presented some questions. Neglected tropical diseases are known to 
have low fatality rates but high morbidity, and they are signs of systemic and systematic disadvantage. To a large degree the neglected diseases 
affect rural and remote populations, cause social stigmatisation and low-cost, effective public health tools are available. Furthermore, there may 
be paucity of data and minimal development of new tools and treatment.

WHO is dependent on data flow from the village levels to national and regional levels and also to WHO. It is a programmatic priority to 
combat disease by implementation of preventive chemotherapy and to monitor and evaluate adverse events, drug coverage, and efficacy. Halted 
chemotherapy before the parasite has been eliminated may render drugs ineffective, and both treatment and vector control are recommended 
strategies.

Dr Mbabasi stated that there is scanty information on management of adolescent illness as well as of co-morbidity and co-infections (e.g. 
schistosomiasis and HIV). Dr Mbabasi presented some questions from WHO:

1. The HIV-schistosomiasis relationship should be quantified and characterised
2. Global, regional, national data: what are the prevalence rates and disease burden data for schistosomiasis in HIV positive individuals and 

pregnant women?
3. The impact of treatment given to pregnant women should be quantified. Arethere any associated benefits?
4. Does preventive chemotherapy (PCT) prevent HIV transmission? Can we enhance protection of populations with PCT? (given a focused 

implementation of school-based programmes – largely not childbearing, not sexually active): what is the evidence to further PCT?
5. Are current activities interfacing with the WHO-HIV department? If so, how?
6. If any, what is the current interface with national programmes?
7. How would current HIV-schistosomiasis activities fit into existing systems?
8. WHO needs to know what research is planned, including operational research to obtain further evidence
9. For global advocacy: It is necessary to develop a clear, strong message

WHO is setting up a register for pregnant women treated with ACTs and anti-helminthic drugs. It is implemented in many African countries 
already. With expanded access to treatment there is an increasing need to assess risks associated with exposure to drugs both for mother and child.
Mr M. P. Mapingure asked the question of what is fuelling the HIV epidemic in different populations. For example why are young women more 
susceptible to infection than men? Or why is the Tanzanian epidemic not as severe as the Zimbabwean? Mr. Mapingure went on to list factors that 
may influence the HIV epidemic, such as STIs, number of sexual partners, male circumcision, male viral load, HIV background prevalence. There 
may be an association between genital schistosomiasis and HIV. This relationship will be affected by the duration of the lesion.

He went on to present examples of e.g. mother to child transmission. There is now mathematical software that has been fitted to data 
collected from many studies. Attributable fractions of new HIV cases due to HSV-2 (and other STIs) have been calculated for different time periods. 
Mr. Mapingure wished to explore the role of both schistosomiasis and STIs in the current and past incidence and prevalence of HIV incidence and 
prevalence and thereby try to find an explanation for the differences in HIV prevalence in Tanzania (6.9%) and in Zimbabwe (25.6%).

Prof M. Taylor presented a study planned to take place in KwaZulu-Natal. It is designed as a prospective study in schoolgirls treated yearly, as 
recommended by WHO, and with several cross-sectional gynaecological surveys in sexually active young adult women. The hypothesis is that 
early treatment may prevent both HIV transmission and chronic genital lesions and the study will provide data on the effect of praziquantel on 
genital lesions and on a potential protective effect on HIV transmission.

Discussion: It is important to collect information about prior treatment, especially among the controls.
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