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TSETSE AND TRYPANOSOMOSIS INFORMATION  
 

The Tsetse and Trypanosomosis Information periodical has been established to disseminate 
current information on all aspects of tsetse and trypanosomosis research and control to 
institutions and individuals involved in the problems of African trypanosomosis. This service 
forms an integral part of the Programme Against African Trypanosomosis (PAAT) and is 
jointly sponsored by the Food and Agriculture Organization (FAO) of the United Nations, the 
International Atomic Energy Agency (IAEA), the Inter-African Bureau for Animal Resources 
of the African Union (AU-IBAR), the World Health Organization (WHO), the Research 
Department for Livestock Production and Veterinary Medicine of the Centre de Coopération 
Internationale en Recherche Agronomique pour le Développement (CIRAD-EMVT) and the 
British Government’s Department for International Development (DFID). 

 The half-yearly periodical is prepared for publication, in both English and French 
editions, by the Food and Agriculture Organization of the United Nations. Each annual 
volume consists of two parts and an index. Subscription is free for all recipients engaged in 
trypanosomosis research and control, and requests for enrolment may be sent to: Ms Maria 
Grazia Solari, AGAH, FAO, Viale delle Terme di Caracalla, 00100 Rome, Italy (fax +39 06 
5705 5749; e-mail MariaGrazia.Solari@fao.org). 

 Since the value of this information service depends to a great extent on the receipt of 
relevant material from research workers, campaign planners and organizers and field workers 
themselves, readers are requested to submit news items and copies of scientific papers and 
reports to the Editor: Dr James Dargie, Brunnstubengasse 43, 2102 Bisamberg, Austria (tel. 
+43 2262 61735; e-mail j.dargie@aon.at). 

 We regret that we are unable to supply photocopies of the papers quoted in the 
periodical. 

 
Distribution dates and copy deadlines 
         Copy deadline for       Distribution 
    news items   (English and French editions) 

 Part 1   15 April       July/August 

 Part 2   15 October       January/February 

 
The Index will be distributed as soon as possible after the completion of each volume. 
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ABBREVIATIONS USED IN TTI 
 

 
a.i. active ingredient 
ACTH adrenocorticotrophic hormone 
ALAT alanine aminotransaminase 
ASAT aspartic acid aminotransaminase 
b.w. body weight 
BIIT blood incubation infectivity test 
CATT card agglutination test for  
    trypanosomiasis 
CD50 median curative dose 
CNS central nervous system 
CSF cerebrospinal fluid 
DNA deoxyribonucleic acid 
ELISA enzyme linked immunosorbent assay 
HAT human African trypanosomiasis 
HCT haematocrit centrifugation technique 
GIS geographic information system(s) 
GPS global positioning system(s) 
i.m. intramuscular(ly) 
i.p. intraperitoneal(ly)  
i.v. intravenous(ly) 
IFAT indirect fluorescent antibody test 
KIVI kit for in vitro isolation of  
   trypanosomes 

LC50 median lethal concentration 
LD50 median lethal dose 
M molar 
mAEC miniature anion-exchange  
   centrifugation technique 
McAb monoclonal antibody 
MW molecular weight 
NARS National Agricultural Research
   Services/Systems 
p.i. post-infection 
PCR polymerase chain reaction 
PCV packed cell volume 
ppb parts per billion (109) 
ppm parts per million 
r.h. relative humidity 
RNA ribonucleic acid 
SIT sterile insect technique 
sp(p). species (plural) 
ssp(p). subspecies (plural) 
UV ultra-violet 
VAT variable antigen type 
VSG variant surface glycoprotein 
WBC white blood cell 

 
 
Organizations 
ANDE Agence Nationale de Développement de l’Elevage 
AU African Union 
AU/STRC African Union/Scientific, Technical and Research Commission 
BICOT Biological Control of Tsetse by the Sterile Insect Technique 
CEBV Communauté Economique du Bétail et de la Viande 
CEMV Centre Universitaire de Formation en Entomologie Médicale et Vétérinaire 
CGIAR Consultative Group on International Agricultural Research 
CIRAD Centre de Coopération Internationale en Recherche Agronomique pour le  
   Développement 
CIRAD-EMVT Département d’Elevage et de Médecine Vétérinaire des Pays Tropicaux 
   du CIRAD 
CIRDES Centre International de Recherche-Développement sur l’Elevage en Zone  
   Subhumide 
CNERV Centre National d’Elevage et de Recherches Vétérinaires 
CNRS Centre National de Recherche Scientifique 
CREAT Centre de Recherche et d’Elevage, Avétonou, Togo 
CRSSA Centre de Recherches du Service de Santé des Armées Emile Pardé 
CTVM Centre for Tropical Veterinary Medicine 
DFID Department for International Development (UK) 
DNDi Drugs for Neglected Diseases Initiative 
DSE German Foundation for International Development 
EC/EU European Community/European Union 
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EDF European Development Fund 
FAO Food and Agriculture Organization of the United Nations 
FITCA Farming in Tsetse Control Areas of Eastern Africa 
GTZ Deutsche Gesellschaft für Technische Zusammenarbeit 
IAEA International Atomic Energy Agency 
IBAR Interafrican Bureau for Animal Resources 
ICIPE International Centre of Insect Physiology and Ecology 
ICPTV Integrated Control of Pathogenic Trypanosomes and their Vectors 
IFAD International Fund for Agricultural Development 
ILRI International Livestock Research Institute 
INRA Institut National de Recherche Agronomique 
IPR Institut Pierre Richet 
IRD Institut de Recherche et de Développement (formerly ORSTOM) 
ISCTRC International Scientific Council for Trypanosomiasis Research and Control 
ISRA Institut Sénégalais de Recherches Agricoles 
ITC International Trypanotolerance Centre 
KARI Kenya Agricultural Research Institute 
KETRI Kenya Trypanosomiasis Research Institute 
LCV Laboratoire Central Vétérinaire 
LNERV Laboratoire National de l’Elevage et de Recherches Vétérinaires 
LSHTM London School of Hygiene and Tropical Medicine 
MRC Medical Research Council 
MRU Mano River Union 
NITR Nigerian Institute for Trypanosomiasis Research 
NRI Natural Resources Institute 
OCCGE Organisation de Coopération et de Coordination pour la Lutte contre les  
                             Grande Endémies 
OCEAC Organisation de Coordination pour la Lutte contre les Endémies en Afrique    
   Centrale 
OGAPROV Office Gabonais pour l’Amélioration de la Production de la Viande 
OIE Office International des Epizooties 
OMVG Organisation pour la Mise en Valeur du Fleuve Gambie 
PAAT Programme against African Trypanosomosis 
PATTEC Pan-African Tsetse and Trypanosomiasis Eradication Campaign 
PRCT Projet de Recherches Cliniques sur la Trypanosomiase 
RDI Rural Development International 
RUCA Rijksuniversitair Centrum Antwerpen 
SADC Southern African Development Community 
SIDA Swedish International Development Authority 
SODEPRA Société pour le Développement des Productions Animales 
TDR UNDP/World Bank/WHO Special Programme for Research and Training in  
    Tropical Diseases 
TDRC Tropical Diseases Research Centre 
TPRI Tropical Pesticides Research Institute 
TTRI Tsetse and Trypanosomiasis Research Institute 
UNDP United Nations Development Programme 
USAID United States Agency for International Development 
USDA United States Department of Agriculture 
UTRO Uganda Trypanosomiasis Research Organisation 
WHO World Health Organization 



Tsetse and Trypanosomosis Information 

 vi

CONTENTS 
  Page 
SECTION A – NEWS 

31st ISCTRC General Conference, Bamako, Mali 1 
New PATTEC Coordinator                                                                                       3 
Brief on the Work of the PAAT Secretariat (2010-2011)                                        3 
Workshop to Review the PATTEC Plan of Action                                                    4 
Work supported by the Joint FAO/IAEA and IAEA Technical 
   Co-operationProgrammes      5 
   
SECTION B – ABSTRACTS 
 
1.  General (including land use) 12 
2.  Tsetse biology  

(a) Rearing of tsetse flies 22 
(b) Taxonomy, anatomy, physiology, biochemistry 23 
(c) Distribution, ecology, behaviour, population studies 29 

3.  Tsetse control (including environmental side effects) 33 
4.  Epidemiology: vector-host and vector-parasite interactions 41 
5.  Human trypanosomosis  

(a) Surveillance 47 
(b) Pathology and immunology 48 
(c) Treatment 51 

6.  Animal trypanosomosis  
(a) Survey and distribution 52 
(b) Pathology and immunology 56 
(c) Trypanotolerance 58 
(d) Treatment 59 

7.  Experimental trypanosomosis 
(a) Diagnostics                                                                               61 
(b) Pathology and immunology                                             65 
(c) Chemotherapeutics                                                                    76 

8.  Trypanosome research 
(a) Cultivation of trypanosomes                                                    98 
(b) Taxonomy, characterization of isolates                       98 
 (c) Life cycle, morphology, biochemical and molecular studies     101 

 



Tsetse and Trypanosomosis Information 

 1

SECTION A – NEWS 
 

31ST INTERNATIONAL SCIENTIFIC COUNCIL FOR TRYPANOSOMIASIS 
RESEARCH AND CONTROL (ISCTRC) GENERAL CONFERENCE, BAMAKO, 

MALI, 12-16 SEPTEMBER, 2011 
 

This Conference, the first of which was convened in 1949, was held at the Centre International 
de Conference de Bamako in Bamako, Mali. The ISCTRC Conference is organized on a two-
year basis, with this years’ theme being “Refocusing Research and Control of Tsetse and 
Trypanosomiasis: A Development Agenda”. 

The Conference was opened by the Prime Minister, Her Excellency Mme Cisse Mariam 
Kaidama Sidibe. The ceremony was also attended by the Malian Minister of Livestock and 
Fisheries, Hon Dr. Bokary Treta, the Minister of Health, Ms Diallo Madeleine Ba, the 
Commissioner for Rural Economy and Agriculture of the African Union Commission and the 
Director of AU-IBAR, Prof. Ahmed El-Sawalhy, among other prominent dignitaries. In her 
speech, the Prime Minister urged scientists to bring research to the doorstep of the rural poor 
who bear the scourge of tsetse and trypanosomiasis. The Director of the Inter-African Bureau of 
Animal Resources, Dr Ahmed El-Sawalhy, complemented the call of the Prime Minister by 
reiterating the commitment of AU-IBAR to contribute to removing the tsetse and 
trypanosomiasis burden from the African Continent. 

The AU Commissioner for Rural Economy and Agriculture observed that 60 million rural 
people and 50 million cattle in 37 sub-Saharan countries live within or at the margins of tsetse 
infested areas and are at risk of African trypanosomiasis. About 300 000 to 500 000 new cases of 
human African trypanosomiasis (HAT) are reported every year with an annual mortality of 
approximately 50 000 people. The Commissioner moreover observed that the economic loss due 
to animal African trypanosomiasis is estimated at US$ 5 billion a year. She urged institutions 
working on tsetse and trypanosomiasis, including the ISCTRC, the Pan African Tsetse and 
Trypanosomiasis Eradication Campaign (PATTEC), the Programme against African 
Trypanosomiasis (PAAT), the World Health Organization (WHO), the Food and Agriculture 
Organisation (FAO) and the International Atomic Energy Agency (IAEA) as well as national 
institutions, universities, international NGOs and research institutions to redouble their effort to 
contribute to the control, elimination and eventual eradication of tsetse and trypanosomiasis. She 
further observed that controlling, eliminating and eventually eradicating tsetse and 
trypanosomiasis calls for regional approaches as it is impossible for any single country to 
achieve tsetse free status without collaborating with neighbouring countries, given the 
transboundary nature of the fly and the attendant threat of re-invasion. She further emphasised 
the important role public and private partnerships can play in the management of tsetse and 
trypanosomiasis. 

A total of 314 participants attended the meeting, drawn from 26 African Member States, 
the African Union Commission, universities and research institutions from all over the world, 
FAO, WHO, the IAEA, PAAT, the International Centre for Insect Physiology and Ecology 
(ICIPE), the Centre International de Recherche-Développement sur l'Élevage en zone Sub-
humide (CIRDES), the Foundation for Innovative New Diagnostics (FIND), the Drugs for 
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Neglected Diseases (DNDi) and the Global Alliance for Livestock Veterinary Medicine 
(GALVmed). 

The Conference observed that significant progress had been made in the area of tsetse and 
trypanosomiasis field interventions and that there was a general trend and desire by countries to 
operate within the framework of PATTEC. A major issue of concern was how to use research 
methods and tools for the collection of good quality baseline data for the planning of control and 
eradication programmes. The Conference also noted that even though progress has been made in 
the implementation of PATTEC projects there was not sufficient quantification of the benefits 
derived in transforming livelihoods. 

The Conference also observed the growing interest and enhanced collaboration between 
institutions in all areas of tsetse and trypanosomiasis research and control as evidenced by the 
number of networks, consortia and other specialized groups that have evolved over time. 

Several papers were presented on the diagnosis and treatment of HAT. Of significance was 
the growing interest in non-invasive methods for the detection of the second stage of HAT. 
Research has also advanced in post-treatment follow-up periods and also in the use of 
appropriate combination of drugs for the treatment of HAT. It was also concluded that 
communities should be made familiar with the strategic use of trypanocides and that they should 
also have access to quality animal health products. 

The meeting noted with appreciation the contribution of countries towards the elimination 
of HAT as evidenced by the downward trend in the numbers of reported cases. Countries were, 
however, urged not to relent on the surveillance and treatment of HAT. 

The Conference acknowledged that a wide variety of tsetse suppression technologies, such 
as the sequential aerosol technique (SAT) have been developed and tested and that these have 
proven highly efficient under different ecological conditions. There was consensus that the 
sterile insect technique (SIT) as a mop-up technology is still very relevant and efforts should be 
geared towards removing the bottlenecks that hinder tsetse mass rearing. Challenges faced in 
tsetse fly mass rearing were discussed and it was heartening to note that a lot of work is currently 
being undertaken by national and international organizations to address high mortality in tsetse 
colonies attributable to viral infections (some of this work is described later under the work of 
the Joint FAO/IAEA Division and IAEA Technical Cooperation Programmes). 

The SAT was also noted to have succeeded under certain ecological conditions. It was, 
however, acknowledged that flexible guidelines were required to enable the adaptation of this 
technology to varying conditions in different countries. 

The Conference was informed of the significant progress made in the development of bait 
technology for tsetse suppression such as the use of insecticide-impregnated netting in domestic 
and peri-domestic livestock production systems. The cost-effectiveness and sustainability of this 
group of methods needs to be evaluated, and the participation of the private sector was identified 
as crucial in this endeavour. The Conference observed that as a result of current gains made in 
tsetse suppression/eradication, the issue of non-tsetse transmitted trypanosomiasis should be re-
visited. 

Presentations made on the use of geographic information systems (GIS) for tsetse and 
trypanosomiasis mapping were enlightening and there was consensus that they should be adopted 
by countries as a decision-support tool for the planning of tsetse and trypanosomiasis 
control/eradication programmes. 



Tsetse and Trypanosomosis Information 

 3

Given the low number of interventions under the sub-theme Land Use, Environment and 
Socio-Economics, the Conference encouraged scientists to develop proposals to address socio-
economic issues with emphasis on impact assessment. This could be addressed by the integration 
of socio-economic studies in tsetse and trypanosomiasis control/eradication programmes. 

The importance of capacity building in all areas of tsetse and trypanosomiasis research and 
control was also emphasized. 

In view of the theme of the Conference, it was acknowledged that research should be 
adaptive and in the short to long-term lead to development. This requires research themes to be 
formulated to respond to real development needs in the affected countries. 

 
NEW PATTEC COORDINATOR 

 
During a handover ceremony on 2 August 2011 in the African Union Office of the Director of 
Rural Economy and Agriculture (DREA), the PATTEC “instruments of power” were given to 
Dr. Hassane Mahamat by Dr. John Kabayo. The instruments consisted of a report, the tsetse gun 
(PATTEC flag) and a PATTEC cap. The ceremony took place in the presence of staff from the 
Commission and particularly from the DREA. Speaking during the handover ceremony, Dr. 
Abebe Haile Gabriel, Director, DREA hailed the occasion as a sign of maturity for power 
transfer. He commended Dr. Kabayo’s efforts and commitment in serving Africa through the 
fight against tsetse flies and trypanosomiasis and pledged to support the new Coordinator. 
Meanwhile, PATTEC celebrated its tenth anniversary during the 17th Ordinary Session of the 
Assembly of the African Heads of State and Government that took place in Malabo, Equatorial 
Guinea, 30 June-1 July, 2011. H. E. Teodoro Obiang Nguema Mbasogo, the President of 
Equatorial Guinea and Chairperson of the African Union is the PATTEC Patron for the ECCAS 
Region, while H. E. Prof. Bingu wa Mutharika, the President of the Republic of Malawi and 
former Chairperson of the African Union, is the Patron of PATTEC in the SADC Region. 
 

 
BRIEF ON THE WORK OF THE PAAT SECRETARIAT (2010 – 2011) 

 
Since October 2010, the PAAT Secretariat which is composed of FAO, IAEA, AU-IBAR and 
WHO staff organized one visit and three meetings. 

 
1. Visit to AU Headquarters in Addis Ababa, 3-8 October 2010 

 
Two members of PAAT Secretariat, (Raffaele Mattioli and Udo Feldmann) from FAO and IAEA 
respectively, visited AU Headquarters in Addis Ababa to hold talks with the AU Commissioner 
in charge of Rural Economy and Agriculture (REA) and with the PATTEC Coordinator on the 
issue of PAAT/PATTEC collaboration. During this visit, both parties recognized the need for 
reinforced collaboration and synergy between PAAT and PATTEC. During the talks, a request 
was made for PAAT to assist in revising the PATTEC Plan of Action. 
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2. Ad hoc meeting of the PAAT Secretariat at FAO Headquarters, 3-4 November 2010 
 

This meeting deliberated on the issues raised during the meeting held between the PAAT 
Secretariat mission and PATTEC coordination in Addis 3-8 October 2010 and which was 
dedicated to collaboration between PAAT and PATTEC and collaboration between the PAAT 
Secretariat agencies.  

On the PAAT-PATTEC collaboration, it was recommended that high level contacts be 
established between FAO and the AU Commissioner for REA. Improving that collaboration 
might require the inclusion of PATTEC in the Secretariat and any future MOU between FAO 
and AU should reflect the role of PAAT. It was also suggested that the PATTEC Plan of Action 
be revised in a participatory manner.  

On the inter-agency collaboration, the meeting suggested that steps be taken to formalize 
AU-IBAR’s membership of PAAT. 

In the course of this meeting members present also discussed the importance of capacity 
building in T & T. On this issue, it was suggested that investment in such programmes should be 
sited within the universities of the respective sub-Saharan African regions for the purposes of 
improving sustainability.  

 
3. PAAT Secretariat meeting in Addis Ababa, 26-27 January 2011 

 
The agenda of this meeting centred on the PAAT external review report, a summary of which 
was presented by the PAAT Secretariat focal point. Observations and comments were made by 
participants, but the main conclusion was that PAAT should have its own strategic framework 
which should clearly show its objectives, strategy, priority actions and the role of each of its 
PAAT Secretariat members. The meeting further emphasized that PAAT activities should not be 
confused with those of FAO, a member of the Secretariat. 

 
4. PAAT Secretariat meeting in Bamako, 8-9 September 2011 

 
The meeting’s objective was for participants to examine the draft PAAT Strategic Framework 
prepared by the Secretariat.  The submitted document was read chapter by chapter and comments 
and corrections taken by the focal point who prepared a clean document for approval at the next 
PAAT secretariat meeting which has yet to be convened.   

 
WORKSHOP TO REVIEW THE PATTEC PLAN OF ACTION, ADDIS ABABA, 

24-25 NOVEMBER 2011 
 

 
The African Union Commission (AUC) invited 25 participants from tsetse and trypanosomosis 
(T&T) affected countries and international and regional organisations and institutions to this 
workshop to review the PATTEC Plan of Action, which had been developed some ten years ago 
and was approved by the African Heads of States and Government at the AU Summit in Lusaka, 
Zambia, 2001. The participants discussed lessons learned from implementing activities under the 
PATTEC Plan of Action during the past ten years and initiated the development of a new 
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PATTEC Strategic Framework document by establishing four working groups to elaborate on 
the following topics: a) vector control/eradication; b) human trypanosomosis; c) animal 
trypanosomosis; and d) land use development. The PATTEC Coordination Office at the AUC 
intends to submit the new PATTEC Strategic Framework document for consideration to the 
African Heads of States and Government at their Summit in mid-2012. 

 
WORK SUPPORTED BY THE JOINT FAO/IAEA AND IAEA TECHNICAL CO-

OPERATION PROGRAMMES 
 

Most activities in relation to addressing the tsetse and trypanosomosis (T&T) problem are 
planned and carried out through the Insect and Pest Control (IPC) sub-Programme of the Joint 
FAO/IAEA Division and the IAEA Technical Cooperation Programme. Activities include (i) 
coordinating and supporting R&D for the most part through Coordinated Research Projects and 
by staff working at the FAO/IAEA Insect Pest Control Laboratory which is housed within the 
IAEA Laboratories at Seibersdorf near Vienna, (ii) providing technical and advisory services to 
Governments and their institutions (including through consultants and staff as well as training 
courses and fellowships) on planning, feasibility assessment and implementing area-wide 
integrated tsetse and trypanosomosis control efforts at national and regional levels, and (iii) 
collecting, analysing and disseminating accurate and balanced scientific, technical and policy-
relevant information to a wide variety of stakeholders in close collaboration with AU, FAO and 
WHO, and making use of the PAAT forum. Each six months the IPC sub-Programme publishes 
a Newsletter, the most recent being available at http://www-
pub.iaea.org/MTCD/publications/PDF/Newsletters/IPC-NL-78.pdf. 

Below is a description of some of the main activities conducted during the past 12 months, 
but full details - particularly concerning the extensive work carried out within the FAO/IAEA 
Insect Pest Control Laboratory which cannot be described here due to space limitations - are 
available by consulting the Newsletters themselves. 

  
1. Implementing the Pre-Operational Phase to Create a Zone Free of Glossina palpalis 

gambiensis using the Sterile Insect Technique (SIT) 
 
A delegation from the Mubarqui company visited the project in Senegal to discuss the 
development of a chill fly aerial release system for tsetse. This team is developing a chill fly 
aerial release system suitable for tsetse together with navigation equipment, recording and 
management software as a donation to the project. The system is based on the system used for 
fruit fly releases in Central America, but has been extensively modified to fit the much lower 
release rates and much higher cost of tsetse flies compared to fruit flies. Together with the 
project counterparts, the company Domain de Kalahari which is proposed to do the aerial 
releases was visited. This company has a number of two seat (tandem) gyrocopters that are used 
for sightseeing trips for tourists. It is proposed that these gyrocopters would be suitable for tsetse 
fly release. The Mubarqui team examined the gyrocopters with a view to fitting the chill release 
machine into the rear passenger compartment with the necessary associated power supplies and 
navigation equipment. They informed us that the new system would be ready in September 2011. 
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 The Mubarqui team also demonstrated the MacX web-based management system for 
recording and monitoring all aspects of the fruit fly release programmes in Central America. The 
system records rearing, release and monitoring data and presents these in various formats, 
including via Google Earth allowing an immediate visual impression of the area covered and the 
accuracy of the on-going releases. Any errors in track or altitude are immediately visible and a 
“virtual” flight can be followed to see the release path. Ruben Leal has offered to modify the 
MacX system, which is based on MySQL, and make it available for the tsetse project’s use. The 
current project database is in the process of being converted to ySQL and Rene demonstrated 
how easily and quickly the data could be loaded into the MacX system. It is recommended that 
the MacX system is adopted for the project with suitable modifications appropriate to tsetse 
biology. An initial contract for test releases will cover about 60 hours total flying time in the 
Kayar area, including a mobilization component to cover obtaining permits, preparing the 
gyrocopter for the releases, identifying and preparing emergency landing areas in the release 
zone, etc. As part of this test, shipments of pupae will be sent from Seibersdorf or Bratislava for 
comparison with the quality of the pupae shipped from CIRDES in Burkina Faso. The first 
shipment will be made to arrive in Dakar for release in Kayar simultaneously with the release of 
the CIRDES flies so that a direct comparison can be made. Depending on the outcome of this 
shipment a second shipment will be sent four weeks later and possibly further shipments. 
 

2. Creating a Tsetse-Free Zone in the Southern Rift Valley 
 

FAO/IAEA continued to provide technical assistance to the Southern Tsetse Eradication Project 
(STEP). This large and complex project aims at controlling and eventually eliminating the tsetse 
and trypanosomosis problem in the Ethiopian Southern Rift Valley by developing and applying 
an area-wide integrated pest management (AWIPM) approach, involving a sterile insect 
technique (SIT) component. The project has passed the phases of baseline data collection and 
feasibility assessment and is currently in the pre-operational and capacity building phase. In 
order for STEP to enter and receive support for the operational phase, some ten identified 
shortcomings, relevant to project management and a few of a technical nature, need to be 
addressed before completing the preoperational phase in mid-2012. By May 2011 “good” and 
“some progress” could already be reported on three and six of these shortcomings, respectively. 
Worth mentioning in this context are: a) a revised project management set-up and the 
appointment of a new, effectively working project management team; b) a substantial increase of 
the number of mass-reared tsetse colony females needed to supply sterile male flies for aerial 
release in SIT operations: the Glossina fuscipes fuscipes colony has meanwhile exceeded 600 
000 colony female flies; c) progress in the initiation of intensive and area-wide pre-SIT tsetse 
population suppression in the entire 10 500 km² STEP “block-1” field area, using insecticides on 
targets and on livestock, as well as in the near future, involving the sequential aerosol technique 
(SAT). Preparations are under way to initiate pilot operational aerial releases of sterile G. f. 

fuscipes male flies in April 2012 in the Deme valley. 
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3. Assessing the Feasibility of Establishing a Tsetse Free Zone in Lake Victoria Basin 

 
Collaborators in Uganda have made progress with standardised collection and processing of field 
data relevant to the tsetse and trypanosomosis problem. Tsetse suppression activities are under 
way in large parts of the Glossina fuscipes fuscipes belt in the country. A Government request to 
the IAEA for technical assistance against this key vector of animal and human African 
trypanosomosis in the country beyond 2011 was the basis for a meeting held in Vienna between 
tsetse control specialists from Uganda and Ethiopia. In the past years Uganda has repeatedly 
faced difficulties with creating a mass-reared colony of G. f. fuscipes. This prevented the 
development of a tsetse SIT component as part of AW-IPM measures in the country. As the 
STEP mass-rearing facility in Ethiopia meanwhile appears to be in a position to produce 
substantially more sterile male flies of this species than required for the SIT operations in the 
STEP project area, Ethiopia and Uganda entered negotiations and elaborated detailed plans for 
the procurement of sterile males for an SIT feasibility demonstration in a pilot area in Lake 
Victoria in Uganda, which is proposed to be implemented during the 2012-2013 biennium. 
 

4. Collaboration between SlovakAid and Kenya on the Tsetse and Trypanosomosis 
Problem 

 
For the past ten years the Institute of Zoology, Slovak Academy of Sciences (IZ SAS) in 
Bratislava, Slovakia, has collaborated with the FAO/IAEA in research and methods development 
for addressing the tsetse and trypanosomosis problem in Africa and in maintaining back-up or 
“seed” colonies of three important tsetse fly species in support of on-going and planned tsetse 
sterile insect technique (SIT) programmes in Africa. The IZSAS also assists FAO and IAEA and 
their Member States in providing training on tsetse mass rearing and aspects relevant to 
developing and applying SIT for scientists and technicians from collaborating African 
institutions. This fruitful collaboration between IAEA, FAO and the IZ SAS was instrumental in 
engaging the SlovakAid to provide bilateral technical assistance amounting to € 174 000 to the 
Trypanosomosis Research Centre of the Kenya Agriculture Research Institute (KARI-TRC) in 
Muguga, Nairobi, Kenya. 

The SlovakAid support was used to refurbish, equip and upgrade KARI-TRC’s tsetse 
rearing facility and to assist in tsetse research and control activities. Support was also provided to 
the KARI-TRC molecular genetics laboratory, which is among the leading institutions in Africa 
for research on tsetse population genetics. The KARI-TRC insectaries were equipped with the 
newly developed tsetse production unit (TPU-4), which now enables the Centre to increase its 
tsetse rearing capacity to about 100 000 colony female flies. Two KARI-TRC staff obtained 
SlovakAid sponsored fellowship training at the IZ SAS. The official commissioning of the newly 
equipped facilities at the KARI-TRC took place in December 2010 in the presence of Kenyan 
officials, the Ambassador of Slovakia Republic and representatives of the IZ-SAS. Activities 
under the bilateral cooperative effort currently focus on increasing the Glossina pallidipes colony 
at KARI-TRC with a view to initiating pilot SIT releases in the Lambwe Valley, Kenya. 
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5. Supporting the Creation of a Tsetse Free Zone in Southern Mozambique and 

North-East South Africa 
 
The third regional coordination meeting of TC project RAF5059 was held in Pretoria, South 
Africa in November 2011, hosted by the Onderstepoort Veterinary Institute (OVI). Scientists 
from the OVI, the Department of Veterinary Services, KwaZulu Natal (KZN), the Ministry of 
Agriculture, Mozambique and the Eduardo Mondlane University (EMU), Maputo, Mozambique 
attended the meeting. Dr Hassane Mahammat, the new Coordinator of the Pan African Tsetse 
and Trypanosomosis Eradication Campaign (PATTEC) was also present. The tsetse and 
trypanosomosis situation in KZN has not changed, i.e. it is clear that both G. brevipalpis and G. 

austeni are omni-present in KZN and the trypanosomosis prevalence averages around 19 percent. 
The disease is mainly managed though the curative administration of tryopanocidal drugs, very 
often only after clinical diagnosis. The dip tanks in KZN only use Amitraz, which is an acaricide 
ineffective against tsetse. 

New research data on vector competence seem to indicate that G. austeni is a better vector 
of trypanosomosis than G. brevipalpis. Population genetics data using mitochondrial DNA as a 
marker indicate that the flies in Swaziland belong to a separate population, but the flies from 
Southern Mozambique and KZN constitute one population. However, these findings need to be 
confirmed with other markers such as microsatellites. In Mozambique, the entomological and 
veterinary baseline data surveys were further implemented. Entomological surveys were carried 
out in 30 of the 54 grids where a total of 171 traps were deployed that trapped 609 tsetse flies, 
i.e. 515 G. brevipalpis and 94 G. austeni. Trap deployment needs to be done more effectively 
and there is therefore an urgent need to develop land cover maps to better guide these surveys. 
More than 2 000 cattle were screened in the target area using the buffy coat technique, giving an 
average trypanosomosis prevalence of 15 percent. T. congolense was the predominant species.  

A formal document has been signed by representatives of the Department of Agriculture, 
Environmental Affairs and Rural Development and the KZN Ezemvelo Wildlife, in which both 
parties endorsed a programme to eradicate tsetse from KZN. This document should clear the way 
to go ahead with the implementation of a tsetse eradication programme in KZN. 
 

6. Third Research Coordination Meeting of the Coordinated Research Programme on 
Applying Population Genetics and GIS for Managing 

Livestock Insect Pests 
 
This meeting was held from 10-14 October 2011 at CIRDES, Bobo Dioulasso, Burkina Faso and 
was attended by 17 research contract and agreement holders from 12 countries as well as by 
observers from CIRDES and PATTEC-Burkina Faso and by FAO and IAEA staff. Participants 
benefited from practical tutorials and working sessions on the use of free open source software 
(FOSS) for GIS aided field work. Based on the progress reports by the participants, the meeting 
generated specific technical recommendations regarding individual work plans and identified the 
following “tsetse specific targets” to be addressed by the final RCM in early 2013: 
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• Further development of specific techniques (population genetics and geometric 
morphometrics) and gathering of geo-referenced information for assessing differences 
between Glossina pallidipes populations; 

• Confirming: a) the updated northern limit for G. p. gambiensis and G. tachinoides in 
Burkina Faso by gathering additional entomological data; and b) the absence of tsetse in 
the area of the “‘Togo gap” (the two species are no longer trapped in this area of 
Burkina Faso), and assess the degree of “isolation” (population genetics and geometric 
morphometrics); 

• Strengthening FAO's support to CRP partners involved in tsetse and trypanosomosis 
research; 

• Developing a standardised spatial platform to be linked with FOSS GIS software for use 
by the CRP participants and providing technical support in the use of these applications. 

 
7. Consultants Meeting on Enhancing Vector Refractoriness to Trypanosome 

Infection, 10-14 October 2011, Vienna, Austria 
 

Four consultants discussed the current state of knowledge on controlling the susceptibility of the 
vectors of trypanosomes to their pathogens, current research on methods to change the 
susceptibility, and the need for future research and development in this area. The success of the 
FAO/ IAEA supported project to eradicate Glossina austeni from the island of Unguja, Zanzibar, 
integrating the SIT created considerable interest in utilizing this approach in other locations, and 
led to the African Union initiative on PATTEC. To date, FAO/IAEA supported SIT projects 
have been in areas without human sleeping sickness, and disease transmission has in the past 
been minimized by adding trypanocidal drugs to the blood meal when feeding sterile males 
before release. Nevertheless, for future projects, which could include areas of actual or potential 
human disease transmission, it would be desirable to develop strains refractory to the 
transmission of trypanosomes as a much simpler and more effective method of ensuring that 
released sterile flies do not transmit any disease. Several approaches are currently being 
investigated in this respect, including drug treatment, manipulation through Wolbachia infection 
and modification of the symbiont Sodalis glossinidis to express anti-trypanosome peptides. The 
meeting concluded that more work on these approaches is needed to better understand the 
mechanism involved, to determine the level of refractoriness achievable and to develop the 
necessary tools to produce refractory strains. The meeting drafted a proposal for a follow-up 
CRP to the current CRP on Improving SIT for Tsetse Flies through Research on the Symbionts 
and Pathogens. 
 

8. Call for Submission of Research Proposals for a new FAO/IAEA Coordinated 
Research Project on Enhancing Vector Refractoriness to Trypanosome Infection 

 
The SIT relies on the release of sterilized male insects to mate with virgin wild female insects. In 
the case of disease vectors such as tsetse, the sterilising dose that the insects receive does not 
reduce their vectorial capacity. It is therefore critical when large numbers of sterile male vectors 
are released, that the risk of transmission of the disease is minimized or eliminated. In the case of 
tsetse flies, disease transmission has in the past been minimized by holding sterile males after 
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emergence and adding trypanocidal drugs to the blood meal when feeding them before release. 
The development of strains that would be refractory to the transmission of trypanosomes would 
however be a much simpler and hopefully more effective method of ensuring that released sterile 
flies do not transmit the disease. In that way, the SIT for tsetse and other trypanosome vectors 
could be significantly improved. Tsetse flies (Diptera: Glossinidae) are the only cyclical vectors 
of African trypanosomes, protozoan parasites that cause sleeping sickness in humans (HAT) and 
animal African trypanosomosis (AAT). HAT is endemic to 36 countries in sub-Saharan Africa 
with about 70 million inhabitants at risk. In 2009, the number of new cases of HAT reported to 
WHO dropped below the symbolic number of 10 000. However, given that the disease affects 
hard to reach rural populations, and that active surveillance in war-torn areas is non-existent, the 
disease prevalence numbers are undoubtedly a gross underestimation. The related disease AAT, 
causes estimated losses to African agriculture of at least US $4.5 billion per year and has a 
profound effect on the development of the continent. Most economically important African 
trypanosomes are transmitted during the bite of the tsetse fly. Humans are only infected by 
Trypanosoma brucei rhodesiense and T. b. gambiense. The “nagana” - causing related 
trypanosomatids T. vivax, T. congolense and T. brucei brucei are major pathogens of livestock. 
The natural transmission of the major medically and veterinary important trypanosome species 
(T. brucei ssp., T. congolense and T. vivax) relies on the specific biological relationship between 
the parasites and the blood feeding insect vector, the tsetse fly. Indeed, depending on the 
trypanosome species, the parasite has to go through an obligatory developmental cycle that 
varies from a short cycle in the mouthparts of the fly (T. vivax) to a longer, more complex life 
cycle in the tsetse fly midgut and mouthparts (T. congolense) or the midgut, mouthparts and 
salivary glands for the T. brucei subspecies. For both T. congolense and T. brucei, the molecular 
interplay at different stages of development will determine the success of parasite development 
in the fly to the final infective stage. A better understanding of the vector-trypanosomes-
symbiont tripartite association is essential to develop methodologies that could result in the 
enhancement of refractoriness of the vectors to trypanosome infection. 
 Tsetse flies also harbour three maternally transmitted bacterial endosymbionts that 
presumably assume different roles with respect to their host’s biology. Wigglesworthia, an 
obligate mutualist, is found in all tsetse flies examined to date. Tsetse’s second symbiont, 
Sodalis, is a commensal bacterium found in all lab-colonized tsetse lines and some natural 
populations. Finally, some tsetse populations are colonized with Wolbachia. This bacterium is 
restricted to tsetse’s germ line, and exhibits a parasitic phenotype in its host. All three of these 
symbionts are potentially exploitable for the purpose of reducing trypanosome transmission 
through tsetse. Interestingly, while only these three bacteria are found in laboratory colonies of 
tsetse, field caught flies house a taxonomically diverse bacterial population that further 
manipulates their host’s biology. The elucidation of these interactions is essential to understand 
the determinants of tsetse vector competence for a given trypanosome population and how they 
can be affected. This knowledge will help to develop tools to enhance refractoriness to 
trypanosome infection. In this context a new CRP will be initiated focusing on various aspects of 
this tripartite association. It will offer a unique opportunity to bring together different research 
groups working on tsetse and other vectors of trypanosomes from different regions in the world 
that are active in this scientific field stimulating inter-disciplinary discussions and collaborative 
work. Four main research questions will be addressed by the CRP: 
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• Can the elucidation of tsetse-trypanosomes molecular interactions help to reduce or 
eliminate the transmission of trypanosomosis?; 

• Can the characterization and harnessing of the tsetse symbiome and pathogens help to 
improve the SIT?; 

• How are tsetse symbionts affected by radiation?; and 
• Can tsetse symbionts be used to develop novel vector and disease control tools, 

complementary to the SIT? 
 

A combination of the following priority topics will be targeted: 
 

• Diversity in midgut, natural populations (symbiome), comparison lab-natural tsetse; 
• Sodalis, Wolbachia, Wigglesworthia and others; 
• Impact of host blood on symbiont populations; 
• Sex differences in symbiont population (quantitative/qualitative environmentally 

acquired gut-microbiota); 
• Vector - microorganisms interactions (virus?; limitations for mass-rearing); 
• Effect of irradiation on symbiont populations; 
• Effect of irradiation on trypanosome infection; 
• Symbiont-based control strategies; 
• Paratransgenesis: maternal transmission, optimization; 
• Driving systems. 
 

The expected duration of the CRP is five years (2013-2017) and the first Research 
Coordination Meeting is planned for June 2013 in Vienna, Austria. Scientists and researchers 
who are interested in collaborating in this new CRP should contact Andrew Parker 
(A.G.Parker@iaea.org). Information on the IAEA Coordinated Research Programme and how to 
apply for research contracts and research agreements can be found at http://wwwcrp. iaea.org/. 
Applications should be submitted by 30 November 2012 to: Official.Mail@iaea. 
 

9. Training Opportunities in Molecular Biology 
 
The Insect Pest Control Laboratory in Seibersdorf has limited places for training fellows in 
molecular techniques related to its work on the Glossina pallidipes salivary gland hypertrophy 
virus (SGHV). These places would be suitable for recent graduates at MSc or PhD level with 
experience of molecular techniques who wish to gain further experience whilst contributing to 
our research programme. Places would be for 6–12 months and are subject to the availability of 
funds under the IAEA-TC programme. Prospective candidates with the necessary qualifications 
from tsetse affected Member States are encouraged to apply on the IAEA standard TC fellowship 
form (http://tc.iaea.org/tcweb/default.asp) through their National Liaison Officer. For informal 
enquiries contact the laboratory head Marc Vreysen (M.Vreysen@iaea.org). 
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SECTION B – ABSTRACTS 

1. GENERAL (INCLUDING LAND USE) 

 

15786. Bottieau, E., Vekemans, M. & Van Gompel, A., 2011. Therapy of vector-borne 
protozoan infections in nonendemic settings. Expert Review of Anti- infective Therapy, 9 
(5): 583-608. 

 
Department of Clinical Sciences, Institute of Tropical Medicine, Nationalestraat 155, 
2000 Antwerp, Belgium. [ebottieau@itg.be]. 
 

Vector-borne protozoan infections are responsible for a wide variety of illnesses (mainly 
malaria, trypanosomiasis and leishmaniasis) affecting tropical and subtropical areas, but 
increasingly diagnosed in non-endemic settings. This article summarizes the therapeutic 
developments for these conditions during the past decade and focuses specifically on treatment 
recommendations for returning travellers and migrants. The treatment of malaria has known the 
most spectacular improvements. Progress in the management of leishmaniasis and 
trypanosomiasis has also been substantial and includes introduction of new drugs into clinical 
practice, combinations of existing drugs, or new laboratory tools for treatment monitoring as 
well as extension of treatment indications to new groups of patients. Serious gaps still exist in 
terms of effectiveness and tolerance. Since the research pipeline is very limited for the coming 5-
10 years, optimized combinations of existing drugs need to be urgently explored. 

 
15787. Brun, R., Don, R., Jacobs, R. T., Wang, M. Z. & Barrett, M. P., 2011. Development 

of novel drugs for human African trypanosomiasis. Future Microbiology, 6 (6): 677-691. 
 

Department Medical Parasitology & Infection Biology, Swiss Tropical & Public Health 
Institute; and University of Basel, CH-4002 Basel, Switzerland. [brun@unibas.ch]. 

 
Human African trypanosomiasis (HAT) or “sleeping sickness” is a neglected tropical 

disease caused by the parasite Trypanosoma brucei. Novel models for funding pharmaceutical 
development against HAT are beginning to yield results. The Drugs for Neglected Diseases 
initiative (DNDi) rediscovered a nitroimidazole, fexinidazole, which is currently in Phase I 
clinical trials. Novel benzoxaboroles, discovered by Anacor, Scynexis and DNDi, have good 
pharmacokinetic properties in plasma and in the brain and are curative in a murine model of 
stage two HAT with brain infection. The Consortium for Parasitic Drug Development (CPDD) 
has identified a series of dicationic compounds that can cure a monkey model of stage two HAT. 
With other screening programmes yielding hits, the pipeline for new HAT drugs might finally 
begin to fill. 

 
15788. Cecchi, G., 2011. Biogeographical patterns of African trypanosomoses for improved 

planning and implementation of field interventions. PhD Thesis, Faculté des sciences - 
École Interfacultaire des Bioingénieurs, Université Libre de Bruxelles, Belgium. 
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Food and Agriculture Organization of the United Nations (FAO), Animal Production and 
Health Division, Viale delle Terme di Caracalla, 00153 Rome, Italy. 
[Giuliano.Cecchi@fao.org]. 

 
Spatially-explicit information is essential for planning and implementing interventions 

against vector-borne diseases. This is also true for African trypanosomoses, a group of diseases 
of both humans and animals caused by protozoa of the Genus Trypanosoma, and transmitted by 
tsetse flies (Genus Glossina). In this thesis the knowledge gaps and the requirements for an 
evidence-based decision making in the field of tsetse and trypanosomoses are identified, with a 
focus on georeferenced data and geographic information systems (GIS). Datasets, tools and 
analyses are presented that aim to fill some of the identified knowledge gaps. For the human 
form of the disease, also known as sleeping sickness, case detection and treatment are the 
mainstay of control, so that accurate knowledge of the geographic distribution of infections is 
paramount. In this study, an Atlas was developed that provides village-level information on the 
reported occurrence of sleeping sickness. The geodatabase underpinning the Atlas also includes 
the results of active screening activities, even when no cases were detected. The Atlas enables 
epidemiological maps to be generated at a range of scales, from local to global, thus providing 
evidence for strategic and technical decision making. In the field of animal trypanosomosis 
control, also known as nagana, much emphasis has recently been placed on the vector. Accurate 
delineation of tsetse habitat appears as an essential component of ongoing and upcoming 
interventions against tsetse. The present study focused on land cover datasets and tsetse habitat. 
The suitability for tsetse of standardized land cover classes was explored at continental, regional 
and national level, using a combination of inductive and deductive approaches. The land cover 
classes most suitable for tsetse were identified and described, and tailored datasets were derived. 
The suite of datasets, methodologies and tools presented in this thesis provides evidence for 
informed planning and implementation of interventions against African trypanosomoses at a 
range of spatial scales. 

 
15789. Gadelha, C., Holden, J. M., Allison, H. C. & Field, M. C., 2011. Specializations in a 

successful parasite: what makes the bloodstream-form African trypanosome so deadly? 
Molecular & Biochemical Parasitology, 179 (2): 51-58. 

 
Department of Pathology, University of Cambridge, Cambridge, UK.  
[mcf34@cam.ac.uk]. 

 
Most trypanosomatid parasites have both arthropod and mammalian or plant hosts, and the 

ability to survive and complete a developmental programme in each of these very different 
environments is essential for life cycle progression and hence being a successful pathogen. For 
African trypanosomes, where the mammalian stage is exclusively extracellular, this presents 
specific challenges and requires evasion of both the acquired and innate immune systems, 
together with adaptation to a specific nutritional environment and resistance to mechanical and 
biochemical stresses. Here we consider the basis for these adaptations, the specific features of the 
mammalian infective trypanosome that are required to meet these challenges, and how these 
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processes both inform on basic parasite biology and present potential therapeutic targets. 
 

15790. Kaneko, T., 2011. Drugs for neglected diseases: part I. Future Medicinal Chemistry, 3 
(10): 1235-1237. 

 
Global Alliance for TB Drug Development, 40 Wall Street, 24th Floor, NY 10005, USA. 
[takushi.kaneko@tballiance.org]. 

 

As mentioned in the foreword to the first issue in this two-part special focus, it is a 
challenge to obtain an overview of the field of neglected diseases from the perspective of 
medicinal chemistry. Yet, however challenging the situation is, the R&D landscape for neglected 
diseases has been improving in recent years. According to the Global Funding of Innovation for 
Neglected Diseases database, total worldwide funding in 2009 for all neglected diseases 
(including HIV/AIDS) stood at US$3.2 billion, representing an increase of 8.2 percent compared 
with 2008, in spite of the economic downturn in that period. The total amount appears 
substantial, but is quite meagre when actually spread over 31 neglected diseases. Furthermore, 72 
percent of those funds are taken up by the three most prevalent: HIV/AIDS, malaria and TB. The 
remaining funds are then spread over the other neglected diseases and include fields such as 
vaccines, diagnostics and platform technologies. Besides funding, the increased research effort is 
also reflected in the number of publications that cover a greater range of diseases, compared with 
five years ago. In addition to academic institutions, most major pharmaceutical companies have 
become involved in research efforts in the field of neglected diseases in various ways: donating 
antibiotics and de-worming agents; making their compound libraries available to outside 
organizations; donating patents to a patent pool; or by opening a screening facility. Therefore, it 
appears that various contributing factors are converging and the increased efforts should lead to a 
stronger pipeline. 

 
15791. Kolev, N. G., Tschudi, C. & Ullu, E., 2011. RNA interference in protozoan parasites: 

achievements and challenges. Eukaryotic Cell, 10 (9): 1156-1163. 
 

Department of Internal Medicine, Yale University School of Medicine, 295 Congress 
Avenue, New Haven, CT 06536-0812, USA. 
 

Protozoan parasites that profoundly affect mankind represent an exceptionally diverse 
group of organisms, including Plasmodium, Toxoplasma, Entamoeba, Giardia, trypanosomes, 
and Leishmania. Despite the overwhelming impact of these parasites, there remain many aspects 
to be discovered about mechanisms of pathogenesis and how these organisms survive in the host. 
Combined with the ever-increasing availability of sequenced genomes, RNA interference 
(RNAi), discovered a mere 13 years ago, has enormously facilitated the analysis of gene 
function, especially in organisms that are not amenable to classical genetic approaches. Here we 
review the current status of RNAi in studies of parasitic protozoa, with special emphasis on its 
use as a postgenomic tool. 
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15792. Komono, B. D., Koffi, M. & Coulibaly, B., 2011. Problems in the fight against sleeping 
sickness in Africa. Médicine d’Afrique Noire, June 2011. 

 
Université d’Abobo-Adjamé, 02 BP 801 Abidjan 02, Côte d’Ivoire ;URES (Unité 
Régionale de l’Enseignement Supérieur) de Daloa, Université d’Abobo-Adjamé, Côte 
d’Ivoire; and Institut Pierre Richet (IPR) Bouaké, S/C Institut National de Santé Publique 
(INSP), BP V 47 Abidjan, Côte d’Ivoire. [zg_david@yahoo.fr]. 

 
Fighting sleeping sickness has almost exclusively used methods based on tracking down 

and treating patients with drugs. In the past, these methods enabled elimination of most sleeping 
sickness from Africa. Unfortunately, these methods currently don’t seem to be giving 
satisfactory results. This can be explained by the fact many difficulties (insufficiencies related to 
the strategy, lack of willpower to adopt or take into account available scientific results) hinder an 
efficient implementation of methods based on tracking down and chemotherapy. It is necessary 
therefore to revise the fighting plan. Against this background, fighting against the vectors 
appears the best alternative since Glossina seems to be the most accessible link to break the cycle 
of transmission of the disease. In this regard, the political willpower of the African Heads of 
State and Government expressed through the PATTEC initiative of the African Union (AU) 
which empowers countries to fight against vectors can be regarded as an opportunity. Moreover, 
some results of research on populations of Glossina are now available to develop a suitable 
fighting plan against sleeping sickness in Africa. 

 
15793. La Greca, F. & Magez, S., 2011. Vaccination against trypanosomiasis: can it be done or 

is the trypanosome truly the ultimate immune destroyer and escape artist? Human 

Vaccines & Immunotherapeutics, 7 (11): 1225-1233. 
 

Laboratory for Cellular and Molecular Immunology, Vrije Universiteit Brussel, Brussels, 
Belgium. [stemagez@vub.ac.be]. 
 

To date, human African trypanosomiasis (HAT) still threatens millions of people 
throughout sub-Saharan Africa, and new approaches to disease prevention and treatment remain 
a priority. It is commonly accepted that HAT is fatal unless treatment is provided. However, 
despite the well-described general symptoms of disease progression during distinct stages of the 
infection, leading to encephalitic complications, coma and death, a substantial body of evidence 
has been reported suggesting that natural acquired immunity could occur. Hence, if under 
favourable conditions natural infections can lead to correct immune activation and immune 
protection against HAT, the development of an effective anti-HAT vaccine should remain a 
central goal in the fight against this disease. In this review, we will (1) discuss the vaccine 
candidates that have been proposed over the past years, (2) highlight the main obstacles that an 
efficient anti-trypanosomiasis vaccine needs to overcome and (3) critically reflect on the validity 
of the widely used murine model for HAT. 

 
15794. Malvy, D. & Chappuis, F., 2011. Sleeping sickness. Clinical Microbiology & Infection, 

17 (7): 986-995. 
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Travel Clinics and Division of Tropical Medicine and Imported Diseases, Department of 
Internal Medicine and Tropical Diseases, University Hospital Centre, Bordeaux, France. 
[denis.malvy@chu-bordeaux.fr]. 

 
Human African trypanosomiasis (HAT), or sleeping sickness, is a vector-borne disease that 

flourishes in impoverished, rural parts of sub-Saharan Africa. It is caused by infection with the 
protozoan parasite Trypanosoma brucei and is transmitted by tsetse flies of the genus Glossina. 
The majority of cases are caused by T. b. gambiense, which gives rise to the chronic, 
anthroponotic endemic disease in Western and Central Africa. Infection with T. b. rhodesiense 
leads to the acute, zoonotic form of Eastern and Southern Africa. The parasites live and multiply 
extracellularly in the blood and tissue fluids of their human host. They have elaborated a variety 
of strategies for invading hosts, to escape the immune system and to take advantage of host 
growth factors. HAT is a challenging and deadly disease owing to its complex epidemiology and 
clinical presentation and, if left untreated, can result in high death rates. As one of the most 
neglected tropical diseases, HAT is characterized by the limited availability of safe and cost-
effective control tools. No vaccine against HAT is available, and the toxicity of existing old and 
cumbersome drugs precludes the adoption of control strategies based on preventive 
chemotherapy. As a result, the keystones of interventions against sleeping sickness are active and 
passive case-finding for early detection of cases followed by treatment, vector control and animal 
reservoir management. New methods to diagnose and treat patients and to control transmission 
by the tsetse fly are needed to achieve the goal of global elimination of the disease. 

 
15795. Migchelsen, S. J., Buscher, P., Hoepelman, A. I., Schallig, H. D. & Adams, E. R., 

2011. Human African trypanosomiasis: a review of non-endemic cases in the past 20 
years. International Journal of Infectious Diseases, 15 (8): e517-524. 

 
Royal Tropical Institute - Biomedical Research, Parasitology, Meibergdreef 39, 1105 AZ 
Amsterdam, the Netherlands. [e.adams@kit.nl]. 

 
Human African trypanosomiasis (HAT) is caused by sub-species of the parasitic protozoan 

Trypanosoma brucei and is transmitted by tsetse flies, both of which are endemic only to sub-
Saharan Africa. Several cases have been reported in non-endemic areas, such as North America 
and Europe, due to travellers, expatriats or military personnel returning from abroad or due to 
immigrants from endemic areas. In this paper, non-endemic cases reported over the past 20 years 
are reviewed; a total of 68 cases are reported, 19 cases of Trypanosoma brucei gambiense HAT 
and 49 cases of Trypanosoma brucei rhodesiense HAT. Patients ranged in age from 19 months to 
72 years and all but two patients survived. Physicians in non-endemic areas should be aware of 
the signs and symptoms of this disease, as well as methods of diagnosis and treatment, especially 
as travel to HAT endemic areas increases. We recommend extension of the current surveillance 
systems such as TropNetEurop and maintaining and promotion of existing reference centres of 
diagnostics and expertise. Important contact information is also included, should physicians 
require assistance in diagnosing or treating HAT. 
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15796. Molyneux, D. H. & Malecela, M. N., 2011. Neglected tropical diseases and the 
Millennium Development Goals-why the "other diseases" matter: reality versus rhetoric. 
Parasites & Vectors, 4: 234. 

 
Centre for Neglected Tropical Diseases, Liverpool School of Tropical Medicine, 
Pembroke Place, Liverpool, L3 5QA, UK. [david.molyneux@liv.ac.uk]. 

 
Since 2004 there has been an increased recognition of the importance of Neglected 

Tropical Diseases (NTDs) as impediments to development. These diseases are caused by a 
variety of infectious agents - viruses, bacteria and parasites - which cause a diversity of clinical 
conditions throughout the tropics. The World Health Organisation (WHO) has defined seventeen 
of these conditions as core NTDs. The objectives for the control, elimination or eradication of 
these conditions have been defined in World Health Assembly resolutions whilst the strategies 
for the control or elimination of individual diseases have been defined in various WHO 
documents. Since 2005 there has been a drive for the expanded control of these diseases through 
an integrated approach of mass drug administration referred to as preventive chemotherapy via 
community-based distribution systems and through schools. This has been made possible by 
donations from major pharmaceutical companies of quality and efficacious drugs which have a 
proven track record of safety. As a result of the increased commitment of endemic countries, 
bilateral donors and non-governmental development organisations, there has been a considerable 
expansion of mass drug administration. In particular, programmes targeting lymphatic filariasis, 
onchocerciasis, schistosomiasis, trachoma and soil transmitted helminth infections have 
expanded to treat 887. 8 million people in 2009. There has been significant progress towards 
guinea worm eradication, and the control of leprosy and human African trypanosomiasis. This 
paper responds to what the authors believe are inappropriate criticisms of these programmes and 
counters accusations of the motives of partners made in recently published papers. We provide a 
detailed response and update the information on the numbers of global treatments undertaken for 
NTDs and list the success stories to date. The paper acknowledges that in undertaking any health 
programme in environments such as post-conflict countries, there are always challenges. It is 
also recognised that NTD control must always be undertaken within the health system context. 
However, it is important to emphasise that the availability of donated drugs, the multiple impact 
of those drugs, the willingness of countries to undertake their distribution, thereby committing 
their own resources to the programmes, and the proven beneficial results outweigh the problems 
which are faced in environments where communities are often beyond the reach of health 
services. Given the availability of these interventions, their cost effectiveness and the broader 
development impact we believe it would be unethical not to continue programmes of such long 
term benefit to the "bottom billion". 

 
15797. Moore, S., Shrestha, S., Tomlinson, K. W. & Vuong, H., 2011. Predicting the effect of 

climate change on African trypanosomiasis: integrating epidemiology with parasite and 
vector biology. Journal of the Royal Society Interface. E Publication ahead of print, 
November 9. 

 
National Center for Atmospheric Research, Boulder, CO 80307, USA. 
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[smoore@ucar.edu]. 
 

Climate warming over the next century is expected to have a large impact on the 
interactions between pathogens and their animal and human hosts. Vector-borne diseases are 
particularly sensitive to warming because temperature changes can alter vector development 
rates, shift their geographical distribution and alter transmission dynamics. For this reason, 
African trypanosomiasis (sleeping sickness), a vector-borne disease of humans and animals, was 
recently identified as one of the 12 infectious diseases likely to spread owing to climate change. 
We combine a variety of direct effects of temperature on vector ecology, vector biology and 
vector-parasite interactions via a disease transmission model and extrapolate the potential 
compounding effects of projected warming on the epidemiology of African trypanosomiasis. The 
model predicts that epidemics can occur when mean temperatures are between 20.7 0C and 26.1 
0C. Our model does not predict a large-range expansion, but rather a large shift of up to 60 per 
cent in the geographical extent of the range. The model also predicts that 46-77 million 
additional people may be at risk of exposure by 2090. Future research could expand our analysis 
to include other environmental factors that influence tsetse populations and disease transmission 
such as humidity, as well as changes to human, livestock and wildlife distributions. The 
modelling approach presented here provides a framework for using the climate-sensitive aspects 
of vector and pathogen biology to predict changes in disease prevalence and risk owing to 
climate change. 

 
15798. Mott, G. A., Wilson, R., Fernando, A., Robinson, A., MacGregor, P., Kennedy, D., 

Schaap, D., Matthews, J. B. & Matthews, K. R., 2011. Targeting cattle-borne zoonoses 
and cattle pathogens using a novel trypanosomatid-based delivery system. PLoS 

Pathogens, 7 (10): e1002340. 
 

Centre for Immunity, Infection and Evolution, Institute for Immunology and Infection 
Research, School of Biological Sciences, University of Edinburgh, Edinburgh, UK. 
[keith.matthews@ed.ac.uk]. 
 

Trypanosomatid parasites are notorious for the human diseases they cause throughout 
Africa and South America. However, non-pathogenic trypanosomatids are also found worldwide, 
infecting a wide range of hosts. One example is Trypanosoma (Megatrypanum) theileri, a 
ubiquitous protozoan commensal of bovids, which is distributed globally. Exploiting knowledge 
of pathogenic trypanosomatids, we have developed Trypanosoma theileri as a novel vehicle to 
deliver vaccine antigens and other proteins to cattle. Conditions for the growth and transfection 
of T. theileri have been optimised and expressed heterologous proteins targeted for secretion or 
specific localisation at the cell interior or surface using trafficking signals from Trypanosoma 

brucei. In cattle, the engineered vehicle could establish in the context of a pre-existing natural T. 

theileri population, was maintained long-term and generated specific immune responses to an 
expressed Babesia antigen at protective levels. Building on several decades of basic research into 
trypanosomatid pathogens, Trypanosoma theileri offers significant potential to target multiple 
infections, including major cattle-borne zoonoses such as Escherichia coli, Salmonella spp., 
Brucella abortus and Mycobacterium spp. It also has the potential to deliver therapeutics to 
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cattle, including the lytic factor that protects humans from cattle trypanosomiasis. This could 
alleviate poverty by protecting indigenous African cattle from African trypanosomiasis. 

 
15799. Namangala, B., 2011. How the African trypanosomes evade host immune killing. 

Parasite Immunology, 33 (8): 430-437. 
 

Department of Paraclinical Studies, School of Veterinary Medicine, The University of 
Zambia, Lusaka, Zambia. [b.namangala@unza.zm]. 

 
Unlike other protozoan parasites, African trypanosomes never enter the host cell at any 

stage of their development. Instead, these parasites swim freely in the immunologically hostile 
host tissue fluids. During the course of infection, a complex interaction between the host immune 
responses and trypanosome survival strategies occurs. Continued contacts with the host's 
immune system occurring during the course of infection could have provided strong selection 
pressure for African trypanosomes to evolve very sophisticated mechanisms to evade immune 
killing to survive the hostile immunological environment in the infected host. This review 
discusses some of the documented immunological evasion mechanisms African trypanosomes 
employ for their survival and perpetuity. 

 
15800. Paliwal, S. K., Verma, A. N. & Paliwal, S., 2011. Neglected disease - African sleeping 

sickness: recent synthetic and modelling advances. Scientica Pharmaceutica, 79 (3): 389-
428. 

 
Banasthali University, Distt-Tonk, 304022, Rajasthan, India. 

 
Human African trypanosomiasis (HAT) also called sleeping sickness is caused by 

subspecies of the parasitic haemoflagellate Trypanosoma brucei that mostly occurs in sub-
Saharan Africa. The current chemotherapy of the human trypanosomiases relies on only six 
drugs, five of which were developed more than 30 years ago, have undesirable toxic side effects 
and most of them show drug-resistance. Though development of new anti-trypanosomal drugs 
seems to be a priority, research in this area has lagged far behind. This review mainly focus upon 
the recent synthetic and computer based approaches made by various research groups for the 
development of newer anti-trypanosomal analogues which may have improved efficacy and oral 
bioavailability than the present ones. The paper also attempts to investigate the relationship 
between the various physiochemical parameters and anti-trypanosomal activity that may be 
helpful in development of potent anti-trypanosomal agents against sleeping sickness. 

 
15801. Pollastri, M. P. & Campbell, R. K., 2011. Target repurposing for neglected diseases. 

Future Medicinal Chemistry, 3 (10): 1307-1315. 
 

Northeastern University, Department of Chemistry and Chemical Biology, Hurtig 102, 
360 Huntington Avenue, Boston, MA 02115, USA. [m.pollastri@neu.edu]. 

 
Infectious diseases are an enormous burden to global health and since drug discovery is 
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costly, those infectious diseases that affect the developing world are often not pursued by 
commercial drug discovery efforts. Therefore, pragmatic means by which new therapeutics can 
be discovered are needed. One such approach is target repurposing, where pathogen targets are 
matched with homologous human targets that have been pursued for drug discovery for other 
indications. In many cases, the medicinal chemistry, structural biology and biochemistry 
knowledge around these human targets can be directly repurposed to launch and accelerate new 
drug discovery efforts against the pathogen targets. This article describes the overarching 
strategy of target repurposing as a tool for initiating and prosecuting neglected disease drug 
discovery programmes, highlighting this approach with three case studies. 

 
15802. Robertson, S. A. & Renslo, A. R., 2011. Drug discovery for neglected tropical diseases 

at the Sandler Center. Future Medicinal Chemistry, 3 (10): 1279-1288. 
 

Sandler Center for Drug Discovery, Department of Pharmaceutical Chemistry, University 
of California, 600 16th Street, S-272, San Francisco, CA 94158, USA. 
[stephanie.robertson@ucsf.edu]. 

 
The Sandler Center's approach to target-based drug discovery for neglected tropical 

diseases is to focus on parasite targets that are homologous to human targets being actively 
investigated in the pharmaceutical industry. In this way we attempt to use both the know-how 
and actual chemical matter from other drug development efforts to jump start the discovery 
process for neglected tropical diseases. Our approach is akin to drug repurposing, except that we 
seek to repurpose leads rather than drugs. Medicinal chemistry can then be applied to optimize 
the leads specifically for the desired antiparasitic indication. 

 
15803. Schauer, R. & Kamerling, J. P., 2011. The chemistry and biology of trypanosomal 

trans-sialidases: virulence factors in Chagas disease and sleeping sickness. 
Chembiochem, 12 (15): 2246-2264. 

 
Biochemisches Institut, Christian-Albrechts-Universitat Kiel, Olshausenstrasse 40, 24098 
Kiel, Germany. [schauer@biochem.uni-kiel.de]. 
 

Trans-sialidases constitute a special group of the sialidase family. They occur in some 
trypanosome species and, in a unique reversible reaction, transfer sialic acids from one 
glycosidic linkage with galactose (donor) to another galactose (acceptor), to form (alpha2-3)-
sialyl linkages. Trypanosomes cause such devastating human diseases as Chagas disease in 
South America (Trypanosoma cruzi) or sleeping sickness in Africa (Trypanosoma brucei). The 
trans-sialidases strongly contribute to the pathogenicity of the trypanosomes by scavenging sialic 
acids from the host or blood meal to coat the parasite surface; this aids their survival strategy in 
the insect's intestine, and in the blood circulation or cells of the host, and serves to compromise 
the immune system of the human or animal host. American and African trypanosomes express 
trans-sialidases at different stages of their vector/host development. They are transmitted to 
humans by insect vectors (tsetse fly or other insect "bug" species). Trans-sialidase activity with 
varying linkage specificity has also been found in a few bacterial species and in human serum. 
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Trans-sialidases are of increasing practical importance for the chemo-enzymatic synthesis of 
sialylated glycans. The search for appropriate inhibitors of trans-sialidases and vaccination 
strategies is intensifying, as less toxic medicaments for the treatment of these widespread and 
often chronic tropical diseases are required. 

 
15804. Tait, A., Morrison, L. J., Duffy, C. W., Cooper, A., Turner, C. M. & Macleod, A., 

2011. Trypanosome genetics: populations, phenotypes and diversity. Veterinary 

Parasitology, 181 (1): 61-68. 
 

Institute of Infection, Immunity and Inflammation, College of Medical, Veterinary and 
Life Sciences, University of Glasgow, UK. [a.tait@vet.gla.ac.uk]. 

 
In the last decade, there has been a wide range of studies using a series of molecular 

markers to investigate the genotypic diversity of some of the important species of African 
trypanosomes. Here, we review this work and provide an update of our current understanding of 
the mechanisms that generate this diversity based on population genetic analysis. In parallel with 
field based studies, our knowledge of the key features of the system of genetic exchange in 
Trypanosoma brucei, based on laboratory analysis, has reached the point at which this system 
can be used as a tool to determine the genetic basis of a phenotype. In this context, we have 
outlined our current knowledge of the basis for phenotypic variation among strains of 
trypanosomes, and highlight that this is a relatively under-researched area, except for work on 
drug resistance. There is clear evidence for “strain”-specific variation in tsetse transmission, a 
range of virulence/pathogenesis phenotypes and the ability to cross the blood-brain barrier. The 
potential for using genetic analysis to dissect these phenotypes is illustrated by the recent work 
defining a locus determining organomegaly for T. brucei. When these results are considered in 
relation to the body of research on the variability of the host response to infection, it is clear that 
there is a need to integrate the study of host and parasite diversity in relation to understanding 
infection outcome. 

 
15805. Vink, C., Rudenko, G. & Seifert, H. S., 2011. Microbial antigenic variation mediated 

by homologous DNA recombination. FEMS Microbiology Reviews. E Publication 
ahead of print, December 25. 

 
Department of Pediatrics, Erasmus MC, Rotterdam, The Netherlands. 
[c.vink@erasmusmc.nl]. 

 
Pathogenic microorganisms employ numerous molecular strategies in order to delay or 

circumvent recognition by the immune system of their host. One of the most widely used 
strategies of immune evasion is antigenic variation, in which immunogenic molecules expressed 
on the surface of a microorganism are continuously modified. As a consequence, the host is 
forced to constantly adapt its humoral immune response against this pathogen. An antigenic 
change thus provides the microorganism with an opportunity to persist and/or replicate within 
the host population for an extended period of time or to effectively infect a previously infected 
host. In most cases, antigenic variation is caused by genetic processes that lead to the 
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modification of the amino acid sequence of a particular antigen or to alterations in the expression 
of biosynthesis genes that induce changes in the expression of a variant antigen. Here, we review 
antigenic variation systems that rely on homologous DNA recombination and that are found in a 
wide range of cellular, human pathogens, including bacteria (such as Neisseria spp., Borrelia 
spp., Treponema pallidum, and Mycoplasma spp.), fungi (such as Pneumocystis carinii) and 
parasites (such as the African trypanosome, Trypanosoma brucei). Specifically, the various DNA 
recombination-based antigenic variation systems will be discussed with a focus on the employed 
mechanisms of recombination, the DNA substrates, and the enzymatic machinery involved. 

 
15806. Wainwright, M. & Baptista, M. S., 2011. The application of photosensitisers to tropical 

pathogens in the blood supply. Photodiagnosis & Photodynamic Therapy, 8 (3): 240-248. 
 

School of Pharmacy and Biomolecular Sciences, Liverpool John Moores University, 
Byrom Street, Liverpool L3 3AF, UK. [mark wainwright@hotmail.com]. 

 
The onset of the HIV pandemic led both to significant alterations in blood collection and 

screening practice and to the development of more sophisticated methods of inactivation of 
infectious agents from the blood supply. Photodynamic (i.e. light-activated) pathogen 
inactivation is one such method currently in limited use in various European states. The approach 
is based on the generation of a burst of reactive oxygen and nitrogen species, resulting in the 
activation of several cell death mechanisms. However, its application to tropical pathogens is 
perhaps less appreciated, despite the fact that the efficacies of photoantimicrobial agents such as 
methylene blue were originally reported following screening against organisms such as 
Trypanosoma cruzi and viruses such as those responsible for dengue and yellow fever. Since the 
objective of pathogen inactivation is to remove both established and emerging infective agents, it 
is necessary for photoantimicrobial agents to be broad-spectrum in activity. While this is 
demonstrable in plasma and platelet fractions, the application to red blood cells is currently 
under investigation. 

 
2. TSETSE BIOLOGY 

 
(a) REARING OF TSETSE FLIES 

 
15807. Byamungu, M., Matembo, S., Benedic, K. & Mashenga, G., 2011. Storage time effect 

on blood diet for tsetse mass production in sterile insect technique. Journal of Vector 

Borne Diseases, 48 (2): 93-95. 
 

Tsetse and Trypanosomiasis Research Institute, Tanga, Tanzania. 
[bmechtilda@yahoo.com]. 
 

Different methods have been developed for tsetse and trypanosomiasis control or 
eradication but all these have their specific advantages and limitations. However, a combination 
of methods could be used as part of an area-wide integrated pest management (AWPM) 
approach. The sterile insect technique (SIT) as a technique of choice for eradication of tsetse 
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flies requires mass production of flies in laboratories. Since tsetse flies are exclusively 
haemotophogous insects, a quality blood diet is needed for maintenance of flies with optimum 
production. The aim of this study was to establish the optimum storage time of a blood diet for 
tsetse colonies. A total of 450 Glossina austeni flies were fed on different batches of blood 
(collected in 2004, 2005, 2006, 2007 and 2008) three times a week. Pupae were collected daily 
and mortality checks were done on a weekly basis. The quality of the blood diet was measured 
by observation of tsetse production parameters including survival, pupae production and size. 
The survival of flies fed on 2004 and 2006 batches was lower compared to the rest of the 
batches. Also the 2005 batch had a significantly higher number of pupae compared to the 
production in other treatments. The 2004 and 2005 batches had more small pupae (class A & B) 
compared to the other batches. In conclusion, there were significant differences between the 
blood batches, with production parameters being better in the last three years, i.e. 2008, 2007 and 
2006. Therefore, this study recommends three years to be an optimum storage time for blood 
diets under regional conditions. Also the storage temperature conditions should remain stable at -
20 0C. 

 
(b) TAXONOMY, ANATOMY, PHYSIOLOGY, BIOCHEMISTRY 

 
 [See also 34: 16029]. 
 

15808. Belda, E., Silva, F. J., Pereto, J. & Moya, A., 2012. Metabolic networks of Sodalis 

glossinidius: A systems biology approach to reductive evolution. PLoS One, 7 (1): 
e30652. 

 
Institut Cavanilles de Biodiversitat i Biologia Evolutiva, Universitat de Valencia, 
Valencia, Spain. [andres.moya@uv.es]. 
 

Genome reduction is a common evolutionary process affecting bacterial lineages that 
establishes symbiotic or pathogenic associations with eukaryotic hosts. Such associations yield 
highly reduced genomes with greatly streamlined metabolic abilities shaped by the type of 
ecological association with the host. Sodalis glossinidius, the secondary endosymbiont of tsetse 
flies, represents one of the few complete genomes available of a bacterium at the initial stages of 
this process. In the present study, genome reduction is studied from a systems biology 
perspective through the reconstruction and functional analysis of genome-scale metabolic 
networks of S. glossinidius. The functional profile of ancestral and extant metabolic networks 
sheds light on the evolutionary events underlying transition to a host-dependent lifestyle. 
Meanwhile, reductive evolution simulations on the extant metabolic network can predict possible 
future evolution of S. glossinidius in the context of genome reduction. Finally, knockout 
simulations in different metabolic systems reveal a gradual decrease in network robustness to 
different mutational events for bacterial endosymbionts at different stages of the symbiotic 
association. In conclusion, stoichiometric analysis reveals few gene inactivation events whose 
effects on the functionality of S. glossinidius metabolic systems are drastic enough to account for 
the ecological transition from a free-living to host-dependent lifestyle. The decrease in network 
robustness across different metabolic systems may be associated with the progressive integration 
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in the more stable environment provided by the insect host. Finally, reductive evolution 
simulations reveal the strong influence that external conditions exert on the evolvability of 
metabolic systems. 

 
15809. Benoit, J. B., Yang, G., Krause, T. B., Patrick, K. R., Aksoy, S. & Attardo, G. M., 

2011. Lipophorin acts as a shuttle of lipids to the milk gland during tsetse fly pregnancy. 
Journal of Insect Physiology, 57 (11): 1553-1561. 

 
Division of Epidemiology of Microbial Diseases, School of Public Health, Yale 
University, New Haven, CT 06511, USA. [serap.aksoy@yale.edu]. 

 
During pregnancy in the viviparous tsetse fly, lipid mobilization is essential for the 

production of milk to feed the developing intrauterine larva. Lipophorin (Lp) functions as the 
major lipid transport protein in insects and closely-related arthropods. In this study, we assessed 
the role of Lp and the lipophorin receptor (LpR) in the lipid mobilization process during tsetse 
reproduction. We identified single gene sequences for GmmLp and GmmLpR from the genome 
of Glossina morsitans morsitans, and measured spatial and temporal expression of gmmlp and 
gmmlpr during the female reproductive cycle. Our results show that expression of gmmlp is 
specific to the adult fat body and larvae. In the adult female, gmmlp expression is constitutive. 
However transcript levels increase in the larva as it matures within the mother's uterus, reaching 
peak expression just prior to parturition. GmmLp was detected in the haemolymph of pregnant 
females and larvae, but not in the uterine fluid or larval gut contents ruling out the possibility of 
direct transfer of GmmLp from mother to offspring. Transcripts for gmmlpr were detected in the 
head, midgut, milk gland/fat body, ovaries and developing larva. Levels of gmmlpr remain stable 
throughout the first and second gonotrophic cycles with a slight dip observed during the first 
gonotrophic cycle. GmmLpR was detected in multiple tissues, including the midgut, fat body, 
milk gland, spermatheca and head. Knockdown of gmmlp by RNA interference resulted in 
reduced haemolymph lipid levels, delayed oocyte development and extended larval gestation. 
Similar suppression of gmmlpr did not significantly reduce haemolymph lipid levels or 
oogenesis duration, but did extend the duration of larval development. Thus, GmmLp function as 
the primary shuttle for lipids originating from the midgut and fat body to the ovaries and milk 
gland to supply resources for developing oocytes and larval nourishment, respectively. Once in 
the milk gland however, lipids are apparently transferred into the developing larva not by 
lipophorin but by another carrier lipoprotein. 

 
15810. Cirimotich, C. M., Ramirez, J. L. & Dimopoulos, G., 2011. Native microbiota shape 

insect vector competence for human pathogens. Cell Host & Microbe, 10 (4): 307-310. 
 

W. Harry Feinstone Department of Molecular Microbiology and Immunology, 
Bloomberg School of Public Health, Johns Hopkins University, 615 N. Wolfe Street, 
Baltimore, MD 21205-2179, USA. [gdimopou@jhsph.edu]. 

 
The resident microbiota of insect vectors can impede transmission of human pathogens. 

Recent studies have highlighted the capacity of endogenous bacteria to decrease viral and 
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parasitic infections in mosquito and tsetse fly vectors by activating their immune responses or 
directly inhibiting pathogen development. These microbes may prove effective agents for 
manipulating the vector competence formalaria and other important human pathogens. 
 
15811. Dyer, N. A., Ravel, S., Choi, K. S., Darby, A. C., Causse, S., Kapitano, B., Hall, M. 

J., Steen, K., Lutumba, P., Madinga, J., Torr, S. J., Okedi, L. M., Lehane, M. J. & 
Donnelly, M. J., 2011. Cryptic diversity within the major trypanosomiasis vector 
Glossina fuscipes revealed by molecular markers. PLoS Neglected Tropical Diseases, 5 
(8): e1266. 

 
Vector Group, Liverpool School of Tropical Medicine, Liverpool, UK. 
[m.j.donnelly@liv.ac.uk]. 

 
The tsetse fly Glossina fuscipes s.l. is responsible for the transmission of approximately 90 

percent of cases of human African trypanosomiasis (HAT) or sleeping sickness. Three G. 

fuscipes subspecies have been described, primarily based upon subtle differences in the 
morphology of their genitalia. Here we describe a study conducted across the range of this 
important vector to determine whether molecular evidence generated from nuclear DNA 
(microsatellites and gene sequence information), mitochondrial DNA and symbiont DNA 
support the existence of these taxa as discrete taxonomic units. The nuclear ribosomal internal 
transcribed spacer 1 (ITS1) provided support for the three subspecies. However nuclear and 
mitochondrial sequence data did not support the monophyly of the morphological subspecies G. 

f. fuscipes or G. f. quanzensis. Instead, the most strongly supported monophyletic group was 
comprised of flies sampled from Ethiopia. Maternally inherited loci (mtDNA and symbiont) also 
suggested monophyly of a group from Lake Victoria basin and Tanzania, but this group was not 
supported by nuclear loci, suggesting different histories of these markers. Microsatellite data 
confirmed strong structuring across the range of G. fuscipes s.l., and were useful for deriving the 
interrelationship of closely related populations. We propose that morphological classification 
alone is not used to classify populations of G. fuscipes for control purposes. The Ethiopian 
population, which is scheduled to be the target of a sterile insect release (SIT) programme, was 
notably discrete. From a programmatic perspective this may be both positive, given that it may 
reflect limited migration into the area, or negative if the high levels of differentiation are also 
reflected in reproductive isolation between this population and the flies to be used in the release 
programme. 

 
15812. Hood-Nowotny, R., Watzka, M., Mayr, L., Mekonnen, S., Kapitano, B. & Parker, 

A., 2011. Intrinsic and synthetic stable isotope marking of tsetse flies. Journal of Insect 

Science, 11: 79. 
 

Insect Pest Control Laboratory, Joint FAO/IAEA Division of Nuclear Techniques in 
Food and Agriculture, International Atomic Energy Agency, Vienna, Austria. 
[rebecca.clare.hood-nowotny@univie.ac.at]. 

 
The sterile insect technique has been successfully used to eliminate tsetse populations in a 
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number of programmes. Programme monitoring in the field relies on the ability to accurately 
differentiate released sterile insects from wild insects so that estimates can be made of the ratio 
of sterile males to wild males. Typically, released flies are marked with a dye, which is not 
always reliable. The difference in isotopic signatures between wild and factory-reared 
populations could be a reliable and intrinsic secondary marker to complement existing marking 
methods. Isotopic signatures are natural differences in stable isotope composition of organisms 
due to discrimination against the heavier isotopes during some biological processes. As the 
isotopic signature of an organism is mainly dependent on what it eats, by feeding factory-reared 
flies isotopically different diets to those of the wild population it is possible to intrinsically mark 
the flies. To test this approach unlabelled samples of Glossina pallidipes (Austen) (Diptera: 
Glossinidae) from a mass rearing facility and wild populations were analysed to determine 
whether there were any natural differences in signatures that could be used as markers. In 
addition, experiments were conducted in which the blood diet was supplemented with 
isotopically enriched compounds and the persistence of the marker in the offspring determined. 
There were distinct natural isotopic differences between factory reared and wild tsetse 
populations that could be reliably used as population markers. It was also possible to rear 
artificially isotopically labelled flies using simple technology and these flies were clearly 
distinguishable from wild populations with greater than 95 percent certainty after 85 days of 
"release". These techniques could be readily adopted for use in SIT programmes as 
complementary marking techniques. 

 
15813. Kariithi, H. M., Ince, I. A., Boeren, S., Abd-Alla, A. M., Parker, A. G., Aksoy, S., 

Vlak, J. M. & Oers, M. M., 2011. The salivary secretome of the tsetse fly Glossina 

pallidipes (Diptera: Glossinidae) infected by salivary gland hypertrophy virus. PLoS 

Neglected Tropical Diseases, 5 (11): e1371. 
 

Laboratory of Virology, Wageningen University, Wageningen, The Netherlands. 
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The competence of the tsetse fly Glossina pallidipes (Diptera; Glossinidae) to acquire 

salivary gland hypertrophy virus (SGHV), to support virus replication and successfully transmit 
the virus depends on complex interactions between Glossina and SGHV macromolecules. 
Critical requisites to SGHV transmission are its replication and secretion of mature virions into 
the fly's salivary gland (SG) lumen. However, secretion of host proteins is of equal importance 
for successful transmission and requires cataloguing of G. pallidipes secretome proteins from 
hypertrophied and non-hypertrophied SGs. After electrophoretic profiling and in-gel trypsin 
digestion, saliva proteins were analysed by nano-LC-MS/MS. MaxQuant/Andromeda search of 
the MS data against the non-redundant (nr) GenBank database and a G. morsitans morsitans SG 
EST database, yielded a total of 521 hits, 31 of which were SGHV-encoded. On a false discovery 
rate limit of 1 percent and detection threshold of least two unique peptides per protein, the 
analysis resulted in 292 Glossina and 25 SGHV MS-supported proteins. When annotated by the 
Blast2GO suite, at least one gene ontology (GO) term could be assigned to 89.9 percent 
(285/317) of the detected proteins. Five (approximately 1.8 percent) Glossina and three 
(approximately 12 percent) SGHV proteins remained without a predicted function after blast 
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searches against the nr database. Sixty-five of the 292 detected Glossina proteins contained an 
N-terminal signal/secretion peptide sequence. Eight of the SGHV proteins were predicted to be 
non-structural (NS), and fourteen are known structural (VP) proteins. In conclusion, SGHV 
alters the protein expression pattern in Glossina. The G. pallidipes SG secretome encompasses a 
spectrum of proteins that may be required during the SGHV infection cycle. These detected 
proteins have putative interactions with at least 21 of the 25 SGHV-encoded proteins. Our 
findings open venues for developing novel SGHV mitigation strategies to block SGHV 
infections in tsetse production facilities such as using SGHV-specific antibodies and phage 
display-selected gut epithelia-binding peptides. 

 
15814. Kleynhans, E. & Terblanche, J. S., 2011. Complex interactions between temperature 

and relative humidity on water balance of adult tsetse (Glossinidae, Diptera): 
implications for climate change. Frontiers in Invertebrate Physiology, 2: 74. 

 
Department of Conservation Ecology and Entomology, Stellenbosch University 
Stellenbosch, Republic of South Africa. [jst@sun.ac.za]. 

 
Insect water balance plays an important role in determining energy budgets, activity 

patterns, survival, and population dynamics and, hence, geographic distribution. Tsetse flies 
(Glossina spp.) are important vectors of human and animal disease occupying a wide range of 
habitats in Africa and are notable for their desiccation resistance in xeric environments. Here, we 
measure water balance and related traits [water loss rate (WLR), body water content (BWC), 
body lipid content (BLC) and body mass] in adult flies across a range of temperature (20-30 0C) 
and relative humidity (0-99 percent) combinations in four tsetse species from both xeric and 
mesic habitats. WLRs were significantly affected by measurement under different temperature 
and relative humidity combinations, while BWC, BLC, and body mass were less affected. These 
results provide support for mass-independent inter- and intra-specific variation in WLRs and 
survival times. Furthermore, water balance responses to variation in temperature and relative 
humidity are complex in Glossina, and this response varies within and among species, 
subgroups, and ecotypes in terms of both magnitude of effects and the direction of change. 
Different effects of temperature and relative humidity within and among experimental conditions 
and species suggests cuticular permeability and saturation deficit are likely to be key factors in 
forecasting tsetse water balance responses to climate variability. This complicates potential 
forecasting of tsetse distribution in the face of climate change. 

 
15815. Pontes, M. H., Smith, K. L., De Vooght, L., Van Den Abbeele, J. & Dale, C., 2011. 

Attenuation of the sensing capabilities of PhoQ in transition to obligate insect-bacterial 
association. PLoS Genetics, 7 (11): e1002349. 

 
Department of Biology, University of Utah, Salt Lake City, Utah, USA. 
[colin.dale@utah.edu]. 
 

Sodalis glossinidius, a maternally inherited endosymbiont of the tsetse fly, maintains genes 
encoding homologues of the PhoP-PhoQ two-component regulatory system. This two-
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component system has been extensively studied in facultative bacterial pathogens and is known 
to serve as an environmental magnesium sensor and a regulator of key virulence determinants. In 
the current study, we show that the inactivation of the response regulator, phoP, renders S. 
glossinidius sensitive to insect-derived cationic antimicrobial peptides (AMPs). The resulting 
mutant strain displays reduced expression of genes involved in the structural modification of 
lipid A that facilitates resistance to AMPs. In addition, the inactivation of phoP alters the 
expression of type-III secretion system (TTSS) genes encoded within three distinct chromosomal 
regions, indicating that PhoP-PhoQ also serves as a master regulator of TTSS gene expression. In 
the absence of phoP, S. glossinidius is unable to superinfect either its natural tsetse fly host or a 
closely related hippoboscid louse fly. Furthermore, we show that the S. glossinidius PhoQ sensor 
kinase has undergone functional adaptations that result in a substantially diminished ability to 
sense ancestral signals. The loss of PhoQ's sensory capability is predicted to represent a novel 
adaptation to the static symbiotic lifestyle, allowing S. glossinidius to constitutively express 
genes that facilitate resistance to host derived AMPs. 
 
15816. Walshe, D. P., Lehane, M. J. & Haines, L. R., 2011. Post eclosion age predicts the 

prevalence of midgut trypanosome infections in Glossina. PLoS One, 6 (11): e26984. 
 

Vector Group, Liverpool School of Tropical Medicine, Liverpool, UK. 
[m.j.lehane@liv.ac.uk]. 

 
The teneral phenomenon, as observed in Glossina sp., refers to the increased susceptibility 

of the fly to trypanosome infection when the first bloodmeal taken is trypanosome-infected. In 
recent years, the term teneral has gradually become synonymous with unfed, and thus fails to 
consider the age of the newly emerged fly at the time the first bloodmeal is taken. Furthermore, 
conflicting evidence exists of the effect of the age of the teneral fly post eclosion when it is given 
the infected first bloodmeal in determining the infection prevalence. This study demonstrates that 
it is not the feeding history of the fly but rather the age (hours after eclosion of the fly from the 
puparium) of the fly when it takes the first (infective) bloodmeal that determines the level of fly 
susceptibility to trypanosome infection. We examine this phenomenon in male and female flies 
from two distinct tsetse clades (Glossina morsitans morsitans and Glossina palpalis palpalis) 
infected with two salivarian trypanosome species, Trypanosoma (Trypanozoon) brucei brucei 
and Trypanosoma (Nannomonas) congolense using Fisher's exact test to examine differences in 
infection rates. Teneral tsetse aged less than 24 hours post-eclosion (h.p.e.) are twice as 
susceptible to trypanosome infection as flies aged 48 h.p.e. This trend is conserved across sexes, 
vector clade and parasite species. The life cycle stage of the parasite fed to the fly (mammalian 
versus insect form trypanosomes) does not alter this age-related bias in infection. Reducing the 
numbers of parasites fed to 48 h.p.e., but not to 24 h.p.e. flies, increases teneral refractoriness. 
The importance of this phenomenon in disease biology in the field as well as the necessity of 
employing flies of consistent age in laboratory-based infection studies is discussed. 

 
15817. Weiss, B. & Aksoy, S., 2011. Microbiome influences on insect host vector competence. 

Trends in Parasitology, 27 (11): 514-522. 
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Department of Epidemiology and Public Health, Yale School of Public Health, New 
Haven, CT 06520, USA. [serap.aksoy@yale.edu]. 
 

Insect symbioses lack the complexity and diversity of those associated with higher 
eukaryotic hosts. Symbiotic microbiomes are beneficial to their insect hosts in many ways, 
including dietary supplementation, tolerance to environmental perturbations and maintenance 
and/or enhancement of host immune system homeostasis. Recent studies have also highlighted 
the importance of the microbiome in the context of host pathogen transmission processes. Here 
we provide an overview of the relationship between insect disease vectors such as tsetse flies and 
mosquitoes and their associated microbiome. Several mechanisms are discussed through which 
symbiotic microbes can influence the ability of their host to transmit pathogens, as well as 
potential disease control strategies that harness symbiotic microbes to reduce pathogen 
transmission through an insect vector. 

 
(c) DISTRIBUTION, ECOLOGY, BEHAVIOUR, POPULATION STUDIES 

 

15818. Bonomi, A., Bassetti, F., Gabrieli, P., Beadell, J., Falchetto, M., Scolari, F., 
Gomulski, L. M., Regazzini, E., Ouma, J. O., Caccone, A., Okedi, L. M., Attardo, G. 
M., Guglielmino, C. R., Aksoy, S. & Malacrida, A. R., 2011. Polyandry is a common 
event in wild populations of the tsetse fly Glossina fuscipes fuscipes and may impact 
population reduction measures. PLoS Neglected Tropical Diseases, 5 (6): e1190. 

 
Department of Animal Biology, University of Pavia, Pavia, Italy. [malacrid@unipv.it]. 

 
Glossina fuscipes fuscipes is the main vector of human and animal trypanosomiasis in 

Africa, particularly in Uganda. Attempts to control/eradicate this species using biological 
methods require knowledge of its reproductive biology. An important aspect is the number of 
times a female mates in the wild as this influences the effective population size and may 
constitute a critical factor in determining the success of control methods. To date, polyandry in 
G. f. fuscipes has not been investigated in the laboratory or in the wild. Interest in assessing the 
presence of remating in Ugandan populations is driven by the fact that eradication of this species 
is at the planning stage in this country. Two well established populations, Kabukanga in the West 
and Buvuma Island in Lake Victoria, were sampled to assess the presence and frequency of 
female remating. Six informative microsatellite loci were used to estimate the number of matings 
per female by genotyping sperm preserved in the female spermathecae. The direct count of the 
minimum number of males that transferred sperm to the spermathecae was compared to 
Maximum Likelihood and Bayesian probability estimates. The three estimates provided evidence 
that remating is common in the populations but the frequency is substantially different: 57 
percent in Kabukanga and 33 percent in Buvuma. The presence of remating, with females 
maintaining sperm from different mates, may constitute a critical factor in cases of re-infestation 
of cleared areas and/or of residual populations. Remating may enhance the reproductive potential 
of re-invading propagules in terms of their effective population size. We suggest that population 
age structure may influence remating frequency. Considering the seasonal demographic changes 
that this fly undergoes during the dry and wet seasons, control programmes based on SIT should 
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release large numbers of sterile males, even in residual surviving target populations, in the dry 
season. 

 
15819. Farikou, O., Thevenon, S., Njiokou, F., Allal, F., Cuny, G. & Geiger, A., 2011. 

Genetic diversity and population structure of the secondary symbiont of tsetse flies, 
Sodalis glossinidius, in sleeping sickness foci in Cameroon. PLoS Neglected Tropical 

Diseases, 5 (8): e1281. 
 

UMR 177, IRD-CIRAD, CIRAD TA A-17/G, Campus International de Baillarguet, 
Montpellier, France. [anne.geiger@ird.fr]. 

 
Previous studies have shown substantial differences in Sodalis glossinidius and 

trypanosome infection rates between Glossina palpalis palpalis populations from two 
Cameroonian foci of human African trypanosomiasis (HAT), Bipindi and Campo. We 
hypothesized that the geographical isolation of the two foci may have induced independent 
evolution in the two areas, resulting in the diversification of symbiont genotypes. To test this 
hypothesis, we investigated the symbiont genetic structure using the allelic size variation at four 
specific microsatellite loci. Classical analysis of molecular variance (AMOVA) and 
differentiation statistics revealed that most of the genetic diversity was observed among 
individuals within populations and frequent haplotypes were shared between populations. The 
structure of genetic diversity varied at different geographical scales, with almost no 
differentiation within the Campo HAT focus and a low but significant differentiation between 
the Campo and Bipindi HAT foci. The data provide new information on the genetic diversity of 
the secondary symbiont population revealing mild structuring. Possible interactions between S. 
glossinidius subpopulations and Glossina species that could favour tsetse fly infections by a 
given trypanosome species should be further investigated. 

 
15820. Kone, N., Bouyer, J., Ravel, S., Vreysen, M. J., Domagni, K. T., Causse, S., Solano, 

P. & de Meeus, T., 2011. Contrasting population structures of two vectors of African 
trypanosomoses in Burkina Faso: consequences for control. PLoS Neglected Tropical 

Diseases, 5 (6): e1217. 
 

Unité de Formation et de Recherche Biosciences, University of Abidjan, Abidjan, Ivory 
Coast. [bouyer@cirad.fr]. 

 
African animal trypanosomosis is a major obstacle to the development of more efficient 

and sustainable livestock production systems in West Africa. Riverine tsetse species such as 
Glossina palpalis gambiensis Vanderplank and Glossina tachinoides Westwood are the major 
vectors. A wide variety of control tactics is available to manage these vectors, but their removal 
will in most cases only be sustainable if the control effort is targeting an entire tsetse population 
within a circumscribed area. In the present study, genetic variation at microsatellite DNA loci 
was used to examine the population structure of G. p. gambiensis and G. tachinoides inhabiting 
four adjacent river basins in Burkina Faso, i.e. the Mouhoun, the Comoe, the Niger and the 
Sissili river basins. Isolation by distance was significant for both species across river basins, and 
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dispersal of G. tachinoides was approximately three times higher than that of G. p. gambiensis. 
Thus, the data presented indicate that no strong barriers to gene flow exist between riverine tsetse 
populations in adjacent river basins, especially so for G. tachinoides. Therefore, potential re-
invasion of flies from adjacent river basins will have to be prevented by establishing buffer zones 
between the Mouhoun and the other river basin(s), in the framework of the PATTEC (Pan 
African Tsetse and Trypanosomosis Eradication Campaign) eradication project that is presently 
targeting the northern part of the Mouhoun river basin. We argue that these genetic analyses 
should always be part of the baseline data collection before any tsetse control project is initiated. 

 
15821. Lietze, V. U., Abd-Alla, A. M. & Boucias, D. G., 2011. Two hytrosaviruses, MdSGHV 

and GpSGHV, induce distinct cytopathologies in their respective host insects. Journal of 

Invertebrate Pathology, 107 (2): 161-163. 
 

University of Florida, Entomology and Nematology Department, Gainesville, FL 32611, 
USA. [vlietze@ufl.edu]. 

 
Recently, a new virus family (Hytrosaviridae) was proposed for double-stranded DNA 

viruses that cause salivary gland hypertrophy in their dipteran hosts. The two type species, 
MdSGHV and GpSGHV, induce similar gross pathology and share several morphological, 
biological, and molecular characteristics. This histological study revealed profound differences 
in the cytopathology of these viruses supporting their previously proposed placement in different 
genera. 

 
15822. Melachio, T. T., Simo, G., Ravel, S., De Meeus, T., Causse, S., Solano, P., Lutumba, 

P., Asonganyi, T. & Njiokou, F., 2011. Population genetics of Glossina palpalis 

palpalis from central African sleeping sickness foci. Parasites & Vectors, 4: 140. 
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BP 812, Yaoundé, Cameroon. [njiokouf@yahoo.com]. 
 

Glossina palpalis palpalis (Diptera: Glossinidae) is widespread in West Africa, and is the 
main vector of sleeping sickness in Cameroon as well as in the Bas Congo Province of the 
Democratic Republic of Congo. However, little is known about the structure of its populations. 
We investigated G. p. palpalis population genetic structure in five sleeping sickness foci (four in 
Cameroon, one in Democratic Republic of Congo) using eight microsatellite DNA markers. A 
strong isolation by distance explains most of the population structure observed in our sampling 
sites of Cameroon and DRC. The populations here are composed of panmictic subpopulations 
occupying fairly wide zones with a very strong isolation by distance. Effective population sizes 
are probably between 20 and 300 individuals and if we assume densities between 120 and 2 000 
individuals per km2, dispersal distance between reproducing adults and their parents extends 
between 60 and 300 meters. This first investigation of population genetic structure of G. p. 

palpalis in Central Africa has evidenced random mating subpopulations over fairly large areas 
and is thus at variance with that found in West African populations of G. p. palpalis. This study 
brings new information on the isolation by distance at a macrogeographic scale which in turn 
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brings useful information on how to organise regional tsetse control. Future investigations should 
be directed at temporal sampling to have more accurate measures of demographic parameters in 
order to help vector control decision-making. 

 
15823. Ouma, J. O., Beadell, J. S., Hyseni, C., Okedi, L. M., Krafsur, E. S., Aksoy, S. & 

Caccone, A., 2011. Genetic diversity and population structure of Glossina pallidipes in 
Uganda and western Kenya. Parasites & Vectors, 4: 122. 
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Glossina pallidipes has been implicated in the spread of sleeping sickness from 

southeastern Uganda into Kenya. Recent studies indicated resurgence of G. pallidipes in 
Lambwe Valley and southeastern Uganda after what were deemed to be effective control efforts. 
It is unknown whether the G. pallidipes belt in southeastern Uganda extends into western Kenya. 
We investigated the genetic diversity and population structure of G. pallidipes in Uganda and 
western Kenya. AMOVA indicated that differences among sampling sites explained a significant 
proportion of the genetic variation. Principal component analysis and Bayesian assignment of 
microsatellite genotypes identified three distinct clusters: western Uganda, southeastern 
Uganda/Lambwe Valley, and Nguruman in central-southern Kenya. Analyses of mtDNA 
confirmed the results of microsatellite analysis, except in western Uganda, where Kabunkanga 
and Murchison Falls populations exhibited haplotypes that differed despite homogeneous 
microsatellite signatures. To better understand possible causes of the contrast between 
mitochondrial and nuclear markers we tested for sex-biased dispersal. Mean pairwise relatedness 
was significantly higher in females than in males within populations, while mean genetic 
distance was lower and relatedness higher in males than females in between-population 
comparisons. Two populations sampled on the Kenya/Uganda border exhibited the lowest levels 
of genetic diversity. Microsatellite alleles and mtDNA haplotypes in these two populations were 
a subset of those found in neighbouring Lambwe Valley, suggesting that Lambwe was the source 
population for flies in southeastern Uganda. The relatively high genetic diversity of G. pallidipes 
in Lambwe Valley suggests large relict populations remained even after repeated control efforts. 
Our research demonstrated that G. pallidipes populations in Kenya and Uganda do not form a 
contiguous tsetse belt. While Lambwe Valley appears to be a source population for flies 
colonizing southeastern Uganda, this dispersal does not extend to western Uganda. The 
complicated phylogeography of G. pallidipes warrants further efforts to distinguish the role of 
historical and modern gene flow and possible sex-biased dispersal in structuring populations. 

 
15824. Symula, R. E., Marpuri, I., Bjornson, R. D., Okedi, L., Beadell, J., Alam, U., Aksoy, 

S. & Caccone, A., 2011. Influence of host phylogeographic patterns and incomplete 
lineage sorting on within-species genetic variability in Wigglesworthia species, obligate 
symbionts of tsetse flies. Applied & Environmental Microbiology, 77 (23): 8400-8408. 
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Vertical transmission of obligate symbionts generates a predictable evolutionary history of 

symbionts that reflects that of their hosts. In insects, evolutionary associations between 
symbionts and their hosts have been investigated primarily among species, leaving population-
level processes largely unknown. In this study, we investigated the tsetse (Diptera: Glossinidae) 
bacterial symbiont, Wigglesworthia glossinidia, to determine whether observed codiversification 
of symbiont and tsetse host species extends to a single host species (Glossina fuscipes fuscipes) 
in Uganda. To explore symbiont genetic variation in G. f. fuscipes populations, we screened two 
variable loci (lon and lepA) from the Wigglesworthia glossinidia bacterium in the host species 
Glossina fuscipes fuscipes (W. g. fuscipes) and examined phylogeographic and demographic 
characteristics in multiple host populations. Symbiont genetic variation was apparent within and 
among populations. We identified two distinct symbiont lineages in northern and southern 
Uganda. Incongruence length difference (ILD) tests indicated that the two lineages corresponded 
exactly to northern and southern G. f. fuscipes mitochondrial DNA (mtDNA) haplogroups (p = 
1.0). Analysis of molecular variance (AMOVA) confirmed that most variation was partitioned 
between the northern and southern lineages defined by host mtDNA (85.44 percent). However, 
ILD tests rejected finer-scale congruence within the northern and southern populations (p = 
0.009). This incongruence was potentially due to incomplete lineage sorting that resulted in 
novel combinations of symbiont genetic variants and host background. Identifying these novel 
combinations may have public health significance, since tsetse is the sole vector of sleeping 
sickness and Wigglesworthia is known to influence host vector competence. Thus, understanding 
the adaptive value of these host-symbiont combinations may afford opportunities to develop 
vector control methods. 

 
3. TSETSE CONTROL (INCLUDING ENVIRONMENTAL SIDE EFFECTS) 

 
[See also 34: 15807, 15812, 15818, 15819, 15820]. 

 
 

15825. Abd-Alla, A. M., Parker, A. G., Vreysen, M. J. & Bergoin, M., 2011. Tsetse salivary 
gland hypertrophy virus: hope or hindrance for tsetse control? PLoS Neglected Tropical 

Diseases, 5 (8): e1220. 
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Many species of tsetse flies (Diptera: Glossinidae) are infected with a virus that causes 
salivary gland hypertrophy (SGH), and flies with SGH symptoms have a reduced fecundity and 
fertility. The prevalence of SGH in wild tsetse populations is usually very low (0.2 percent-5 
percent), but higher prevalence rates (15.2 percent) have been observed occasionally. The 
successful eradication of a Glossina austeni population from Unguja Island (Zanzibar) using an 
area-wide integrated pest management approach with a sterile insect technique (SIT) component 
(1994-1997) encouraged several African countries, including Ethiopia, to incorporate the SIT in 
their national tsetse control programmes. A large facility to produce tsetse flies for SIT 
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application in Ethiopia was inaugurated in 2007. To support this project, a Glossina pallidipes 
colony originating from Ethiopia was successfully established in 1996, but later up to 85 percent 
of adult flies displayed symptoms of SGH. As a result, the colony declined and became extinct 
by 2002. The difficulties experienced with the rearing of G. pallidipes, epitomized by the 
collapse of the G. pallidipes colony originating from Ethiopia, prompted the urgent need to 
develop management strategies for the salivary gland hypertrophy virus (SGHV) for this species. 
As a first step to identify suitable management strategies, the virus isolated from G. pallidipes 
(GpSGHV) was recently sequenced and research was initiated on virus transmission and 
pathology. Different approaches to prevent virus replication and its horizontal transmission 
during blood feeding have been proposed. These include the use of antiviral drugs such as 
acyclovir and valacyclovir added to the blood for feeding or the use of antibodies against SGHV 
virion proteins. In addition, preliminary attempts to silence the expression of an essential viral 
protein using RNA interference are discussed. 

 
15826. Alam, U., Medlock, J., Brelsfoard, C., Pais, R., Lohs, C., Balmand, S., Carnogursky, 

J., Heddi, A., Takac, P., Galvani, A. & Aksoy, S., 2011. Wolbachia symbiont 
infections induce strong cytoplasmic incompatibility in the tsetse fly Glossina morsitans. 
PLoS Pathogens, 7 (12): e1002415. 
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Tsetse flies are vectors of the protozoan parasite African trypanosomes, which cause 

sleeping sickness disease in humans and nagana in livestock. Although there are no effective 
vaccines and efficacious drugs against this parasite, vector reduction methods have been 
successful in curbing the disease, especially for nagana. A potential vector control method that 
does not involve use of chemicals is a genetic modification approach where flies engineered to 
be parasite resistant are allowed to replace their susceptible natural counterparts, and the sterile 
insect technique (SIT) where males sterilized by chemical means are released to suppress female 
fecundity. The success of genetic modification approaches requires identification of strong drive 
systems to spread the desirable traits and the efficacy of SIT can be enhanced by identification of 
natural mating incompatibility. One such drive mechanism results from the cytoplasmic 
incompatibility (CI) phenomenon induced by the symbiont Wolbachia. CI can also be used to 
induce natural mating incompatibility between release males and natural populations. Although 
Wolbachia infections have been reported in tsetse, it has been a challenge to understand their 
functional biology as attempts to cure tsetse of Wolbachia infections by antibiotic treatment 
damages the obligate mutualistic symbiont (Wigglesworthia), without which the flies are sterile. 
Here, we developed aposymbiotic (symbiont-free) and fertile tsetse lines by dietary provisioning 
of tetracycline supplemented blood meals with yeast extract, which rescues Wigglesworthia-
induced sterility. Our results reveal that Wolbachia infections confer strong CI during 
embryogenesis in Wolbachia-free (Gmm(Apo)) females when mated with Wolbachia-infected 
(Gmm(Wt)) males. These results are the first demonstration of the biological significance of 
Wolbachia infections in tsetse. Furthermore, when incorporated into a mathematical model, our 
results confirm that Wolbachia can be used successfully as a gene driver. This lays the 
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foundation for new disease control methods including a population replacement approach with 
parasite resistant flies. Alternatively, the availability of males that are reproductively 
incompatible with natural populations can enhance the efficacy of the on-going sterile insect 
technique (SIT) applications by eliminating the need for chemical irradiation. 
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An outbreak of tsetse-transmitted trypanosomiasis resulted in more than 50 percent losses 
of domestic pigs in the eastern region of Ghana (source: Veterinary Services, Accra; April 2007). 
In a control trial from May 4-October 10 2007, the efficacy of insecticide-treated mosquito 
fences to control tsetse was assessed. Two villages were selected-one serving as control with 14 
pigsties and one experimental village where 24 pigsties were protected with insecticide treated 
mosquito fences. The 100 cm high, 150 denier polyester fences with 100 mg/m2 deltamethrin and 
a UV protector were attached to surrounding timber poles and planks. Bi-monthly monitoring of 
tsetse densities with 10 geo-referenced bi-conical traps per village showed a reduction of more 
than 90 percent in the protected village within two months. Further reductions exceeding 95 
percent were recorded during subsequent months. The tsetse population in the control village 
was not affected, only displaying seasonal variations. Fifty pigs from each village were ear-
tagged and given a single curative treatment with diminazene aceturate (3.5 mg/kg bw) after 
their blood samples had been taken. The initial trypanosome prevalence amounted to 76 percent 
and 72 percent of protected and control animals, respectively, and decreased to 16 percent in 
protected as opposed to 84 percent in control pigs three months after intervention. After six 
months 8 percent of the protected pigs were infected contrasting with 60 percent in the control 
group. 
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e1276. 
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Restricted application of insecticides to cattle is a cheap and safe farmer-based method to 

control tsetse. In West Africa, it is applied using a footbath, mainly to control nagana and the tick 
Amblyomma variegatum. In Eastern and Southern Africa, it might help controlling the human 
disease, i.e. Rhodesian sleeping sickness as well. The efficiency of this new control method 
against ticks, tsetse and trypanosomoses has been demonstrated earlier. The invention, co-built 
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by researchers and farmers ten years ago, became an innovation in Burkina Faso through its 
diffusion by two development projects. In this research, we studied the process and level of 
adoption by 72 farmers inhabiting the peri-urban areas of Ouagadougou and Bobo-Dioulasso. 
Variables describing the livestock farming system, the implementation and perception of the 
method and the knowledge of the epidemiological system were used to discriminate three 
clusters of cattle farmers that were then compared using indicators of adoption. The first cluster 
corresponded to modern farmers who adopted the technique very well. The more traditional 
farmers were discriminated into two clusters, one of which showed a good adoption rate, 
whereas the second failed to adopt the method. The economic benefit and the farmers' 
knowledge of the epidemiological system appeared to have a low impact on the early adoption 
process whereas some modern practices, as well as social factors appeared critical. The quality of 
technical support provided to the farmers had also a great influence. Cattle farmers' innovation-
risk appraisal was analysed using Rogers' adoption criteria which highlighted individual 
variations in risk perceptions and benefits, as well as the prominent role of the socio-technical 
network of cattle farmers. Results are discussed to highlight the factors that should be taken into 
consideration to move discoveries from bench to field for an improved control of 
trypanosomoses vectors. 
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trypanosomiasis. PLoS Neglected Tropical Diseases, 5 (8): e1257. 
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Control of the riverine (palpalis) group of tsetse flies is normally achieved with stationary 
artificial devices such as traps or insecticide-treated targets. The efficiency of biconical traps (the 
standard control device), 1x1 m black targets and small 25x25 cm targets with flanking nets was 
compared using electrocuting sampling methods. The work was done on Glossina tachinoides 

and G. palpalis gambiensis (Burkina Faso), G. fuscipes quanzensis (Democratic Republic of 
Congo), G. f. martinii (Tanzania) and G. f. fuscipes (Kenya). The killing effectiveness (measured 
as the catch per m2 of cloth) for small targets plus flanking nets was 5.5-15 fold greater than for 1 
m2 targets and 8.6-37.5 times greater than for biconical traps. This has important implications for 
the costs of control of the riverine group of tsetse vectors of sleeping sickness. 

 
15830. Esterhuizen, J., Njiru, B., Vale, G. A., Lehane, M. J. & Torr, S. J., 2011. Vegetation 

and the importance of insecticide-treated target siting for control of Glossina fuscipes 

fuscipes. PLoS Neglected Tropical Diseases, 5 (9): e1336. 
 

Vector Group, Liverpool School of Tropical Medicine, Liverpool, UK. 
[m.j.lehane@liv.ac.uk]. 

 
Control of tsetse flies using insecticide-treated targets is often hampered by vegetation re-
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growth and encroachment which obscures a target and renders it less effective. Potentially this is 
of particular concern for the newly developed small targets (0.25 high x 0.5 m wide) which show 
promise for cost-efficient control of palpalis group tsetse flies. Consequently the performance of 
a small target was investigated for Glossina fuscipes fuscipes in Kenya, when the target was 
obscured following the placement of vegetation to simulate various degrees of natural bush 
encroachment. Catches decreased significantly only when the target was obscured by more than 
80 percent. Even if a small target is underneath a very low overhanging bush (0.5 m above 
ground), the numbers of G. f. fuscipes decreased by only about 30 percent compared to a target in 
the open. We show that the efficiency of the small targets, even in small (1 m diameter) 
clearings, is largely uncompromised by vegetation re-growth because G. f. fuscipes readily enter 
between and under vegetation. The essential characteristic is that there should be some openings 
between vegetation. This implies that for this important vector of HAT, and possibly other 
palpalis group flies, a smaller initial clearance zone around targets can be made and longer 
interval between site maintenance visits is possible both of which will result in cost savings for 
large scale operations. We also investigated and discuss other site features e.g. large solid objects 
and position in relation to the water's edge in terms of the efficacy of the small targets. 

 
15831. Laveissiere, C., Camara, M., Rayaisse, J. B., Salou, E., Kagbadouno, M. & Solano, 

P., 2011. Trapping tsetse flies on water. Parasite, 18 (2): 141-144. 
 

380, route de la Virvée, 33240 Saint-Romain-la-Virvée, France. 
 
Riverine tsetse flies such as Glossina palpalis gambiensis and G. tachinoides are the 

vectors of human and animal trypanosomoses in West Africa. Despite intimate links between 
tsetse and water, to our knowledge there has never been any attempt to design trapping devices 
that would catch tsetse on water. In mangrove (Guinea) one challenging issue is the tide, because 
height above the ground for a trap is a key factor affecting tsetse catches. The trap was mounted 
on the remains of an old wooden dugout, and attached with rope to nearby branches, thereby 
allowing it to rise and fall with the tide. Catches showed a very high density of 93.9 flies/"water-
trap"/day, which was significantly higher (p < 0.05) than all the catches from other habitats 
where the classical trap had been used. In savannah, on the Comoe river of South Burkina Faso, 
the biconical trap was mounted on a small wooden raft anchored to a stone, and catches were 
compared with the classical biconical trap put on the shores. G. p. gambiensis and G. tachinoides 
densities were not significantly different from those from the classical biconical one. The 
adaptations described here have enabled efficient catching of tsetse on the water, which to our 
knowledge is reported here for the first time. This represents great progress and opens new 
opportunities to undertake studies on the vectors of trypanosomoses in mangrove areas of Guinea 
which are currently the areas showing the highest prevalences of sleeping sickness in West 
Africa. It also has huge potential for tsetse control using insecticide impregnated traps in 
savannah areas where traps become less efficient in the rainy season. The Guinean national 
control programme has already expressed its willingness to use such modified traps in its control 
campaigns during rainy season in Guinea, as has the national PATTEC programme in Burkina 
Faso. 
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15832. Magona, J. W. & Walubengo, J., 2011. Mass-treatment and insecticide-spraying of 
animal reservoirs for emergency control of rhodesiense sleeping sickness in Uganda. 
Journal of Vector Borne Diseases, 48 (2): 105-108. 

 
National Livestock Resources Research Institute, Tororo, Uganda. 
[magona.joseph@gmail.com]. 
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15833. Malele, II, Magwisha, H. B., Nyingilili, H. S., Mamiro, K. A., Rukambile, E. J., 
Daffa, J. W., Lyaruu, E. A., Kapange, L. A., Kasilagila, G. K., Lwitiko, N. K., 
Msami, H. M. & Kimbita, E. N., 2011. Multiple Trypanosoma infections are common 
amongst Glossina species in the new farming areas of Rufiji district, Tanzania. Parasites 

& Vectors, 4: 217. 
 

Tsetse & Trypanosomiasis Research Institute (TTRI), Box 1026 Tanga, Tanzania. 
[malele2i@yahoo.com] 

 
Tsetse flies and trypanosomiasis are among several factors that constrain livestock 

development in Tanzania. Over the years Rufiji district was excluded from livestock production 
owing to tsetse fly infestation; however, a few years ago there was an influx of livestock 
following evictions aimed at conserving the Usangu wetlands. A study was conducted to 
determine the efficiency of available traps for catching tsetse flies, Glossina species infesting the 
area, their infection rates and Trypanosoma species circulating in the area. Trapping was 
conducted during the semi dry season for a total of 30 days (ten days each month) during the 
onset of the dry season of May - July 2009. Flies harvested after every 24 hours were dissected 
and examined under a light microscope for trypanosome infections and whole fly DNA was 
extracted from 82 flies and analysed for trypanosomes by the polymerase chain reaction (PCR) 
using different sets of primers. The proportions of total tsetse catches per trap were in the 
following decreasing order S3 (33 percent), H-trap (27 percent), pyramidal (19 percent), sticky 
panel (11 percent) and biconical trap (10 percent). Of the 1 200 trapped flies, 75.6 percent were 
identified as Glossina pallidipes, 11.7 percent as G. brevipalpis, 9.6 percent as G. austeni and 3.0 

percent G. morsitans morsitans. Dissections revealed the overall infection rate of 6.6 percent 
(13/197). Whole DNA was extracted from 82 tsetse flies and the prevalence of trypanosomes 
circulating in the area in descending order was 92.7 percent (76/82) for T. simiae; 70.7 percent 
(58/82) for T. brucei types; 48.8 percent (40/82) for the T. vivax types and 32.9 percent (27/82) 
for the T. congolense types as determined by PCR. All trypanosome types were found in all 
tsetse species analysed except for the T. congolense types, which were absent in G. m. morsitans. 
None of the T. brucei positive samples contained human infective trypanosomes by the SRA - 
PCR test. It is concluded that all tsetse species found in Rufiji are biologically important in the 
transmission of animal trypanosomiasis and the absence of T. congolense in G. m. morsitans 
could be a matter of chance only. Therefore, plans for control should consider all tsetse species. 

 
15834. Mihok, S. & Lange, K., 2011. Synergism between ammonia and phenols for Hybomitra 
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tabanids in northern and temperate Canada. Medical & Veterinary Entomology. Article 
first published online, 12 December. 

 
Russell, ON, Canada Department of Civil and Environmental Engineering, Carleton 
University, Ottawa, ON, Canada. 

 
Baits for tabanids (Diptera: Tabanidae) were tested in the Northwest Territories (60 

degrees N) and Ontario (45 degrees N) using Nzi traps. Tests targeted ammonia, phenols/cow 
urine and octenol. About 200 000 tabanids were captured in 15 experiments with a maximum 
capture of 4 182 in one trap in 1 day. In the Northwest Territories, phenols, urine and octenol 
were effective single baits for only some species. At both locations, adding ammonia to an 
unbaited or an octenol-baited trap had no effect on catches. By contrast, catches were increased 
for several species when ammonia was combined with phenols or urine. In Ontario, including 
ammonia in various baits increased catches by 1.5- to 3.4-fold relative to octenol alone for three 
Hybomitra and one Tabanus species. Synergism between ammonia and phenols was clearly 
demonstrated for the dominant Hybomitra species in Ontario (Hybomitra lasiophthalma), but not 
for the dominant species in the Northwest Territories (Hybomitra epistates). In five other 
northern Hybomitra species, baits of ammonia and/or octenol in combination with phenols 
resulted in a 1.7- to 4.1-fold increase in catch relative to an unbaited trap. Further tests of 
ammonia as a synergist for biting flies may prove useful in, for example, tsetse, which respond 
strongly to phenols. 

 
15835. Rayaisse, J. B., Esterhuizen, J., Tirados, I., Kaba, D., Salou, E., Diarrassouba, A., 

Vale, G. A., Lehane, M. J., Torr, S. J. & Solano, P., 2011. Towards an optimal design 
of target for tsetse control: comparisons of novel targets for the control of palpalis group 
tsetse in West Africa. PLoS Neglected Tropical Diseases, 5 (9): e1332. 

 
Centre International de Recherche - Développement sur l'Elevage en Zone Subhumide 
(CIRDES), Bobo-Dioulasso, Burkina Faso. [m.j.lehane@liv.ac.uk]. 
 

Tsetse flies of the palpalis group are the main vectors of sleeping sickness in Africa. 
Insecticide impregnated targets are one of the most effective tools for control. However, the cost 
of these devices still represents a constraint to their wider use. The objective was therefore to 
improve the cost effectiveness of currently used devices. Experiments were performed on three 
tsetse species, namely Glossina palpalis gambiensis and G. tachinoides in Burkina Faso and G. 

p. palpalis in Côte d'Ivoire. The 1 x 1 m2 black-blue- black target commonly used in W. Africa 
was used as the standard, and effects of changes in target size, shape, and the use of netting 
instead of black cloth were measured. Regarding overall target shape, we observed that 
horizontal targets (i.e. wider than they were high) killed 1.6-5x more G. p. gambiensis and G. 

tachinoides than vertical ones (i.e. higher than they were wide) (p < 0.001). For the three tsetse 
species including G. p. palpalis, catches were highly correlated with the size of the target. 
However, beyond the size of 0.75 m, there was no increase in catches. Replacing the black cloth 
of the target by netting was the most cost efficient for all three species. In conclusion, reducing 
the size of the current 1x1 m black-blue-black target to horizontal designs of around 50 cm and 
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replacing black cloth by netting will improve cost effectiveness six-fold for both G. p. 

gambiensis and G. tachinoides. Studying the visual responses of tsetse to different designs of 
target has allowed us to design more cost-effective devices for the effective control of sleeping 
sickness and animal trypanosomiasis in Africa. 

 
15836. Tirados, I., Esterhuizen, J., Rayaisse, J. B., Diarrassouba, A., Kaba, D., Mpiana, S., 

Vale, G. A., Solano, P., Lehane, M. J. & Torr, S. J., 2011. How do tsetse recognise 
their hosts? The role of shape in the responses of tsetse (Glossina fuscipes and G. 

palpalis) to artificial hosts. PLoS Neglected Tropical Diseases, 5 (8): e1226. 
 

Natural Resource Institute, University of Greenwich, Chatham, Kent, UK. 
[m.j.lehane@liv.ac.uk]. 

 
Palpalis-group tsetse, particularly the subspecies of Glossina palpalis and G. fuscipes, are 

the most important transmitters of human African trypanomiasis (HAT), transmitting >95 
percent of cases. Traps and insecticide-treated targets are used to control tsetse but more cost-
effective baits might be developed through a better understanding of the fly's host-seeking 
behaviour. Electrocuting grids were used to assess the numbers of G. palpalis palpalis and G. 

fuscipes quanzensis attracted to and landing on square or oblong targets of black cloth varying in 
size from 0.01 m2 to 1.0 m2. For both species, increasing the size of a square target from 0.01 m2 
(dimensions=0.1 x 0.1 m) to 1.0 m2 (1.0 x 1.0 m) increased the catch ~4x however the numbers 
of tsetse killed per unit area of target declined with target size suggesting that the most cost 
efficient targets are not the largest. For G. f. quanzensis, horizontal oblongs, (1 m wide x 0.5 m 
high) caught ~1.8x more tsetse than vertical ones (0.5 m wide x 1.0 m high) but the opposite 
applied for G. p. palpalis. Shape preference was consistent over the range of target sizes. For G. 

p. palpalis square targets caught as many tsetse as the oblong; while the evidence is less strong 
the same appears to apply to G. f. quanzensis. The results suggest that targets used to control G. 

p. palpalis and G. f. quanzensis should be square, and that the most cost-effective designs, as 
judged by the numbers of tsetse caught per area of target, are likely to be in the region of 0.25 x 
0.25 m2. The preference of G. p. palpalis for vertical oblongs is unique amongst tsetse species, 
and it is suggested that this response might be related to its anthropophagic behaviour and hence 
importance as a vector of HAT. 

 
15837. Torr, S. J. & Vale, G. A., 2011. Is the even distribution of insecticide-treated cattle 

essential for tsetse control? Modelling the impact of baits in heterogeneous 
environments. PLoS Neglected Tropical Diseases, 5 (10): e1360. 

 
Natural Resources Institute, University of Greenwich, Chatham, Kent, UK. 
[s.torr@greenwich.ac.uk]. 
 

Eliminating Rhodesian sleeping sickness, the zoonotic form of human African 
trypanosomiasis, can be achieved only through interventions against the vectors i.e. species of 
tsetse (Glossina). The use of insecticide-treated cattle is the most cost-effective method of 
controlling tsetse but its impact might be compromised by the patchy distribution of livestock. A 
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deterministic simulation model was used to analyse the effects of spatial heterogeneities in 
habitat and baits (insecticide-treated cattle and targets) on the distribution and abundance of 
tsetse. The simulated area comprised an operational block extending 32 km from an area of good 
habitat from which tsetse might invade. Within the operational block, habitat comprised good 
areas mixed with poor ones where survival probabilities and population densities were lower. In 
good habitat, the natural daily mortalities of adults averaged 6.14 percent for males and 3.07 
percent for females; the population grew 8.4x in a year following a 90 percent reduction in 
densities of adults and pupae, but expired when the population density of males was reduced to 
<0.1/km2; daily movement of adults averaged 249 m for males and 367 m for females. Baits 
were placed throughout the operational area, or patchily to simulate uneven distributions of cattle 
and targets. Gaps of 2-3 km between baits were inconsequential provided the average imposed 
mortality per km2 across the entire operational area was maintained. Leaving gaps 5-7 km wide 
inside an area where baits killed 10 percent per day delayed effective control by 4-11 years. 
Corrective measures that put a few baits within the gaps were more effective than deploying 
extra baits on the edges. In conclusion, the uneven distribution of cattle within settled areas is 
unlikely to compromise the impact of insecticide-treated cattle on tsetse. However, where areas 
of >3 km wide are cattle-free then insecticide-treated targets should be deployed to compensate 
for the lack of cattle. 

 
 4. EPIDEMIOLOGY: VECTOR-HOST AND VECTOR-PARASITE 

INTERACTIONS 
 

[See also 34: 15788, 15797, 15810, 15811, 15814, 15816, 15817, 15822, 15823, 15833, 15858, 
15950]. 

 
15838. Anderson, N. E., Mubanga, J., Fevre, E. M., Picozzi, K., Eisler, M. C., Thomas, R. & 

Welburn, S. C., 2011. Characterisation of the wildlife reservoir community for human 
and animal trypanosomiasis in the Luangwa Valley, Zambia. PLoS Neglected Tropical 

Diseases, 5 (6): e1211. 
 

Centre for Infectious Diseases, Division of Pathway Medicine, College of Medicine and 
Veterinary Medicine, The University of Edinburgh, Edinburgh, UK. 
[sue.welburn@ed.ac.uk]. 

 
Animal and human trypanosomiasis are constraints to both animal and human health in 

sub-Saharan Africa, but there is little recent evidence as to how these parasites circulate in wild 
hosts in natural ecosystems. The Luangwa Valley in Zambia supports high densities of tsetse 
flies (Glossina species) and is recognised as an historical sleeping sickness focus. The objective 
of this study was to characterise the nature of the reservoir community for trypanosomiasis in the 
absence of influence from domesticated hosts. A cross-sectional survey of trypanosome 
prevalence in wildlife hosts was conducted in the Luangwa Valley from 2005 to 2007. Samples 
were collected from 418 animals and were examined for the presence of Trypanosoma brucei 
s.l., T. b. rhodesiense, Trypanosoma congolense and Trypanosoma vivax using molecular 
diagnostic techniques. The overall prevalence of infection in all species was 13.9 percent (95 
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percent confidence interval [CI]: 10.71-17.57 percent). Infection was significantly more likely to 
be detected in waterbuck (Kobus ellipsiprymnus) (Odds ratio [OR]=10.5, 95 percent CI: 2.36-
46.71), lion (Panthera leo) (OR=5.3, 95 percent CI: 1.40-19.69), greater kudu (Tragelaphus 

strepsiceros) (OR=4.7, 95 percent CI: 1.41-15.41) and bushbuck (Tragelaphus scriptus) 
(OR=4.5, 95 percent CI: 1.51-13.56). Bushbucks are important hosts for T. brucei s.l. while the 
Bovidae appear the most important for T. congolense. The epidemiology of T. vivax was less 
clear, but parasites were detected most frequently in waterbuck. Human infective T. b. 
rhodesiense were identified for the first time in African buffalo (Syncerus caffer) and T. brucei 
s.l. in leopard (Panthera pardus). Variation in infection rates was demonstrated at species level 
rather than at family or sub-family level. A number of significant risk factors interact to 
influence infection rates in wildlife including taxonomy, habitat and blood meal preference. In 
conclusion, Trypanosoma parasites circulate within a wide and diverse host community in this 
bio-diverse ecosystem. Consistent land use patterns over the last century have resulted in 
epidemiological stability, but this may be threatened by the recent influx of people and 
domesticated livestock into the mid-Luangwa Valley. 

 
15839. Herrera, H. M., Rocha, F. L., Lisboa, C. V., Rademaker, V., Mourao, G. M. & 

Jansen, A. M., 2011. Food web connections and the transmission cycles of Trypanosoma 

cruzi and Trypanosoma evansi (Kinetoplastida, Trypanosomatidae) in the Pantanal 
region, Brazil. Transactions of the Royal Society of Tropical Medicine & Hygiene, 105 
(7): 380-387. 

 
Laboratorio de Biologia de Tripanosomatideos, FIOCRUZ/RJ. Av. Brasil 4365, Rio de 
Janeiro, Brazil. [herrera@ioc.fiocruz.br]. 
 

We examined by parasitological tests (haemocultures and buffy coat) infection by 
Trypanosoma cruzi and T. evansi in blood samples from Leopardus pardalis, Cerdocyon thous 
and domestic dogs. Besides, 25 T. cruzi isolates previously derived from feral pigs and small 
wild mammals were characterized by miniexon gene and demonstrated to be in the TcI genotype. 
Herein, we make an overall analysis of the transmission cycle of both trypanosome species in the 
light of the assemblage of data collected over the last seven years. The carnivore Nasua nasua 
was confirmed to play a major role in the transmission cycles of both T. cruzi and T. evansi since 
it was the species that had the higher prevalence and higher parasitaemias by both flagellate 
species. In addition, our results show that both trypanosomatid species may be found throughout 
the Pantanal landscape, in all forest strata, as shown by the infection of carnivore, arboreal and 
terrestrial scansorial marsupial species in complex and seasonal transmission cycles. We propose 
that transmission of T. cruzi and T. evansi in the southern Pantanal region takes place via an 
intricate ecological trophic network involving generalist and specialist mammal species that are 
linked through a robust food-web connection. 

 
15840. Kohagne, T. L., M'Eyi M, P., Kamkuimo, R. G., Kaba, D., Louis, J. F. & 

Mimpfoundi, R., 2011. Transmission of human African trypanosomiasis in the Komo-
Mondah focus, Gabon. Pan African Medical Journal, 8: 36. 
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Organisation de Coordination pour la lutte contre les Endémies en Afrique Centrale 
(OCEAC), BP 15665, Yaoundé, Cameroon. [lisette_oceac@yahoo.fr]. 
 

Knowledge about transmission of sleeping sickness in a given focus is of great importance 
since it governs the efficacy and the cost-effectiveness of control strategies. The Komo-Mondah 
focus is the most endemic sleeping sickness focus of Gabon. This focus has hardly been 
investigated and available publications are more than thirty years old. In order to update 
transmission features of sleeping sickness in that focus, we conducted epidemiological and 
entomological surveys in March-April 2008. Epidemiological investigations relied on a case-
control study using a quantitative and qualitative methodology (a structured questionnaire). 
Cases were affected people (parasitological positive) diagnosed by the national control 
programme from 2004 to 2007, controls were those found disease-free after clinical examination 
and biological tests in the same period. They were asked to respond to a standard questionnaire 
concerning their activities after having signed a written consent. An univariate analysis was first 
performed and then a multivariate analysis using the conditional logistic regression for matching 
method. Traps were then set out for four days in areas where people were working. Tsetse flies 
captured were identified and dissected; their density and human-fly contact points were 
determined.  The results showed that risk of infection was associated with fishing activities 
(Odds-ratio: 5.69; CI 95 percent: 3.38-9.57). Three species of Glossina were captured: Glossina 
palpalis palpalis, Glossina fuscipes fuscipes and G. caliginea. Human-fly contact points were 
mainly landing stages. It is concluded that a combined strategy involving case-detection and 
vector control targeted at landing stages should be efficient against the disease. 

 
15841. Kohagne Tongue, L., Gounoue Kamkuimo, R., Mengue M'eyi, P., Kaba, D., Louis, 

F. J. & Mimpfoundi, R., 2011. Entomological survey in the historical sleeping sickness 
focus of Bendje (Gabon). Parasite, 18 (4): 303-309. 

 
Organisation de Coordination pour la lutte contre les Endémies en Afrique Centrale, BP 
15665, Yaoundé, Cameroun. [lisette_oceac@yahoo.fr]. 
 

The situation of human African trypanosomiasis (sleeping sickness) is poorly known in 
Gabon. Most of the historical foci have not been investigated for more than 15 years. Few cases 
are passively recorded from the historical focus of Bendje; they involved mainly fishermen but 
determining their contamination site is difficult because of their mobility due to their activity. 
The presence of these cases in that focus could favour its reactivation if the vector is still there. 
In order to assess a potential transmission risk in that area, an entomological survey was carried 
out in it. Traps were set up during four days in different habitats used by humans during their 
daily activities. Three species of tsetse flies (Glossina palpalis palpalis, G. pallicera newsteadi 
and G. caliginea) were caught and two species of trypanosomes (Trypanosoma vivax and T. 
brucei s.l.) were identified by PCR. These results suggest the presence of an animal transmission 
cycle. Human-flies contact was confirmed in all types of habitats but no transmission was 
quantified in the mangrove. 

 
15842. Maikaje, D. B. & Agbede, R. I. S., 2011. Vectorial distribution and possible bovine 
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trypanosomiasis transmission chain in the Kaura endemic focus, central Nigeria. 
Nigerian Journal of Scientific Research, 8: 15-18. 

 
Department of Biological Sciences, Nigerian Defence Academy, P.M.B. 2109, Kaduna; 
and Department of Veterinary Parasitology & Entomology, Ahmadu Bello University, 
Zaria, Kaduna, Nigeria. [dbmaik@yahoo.com]. 

 
An epidemiological study was carried out to determine the vectors and their involvement in 

the bovine trypanosomiasis transmission chain or network in the Kaura local government 
endemic area of central Nigeria. Using biconical and Nitse tsetse traps, high infestations of 
riverine G. palpalis palpalis (6/trap/day) and G. tachinoides (3/trap/day) were observed only 
within the forest of river Kajim. Similarly, high infestations of S. calcitrans (12 /trap/ day), 
Tabanus spp. (6/trap/day) and Haematopota spp. (9/trap/day) were detected within the grass and 
shrubs in the open fields and stream valleys of the study area. The apparent habitat separation 
between the tsetse flies and other biting flies seemingly correlated with the availability of 
conducive blood meal hosts and breeding and resting sites for these haematophagous flies within 
the study area. This apparently restricted vectoral habitat structure suggests the prevalence of a 
unique bovine trypanosomiasis transmission chain or network in which tsetse as biological 
vectors maintain the trypanosomes while the other blood-sucking flies spread these parasites 
among the large numbers of highly mobile grazing cattle in this area. Mechanisms of disrupting 
this bovine trypanosomiasis transmission chain or network to improve the semi-nomadic cattle 
industry in the Koura endemic focus are suggested. 

 
15843. Mubamba, C., Sitali, J. & Gummow, B., 2011. Trends of selected cattle diseases in 

eastern Zambia between 1988 and 2008. Preventive Veterinary Medicine, 101 (3-4): 163-
172. 

 
Veterinary Officer, Box 560010, Petauke, Eastern Province, Zambia. 
[chrisbornmw@yahoo.com]. 

 
Livestock diseases have long been a challenge to livestock production and public health in 

sub-Saharan Africa and Zambia in particular. The Eastern province of Zambia is one area in 
Zambia that is not spared by this challenge. Among various livestock diseases affecting cattle in 
this region, the most prominent are East Coast fever (ECF) and African animal trypanasomiasis 
(AAT). Since little has been published on the epidemiological trends of these diseases in eastern 
Zambia, a retrospective epidemiological study was carried out using reports that were submitted 
to the provincial veterinary office over the past 20 years. This paper assists in evaluating the 
impact of some of these aid programmes. Data was analysed using Excel((c)), SPSS((R)), Epi 
Info((c)), and Epi Map((c)) software. Apparent prevalence of AAT in cattle had decreased in the 
study period from estimates as high as 50 percent in Katete and Petauke district in 1990 and 
1992 respectively to just below 3 percent (Petauke and Katete) in 2008, thereby, reducing the 
provincial apparent prevalence from 20 percent in 1992 to just below 3 percent in 2008. ECF 
apparent prevalence dropped from estimates as high as 17 percent in Chadiza district and 6 
percent in Chipata district in 1990 to just below 1 percent in 2008 thereby reducing the 
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provincial mean prevalence of East Coast fever from 6 percent (1990) to 1 percent (2008). The 
inclusion of donor assistance in disease control programmes for both AAT and ECF appeared to 
have a significant impact on the prevalence of both diseases. 

 
15844. Nimpaye, H., Njiokou, F., Njine, T., Njitchouang, G. R., Cuny, G., Herder, S., 

Asonganyi, T. & Simo, G., 2011. Trypanosoma vivax, T. congolense "forest type" and T. 

simiae: prevalence in domestic animals in sleeping sickness foci of Cameroon. Parasite, 
18 (2): 171-179. 

 
Laboratoire de Biologie Générale, Département de Biologie et Physiologie Animales, 
Faculté des Sciences, Université de Yaoundé I, BP 812, Yaoundé, Cameroon. 

 
In order to better understand the epidemiology of human and animal trypanosomiasis that 

occur together in sleeping sickness foci, a study of prevalences of animal parasites 
(Trypanosoma vivax, T. congolense  "forest type", and T. simiae) infections was conducted on 
domestic animals to complete the previous work carried on T. brucei gambiense prevalence 
using the same animal samples. 875 domestic animals, including 307 pigs, 264 goats, 267 sheep 
and 37 dogs were sampled in the sleeping sickness foci of Bipindi, Campo, Doume and Fontem 
in Cameroon. The polymerase chain reaction (PCR)-based method was used to identify these 
trypanosome species. A total of 237 (27.08 percent) domestic animals were infected by at least 
one trypanosome species. The prevalences of T. vivax, T. congolense "forest type" and T. simiae 

were 20.91 percent, 11.42 percent and 0.34 percent respectively. The prevalences of T. vivax and 
T. congolense "forest type" differed significantly between the animal species and between the 
foci (p < 0.0001); however, these two trypanosomes were found in all animal species as well as 
in all the foci subjected to the study. The high prevalences of T. vivax and T. congolense "forest 
type" in Bipindi and Fontem-Center indicate their intense transmission in these foci. 

 
15845. Salim, B., Bakheit, M. A., Salih, S. E., Kamau, J., Nakamura, I., Nakao, R. & 

Sugimoto, C., 2011. An outbreak of bovine trypanosomiasis in the Blue Nile State, 
Sudan. Parasites & Vectors, 4: 74. 

 
Department of Collaboration and Education, Research Center for Zoonosis Control, 
Hokkaido University, Sapporo, Japan. [bashirsalim@gmail.com]. 
 

In this paper, we report an outbreak of bovine trypanosomiasis in Kurmuk district, Blue 
Nile State, Sudan that involved an infection with four Trypanosoma species in cattle. The 
outbreak occurred in June 2010 when indigenous cattle, mainly Kenana and Fulani breed types, 
crossed the national Sudanese border to Ethiopia and returned. A veterinarian was notified of 
massive deaths in the cattle populations that recently came from Ethiopia. All animals involved 
in the outbreak were from the nomadic Fulani group and resident local cattle were not infected 
and no deaths had been reported among them. A total of 210 blood samples were collected from 
the ear vein of cattle. A few samples were also collected from other domestic animals species. 
Parasitological examinations including the haematocrit centrifugation technique (HCT) and 
Giemsa-stained thin blood films were carried out. ITS1-PCR, which provides a multi-species-
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specific diagnosis in a single PCR, was performed. Parasitological examinations revealed that 43 
percent (91/210) of the affected cattle population was infected with two morphologically distinct 
trypanosomes. Seventy animals (33.3 percent) were infected with T. vivax and 21 (10 percent) 
with T. congolense. In contrast, ITS1-PCR was able to identify four Trypanosoma species 
namely T. vivax, T. congolense, T. simiae and T. brucei in 56.7 percent (80/141) of the animals. 
T. brucei showed the highest prevalence of 36.9 percent (52/141) and the lowest 19 percent 
(27/141) was displayed by T. congolense. Furthermore, and because ITS1-PCR could not 
differentiate between T. brucei subspecies, serum resistance-associated (SRA) gene based PCR 
was used to detect the human T. brucei rhodesiense in T. brucei positive samples. None of the 
samples was shown positive for T. b. rhodesiense. The identity of the 400 bp PCR product 
originating from T. simiae was further confirmed by sequencing and subsequent phylogenetic 
analysis. The outbreak of bovine trypanosomiasis that occurred in the Blue Nile State was caused 
by mixed infection of two or more Trypanosoma species and the conventional parasitological 
examinations were not reliable in identifying all the species of Trypanosoma involved in the 
outbreak. It is difficult to determine the cause of the disease since the current enzootic situation 
in the resident cattle in the region is poorly understood. The study concluded that at least four 
species of trypanosomes caused this outbreak in the Blue Nile State. The presence of mixed 
infections might have exacerbated the severity of the disease. It is hypothesized that variant 
parasite type(s) might have been introduced to Sudanese cattle when they crossed to Ethiopia, a 
tsetse belt region. 

 
15846. Simo, G., Njitchouang, G. R., Njiokou, F., Cuny, G. & Asonganyi, T., 2011. 

Trypanosoma brucei s.l.: microsatellite markers revealed high level of multiple 
genotypes in the mid-guts of wild tsetse flies of the Fontem sleeping sickness focus of 
Cameroon. Experimental Parasitology, 128 (3): 272-278. 

 
Department of Biochemistry, Faculty of Science, P.O. Box 67, University of Dschang, 
Dschang, Cameroon. [gsimoca@yahoo.fr]. 

 
To identify Trypanosoma brucei genotypes which are potentially transmitted in a sleeping 

sickness focus, microsatellite markers were used to characterize T. brucei found in the mid-guts 
of wild tsetse flies of the Fontem sleeping sickness focus in Cameroon. For this study, two 
entomological surveys were performed during which 2 685 tsetse flies were collected and 1 596 
(59.2 percent) were dissected. Microscopic examination revealed 1.19 percent (19/1 596) mid-
gut infections with trypanosomes; the PCR method identified 4.7 percent (75/1 596) infections 
with T. brucei in the mid-guts. Of these 75 trypanosomes identified in the mid-guts, 
Trypanosoma brucei gambiense represented 0.81 percent (13/1 596) of them, confirming the 
circulation of human infective parasite in the Fontem focus. Genetic characterization of the 75 T. 
brucei samples using five microsatellite markers revealed not only multiple T. brucei genotypes 
(47 percent), but also single genotypes (53 percent) in the mid-guts of the wild tsetse flies. These 
results show that there is a wide range of trypanosome genotypes circulating in the mid-guts of 
wild tsetse flies from the Fontem sleeping sickness focus. They open new avenues to undertake 
investigations on the maturation of multiple infections observed in the tsetse fly mid-guts. Such 
investigations may allow to understand how the multiple infections evolve from the tsetse flies 
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mid-guts to the salivary glands and also to understand the consequence of these evolutions on the 
dynamic (which genotype is transmitted to mammals) of trypanosomes transmission. 

 
15847. Truc, P., Grebaut, P., Lando, A., Makiadi Donzoau, F., Penchenier, L., Herder, S., 

Geiger, A., Vatunga, G. & Josenando, T., 2011. Epidemiological aspects of the 
transmission of the parasites causing human African trypanosomiasis in Angola. Annals 

of Tropical Medicine & Parasitology, 105 (3): 261-265. 
 

Campus International de Baillarguet, Montpellier Cedex 5, France. 
 

Abstract not available 
 

5. HUMAN TRYPANOSOMOSIS 
 

(a)  SURVEILLANCE 
 

[See also 34: 15841]. 
 

15848. Kagira, J. M., Maina, N., Njenga, J., Karanja, S. M., Karori, S. M. & Ngotho, J. M., 
2011. Prevalence and types of co-infections in sleeping sickness patients in Kenya 
(2000/2009). Journal of Tropical Medicine, 2011: 248914. 

 
Department of Tropical Infectious Diseases, Institute of Primate Research, P.O. Box 
24481, Nairobi 00502, Kenya. 

 
The occurrence of co-infections in human African trypanosomiasis (HAT) patients was 

investigated using retrospective data of hospital records at the National Sleeping Sickness 
Referral Hospital in Alupe, Kenya. A total of 31 patients, 19 males and 12 females, were 
diagnosed with HAT between the years 2000 and 2009. The observed co-infections included 
malaria (100 percent), helminthosis (64.5 percent), typhoid (22.5 percent), urinary tract 
infections (16.1 percent), HIV (12.9 percent), and tuberculosis (3.2 percent). The species of 
helminths observed included Ancylostoma duodenale (38.7 percent), Ascaris lumbricoides (45.7 
percent), Strongyloides stercoralis (9.7 percent), and Taenia spp. (3.2 percent). The patients were 
also infected with Entamoeba spp. (32.3 percent) and Trichomonas hominis (22.6 percent) 
protozoan parasites. The main clinical signs observed at the point of admission included 
headache (74.2 percent), fever (48.4 percent), sleep disorders (45.2 percent), and general body 
pain (41.9 percent). The HAT patients were treated with suramin (early stage, 9/31) and 
melarsoprol (late stage, 22/31). In conclusion, the study has shown that HAT patients have 
multiple co-infections which may influence the disease pathogenesis and complicate 
management of HAT. 

 
15849. Mumba, D., Bohorquez, E., Messina, J., Kande, V., Taylor, S. M., Tshefu, A. K., 

Muwonga, J., Kashamuka, M. M., Emch, M., Tidwell, R., Buscher, P. & Meshnick, 
S. R., 2011. Prevalence of human African trypanosomiasis in the Democratic Republic of 
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the Congo. PLoS Neglected Tropical Diseases, 5 (8): e1246. 
 

Institut National de Recherche Biomedicale, Kinshasa, Democratic Republic of the 
Congo. [meshnick@unc.edu]. 

 
Human African Trypanosomiasis (HAT) is a major public health problem in the 

Democratic Republic of the Congo (DRC). Active and passive surveillance for HAT is 
conducted but may underestimate the true prevalence of the disease. We used ELISA to screen 7 
769 leftover dried blood spots from a nationally representative population-based survey, the 
2007 Demographic and Health Survey. 26 samples were positive by ELISA. Three of these were 
also positive by trypanolysis and/or PCR. From these data, we estimate that there were 18 592 
people with HAT (95 percent confidence interval, 4 883-32 302) in the DRC in 2007, slightly 
more than twice as many as were reported. 

 
15850. Simarro, P. P., Cecchi, G., Franco, J. R., Paone, M., Fevre, E. M., Diarra, A., 

Postigo, J. A., Mattioli, R. C. & Jannin, J. G., 2011. Risk for human African 
trypanosomiasis, Central Africa, 2000-2009. Emerging Infectious Diseases, 17 (12): 
2322-2324. 

 
World Health Organization, Geneva, Switzerland. [simarrop@who.int]. 

 
Comprehensive georeference records for human African trypanosomiasis in Cameroon, 

Central African Republic, Chad, Congo, Equatorial Guinea, and Gabon were combined with 
human population layers to estimate a kernel-smoothed relative risk function. Five risk 
categories were mapped, and approximately 3.5 million persons were estimated to be at risk for 
this disease. 

 
(b) PATHOLOGY AND IMMUNOLOGY 

 
[See also 34: 15795]. 

  
15851. Blum, J. A., Neumayr, A. L. & Hatz, C. F., 2011. Human African trypanosomiasis in 

endemic populations and travellers. European Journal of Clinical Microbiology & 

Infectious Diseases. E Publication ahead of print, December 7. 
 

Medical Department, Swiss Tropical and Public Health Institute, Socinstrasse 57, 4002, 
Basel, Switzerland. [johannes.blum@unibas.ch]. 

 
Human African trypanosomiasis (HAT) or sleeping sickness is caused by the protozoan 

parasites Trypanosoma brucei (T. b.) gambiense (West African form) and T. b. rhodesiense (East 
African form) that are transmitted by the bite of the tsetse fly, Glossina spp. Whereas most 
patients in endemic populations are infected with T. b. gambiense, most tourists are infected with 
T. b. rhodesiense. In endemic populations, T. b. gambiense HAT is characterized by chronic and 
intermittent fever, headache, pruritus, and lymphadenopathy in the first stage and by sleep 
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disturbances and neuro-psychiatric disorders in the second stage. Recent descriptions of the 
clinical presentation of T. b. rhodesiense in endemic populations show a high variability in 
different foci. The symptomatology of travellers is markedly different from the usual textbook 
descriptions of African HAT patients. The onset of both infections is almost invariably an acute 
and febrile disease. Diagnosis and treatment are difficult and rely mostly on old methods and 
drugs. However, new molecular diagnostic technologies are under development. A promising 
new drug combination is currently being evaluated in a phase 3 b study and further new drugs 
are under evaluation. 

 
15852. Shah, I., Ali, U. S., Andankar, P. & Joshi, R. R., 2011. Trypanosomiasis in an infant 

from India. Journal of Vector Borne Diseases, 48 (2): 122-123. 
 

Department of Pediatrics, B. J. Wadia Hospital for Children, Parel, Mumbai, India. 
[irashah@pediatriconcall.com]. 

 
Human infection by animal species of Trypanosoma is not seen due to the presence of 

trypanolytic factor in human serum. A one and a half month old girl born of nonconsanguineous 
marriage was presented with fever of five days’ duration on 1 September 2006. There was no 
cough, diarrhea, vomiting, refusal of feeds or lethargy. She was a full-term normal delivery with 
no antenatal or postnatal complications. She was on breast feeds and had received boiled cow’s 
milk once. She had received only one dose of oral polio vaccine. She was a resident of Andheri, 
Mumbai and stayed in a flat that was infested by rodents. The parents were well. On 
examination, she was well-nourished and her vital parameters were normal. She was febrile and 
had hepatosplenomegaly. Other systemic examinations were normal. Investigations showed 
haemoglobin of 8.5 g percent with WBC count of 8 800/mm3 (38 percent polymorphs, 60 
percent lymphocytes and 2 percent eosinophils). Platelet count was reduced (77 000/mm3). 
Peripheral blood smears showed the presence of trypanosomes which were suggestive of T. 

lewisi in view of the large size of kinetoplast, pointed posterior of cell and lack of undulating 
membrane. Serum aspartate transaminase (SGPT) was 171 IU/L and total proteins were 6.8 g/dL 
with serum albumin of 3.3 g/dL. Total bilirubin was 0.7 mg/dL and both prothrombin time (PT) 
and partial thromboplastin time (PTT) were prolonged (16 & 47 sec respectively). Renal function 
tests and serum electrolytes were normal. In view of symptomatic trypanosomiasis, an HIV 
ELISA test was done to rule out an immunocompromised state and this was negative. After 
hospitalization, the child continued to have fever for four days which then subsided on its own. 
Repeat investigations after 12 days of presentation showed a normal platelet count (378 
000/mm3) and SGPT decreased to 73 IU/L with albumin increasing to 3.5 g/dL and 
normalization of PT (15 sec) and PTT (33 sec). Repeated peripheral blood smear examinations 
over a period of 15 days showed no trypanosomes and the child continued to remain 
asymptomatic and had regression of liver and spleen enlargement. The child was discharged and 
continues to do well on follow up. 

 
15853. Urech, K., Neumayr, A. & Blum, J., 2011. Sleeping sickness in travellers - do they 

really sleep? PLoS Neglected Tropical Diseases, 5 (11): e1358. 
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Swiss Tropical and Public Health Institute, Basel, Switzerland. 
[karin.urech@stud.unibas.ch9]. 

 
The number of imported human African trypanosomiasis (HAT) cases in non-endemic 

countries has increased over the last years. The objective of this analysis is to describe the 
clinical presentation of HAT in Caucasian travellers. Literature was screened (MEDLINE, 
Pubmed) using the terms "Human African Trypanosomiasis", "travellers" and "expatriates"; all 
European languages except Slavic ones were included. Publications without clinical description 
of patients were only included in the epidemiological analysis. Forty-five reports on Caucasians 
with T. b. rhodesiense and 15 with T. b. gambiense infections were included in the analysis of 
the clinical parameters. Both species were associated with fever (T. b. rhodesiense 97.8 percent 
and T. b. gambiense 93.3 percent), headache (50 percent each) and a trypanosomal chancre (T. b. 

rhodesiense 84.4 percent, T. b. gambiense 46.7 percent). While sleeping disorders dominated the 
clinical presentation of HAT in endemic regions, there were only rare reports in travellers: 
insomnia (T. b. rhodesiense 7.1 percent, T. b. gambiense 21.4 percent), diurnal somnolence (T. b. 
rhodesiense 4.8 percent, T. b. gambiense none). Surprisingly, jaundice was seen in 24.2 percent 
of the Caucasian T. b. rhodesiense patients, but never described in HAT patients in endemic 
regions. These results contrast to the clinical presentation of T. b. gambiense and T. b. 
rhodesiense HAT in Africans in endemic regions, where the presentation of chronic T. b. 
gambiense and acute T. b. rhodesiense HAT is different. The analysis of 14 reports on T. b. 
gambiense HAT in Africans living in a non-endemic country showed that neurological 
symptoms such as somnolence (46.2 percent), motor deficit (64.3 percent) and reflex anomalies 
(14.3 percent) as well as psychiatric symptoms such as hallucinations (21.4 percent) or 
depression (21.4 percent) may dominate the clinical picture. Often, the diagnosis was missed 
initially: some patients were even hospitalized in psychiatric clinics. In travellers, T. b. 
rhodesiense and gambiense presented as acute illnesses and chancres were frequently seen. The 
diagnosis of HAT in Africans living outside the endemic region was often missed or delayed, 
leading to presentation with advanced stages of the disease. 

 
15854. Verma, A., Manchanda, S., Kumar, N., Sharma, A., Goel, M., Banerjee, P. S., Garg, 

R., Singh, B. P., Balharbi, F., Lejon, V., Deborggraeve, S., Singh Rana, U. V. & 
Puliyel, J., 2011. Trypanosoma lewisi or T. lewisi-like infection in a 37-day-old Indian 
infant. American Journal of Tropical Medicine & Hygiene, 85 (2): 221-224. 

 
Department of Paediatrics, St. Stephens Hospital, Delhi, India. [puliyel@gmail.com]. 

 
Trypanosomes were observed in the peripheral blood smear of a 37-day-old Indian infant 

admitted off feeds, with fever and convulsions. Trypanosoma (Herpetosoma) lewisi was 
identified in the blood. The species identification was confirmed by morphometry, polymerase 
chain reaction, and sequencing. Human infection with this organism is rare. Only seven cases of 
this infection have been reported previously in humans. The cases reported are reviewed to 
develop a composite picture of this disease. 
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(c) TREATMENT 
 

[See also 34: 15786, 15787, 15790, 15793, 15794, 15795, 15800, 15801, 15802, 15832, 
15900]. 

 
15855. Barrett, M. P., Vincent, I. M., Burchmore, R. J., Kazibwe, A. J. & Matovu, E., 2011. 

Drug resistance in human African trypanosomiasis. Future Microbiology, 6 (9): 1037-
1047. 

 
Wellcome Trust Centre for Molecular Parasitology, Institute of Infection, Immunity & 
Inflammation, College of Medical Veterinary and Life Sciences, University of Glasgow, 
Glasgow, G12 8QQ, Scotland, UK. [michael.barrett@glasgow.ac.uk]. 

 
Human African trypanosomiasis or “sleeping sickness” is a neglected tropical disease 

caused by the parasite Trypanosoma brucei. A decade of intense international cooperation has 
brought the incidence to fewer than 10 000 reported cases per annum with anti-trypanosomal 
drugs, particularly against stage 2 disease where the CNS is involved, being central to control. 
Treatment failures with melarsoprol started to appear in the 1990s and their incidence has risen 
sharply in many foci. Loss of plasma membrane transporters involved in drug uptake, 
particularly the P2 aminopurine transporter and also a transporter termed the high affinity 
pentamidine transporter, relate to melarsoprol resistance selected in the laboratory. The same two 
transporters are also responsible for the uptake of the stage 1 drug pentamidine and, to varying 
extents, other diamidines. However, reports of treatment failures with pentamidine have been 
rare from the field. Eflornithine (difluoromethylornithine) has replaced melarsoprol as first-line 
treatment in many regions. However, a need for protracted and complicated drug dosing 
regimens slowed widespread implementation of eflornithine monotherapy. A combination of 
eflornithine with nifurtimox substantially decreases the required dose and duration of 
eflornithine administration and this nifurtimox-eflornithine combination therapy has enjoyed 
rapid implementation. Unfortunately, selection of resistance to eflornithine in the laboratory is 
relatively easy (through loss of an amino acid transporter believed to be involved in its uptake), 
as is selection of resistance to nifurtimox. The first anecdotal reports of treatment failures with 
eflornithine monotherapy are emerging from some foci. The possibility that parasites resistant to 
melarsoprol on the one hand, and eflornithine on the other, are present in the field indicates that 
genes capable of conferring drug resistance to both drugs are in circulation. If new drugs, that act 
in ways that will not render them susceptible to resistance mechanisms already in circulation do 
not appear soon, there is also a risk that the current downward trend in human African 
trypanosomiasis prevalence will be reversed and, as has happened in the past, the disease will 
become resurgent, only this time in a form that resists available drugs. 

 
15856. Mbelesso, P., Mbadingai, S. & Laghoe Nguembe, G. L., 2011. Towards the control of 

endemic of sleeping sickness in Nola-Bilolo focus, Central African Republic. Bulletin de 

la Société Pathologie Exotique, 104 (5): 361-365. 
 

Service de Neurologie, Hôpital de l'Amitié de Bangui, Faculté des Sciences de la Santé 
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de Bangui, BP 3183, Bangui, République Centrafricaine. [pmbelesso@yahoo.com]. 
 
Sleeping sickness is more prevalent in three historical regions of Central African Republic. 

Control measures were organized by the colonial authorities through health services to fight 
against this disease and other major diseases. Multivariate analysis and government intervention 
helped in controlling the disease in the focus of Nola-Bilolo, which was formerly hyperendemic. 
The authors report the results of the control measures that resulted in the extinction of the disease 
in this outbreak. This is a retrospective study from 1991 to 2008, and the data were collected 
from the national programme to fight against human African trypanosomiasis in Bangui and in 
the diagnostic and treatment centre of Nola. It was highly endemic, with more than 300 cases 
recorded in the year 1991. The average number of cases was 200.8 per year between 1992 and 
1998. Less than 50 cases per year were recorded from 2000 to 2006, and no cases have been 
detected since 2007. 69.35 percent of the patients were actively screened. 5 000 conical 
deltamethrin-impregnated traps (Gouteux and Lancien) had been used in 15 districts in the city 
of Nola and 46 surrounding villages by 20 trappers fully supported by the programme. This is an 
example of regular active mass screening. Systematic treatment of detected cases and well-
conducted vector control measures give hope that the affected populations can live peacefully in 
order to contribute to the development of their country. 

 
6. ANIMAL TRYPANOSOMOSIS 
 

(a) SURVEY AND DISTRIBUTION 
 

[See also 34: 15843, 15844, 15845]. 
 

15857. Amoudi, M. A., Al-Yousif, M. S. & Al-Shawa, Y., 2011. Morphological forms of 
Trypanosoma evansi from blood of Arabian camel (Camelus dromedarius) in the Riyadh 
metropolitan areas. Journal of the Egyptian Society of Parasitology, 41 (1): 29-33. 

 
Department of Zoology, College of Science, King Saud University, P.O. Box 2455, 
Riyadh 11451, Saudi Arabia. 

 
Trypanosoma evansi is commonly referred to as haemoflagellate infesting camels and 

other vertebrates. It is the causative agent of number of diseases. T. evansi has several 
morphological forms. We have detected three forms in the blood of camels: slender, transitional 
and intermediate. The present study is the first investigation of the morphological forms of T. 
evansi in Arabian camels in Saudi Arabia. 

 
15858. Balyeidhusa, A. S., Kironde, F. A. & Enyaru, J. C., 2011. Apparent lack of a domestic 

animal reservoir in gambiense sleeping sickness in northwest Uganda. Veterinary 

Parasitology. E Publication ahead of print, December 19. 
 

Department of Biochemistry, Makerere University, P.O. Box 7062, Kampala, Uganda. 
[abalyeidhusa@sci.mak.ac.ug]. 
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The role played by domestic animals in the transmission of gambiense human African 

trypanosomosis remains uncertain. Northwest Uganda is endemic for Trypanosoma brucei 
gambiense. Of the 3 267 blood samples from domestic animals in four counties examined by the 
haematocrit centrifugation technique (HCT), 210 (6.4 percent) were positive for trypanosomes. 
The prevalence of animal trypanosomosis was estimated at 13.8 percent in Terego county, 4.2 
percent in East Moyo county, 3.1 percent in Koboko county, and zero in West Moyo county. The 
trypanosome infection rates varied from 0.2 percent in goats, 3.5 percent in dogs, 5.0 percent in 
sheep, 7.5 percent in cattle, to 15.5 percent in pigs. DNA was extracted from the blood samples 
by the Chelex method using Sigma and Qiagen DNA extraction kits. A total of 417 (12.8 
percent) DNA samples tested positive by the polymerase chain reaction (PCR) using T. brucei 
species specific primers (TBR) indicating that the DNA was of Trypanozoon trypanosomes 
while 2 850 (87.2 percent) samples were TBR-PCR negative. The T. brucei infection rates based 
on TBR-PCR were highest in pigs with 21.7 percent, followed by cattle (14.5 percent), dogs 
(12.4 percent), sheep (10.8 percent), and lowest in goats with 3.2 percent, which indicated that 
pigs were more bitten by infected tsetse than other domestic animals. TBR-PCR detected 6.3 
percent more infected domestic animals that had been missed, and confirmed the 6.4 percent 
cases detected by HCT in the field. Statistical analysis done using one-way ANOVA Kruskal-
Wallis test (Prism version 5.0) showed no significant difference in trypanosome infections 
among domestic animals using both HCT and TBR-PCR techniques in the different counties 
(Confidence Interval of 95 percent, p-values >0.05). All the 417 trypanosome DNA samples 
were negative by PCR using two sets of primers specific for the T. b. gambiense specific 
glycoprotein gene and serum resistance associated gene of T. b. rhodesiense, indicating that they 
were probably not from the two human infective trypanosomes. The polymerase chain reaction 
using primers based on ribosomal internal transcribed spacer-1 region (ITS-PCR) resolved the 
417 DNA of trypanosome samples into 323 (77.5 percent) as single trypanosome infections due 
to T. brucei and 39 (9.4 percent) mixed infections but missed detecting 55 (13.1 percent) 
samples, possibly because of the low sensitivity of ITS-PCR as compared to TBR-PCR. The 31 
mixed infections were due to T. brucei (T. b) and T. vivax (T. v); while eight mixed infections 
were of T. congolense (T. c) and T. brucei; but no mixed trypanosome infections with T. 
congolense, T. brucei, and T. vivax were detected. Statistical analysis done using one way 
ANOVA Kruskal-Wallis test (Prism version 5.0) to compare single and mixed trypanosome 
infections showed no significant difference in trypanosome infections due to single (T. v, T. b, T. 

c) and mixed (T. v+T. b; T. v+T. c; T. b+T. c; T. v+T. b+T. c) trypanosome species among 
domestic animals in the different counties using ITS-PCR technique (Confidence Interval of 95 
percent, p-values >0.05). It was concluded that domestic animals in northwest Uganda were 
probably not reservoirs of T. b. gambiense and there was no infection, as yet, with T. b. 
rhodesiense parasites. 

 
15859. Haridy, F. M., El-Metwally, M. T., Khalil, H. H. & Morsy, T. A., 2011. Trypanosoma 

evansi in dromedary camel: with a case report of zoonosis in greater Cairo, Egypt. 
Journal of the Egyptian Society of Parasitology, 41 (1): 65-76. 

 
Department of Tropical Medicine, Faculty of Medicine, Al-Azhar University, Nasr City, 
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Egypt. 
 
Trypanosoma evansi (Steel, 1885) Balbiani, is the cause of trypanosomiasis (surra) which 

multiples in the blood and body fluids. The incubation period varies from 7-15 days. The 
mortality rate was up to 20 percent and fatality rate may reach up to 100 percent in untreated 
camels. Three hundred randomly selected camels (200 males 4-6 years old and 100 females 10-
15 years) were examined clinically and diagnosed by Giemsa stained blood smear, anti- 
trypanosomiasis-antibodies by ELISA and the urine thymol turbidity test for natural infection 
with T. evani (surra). The results showed that camels were naturally infected with T. evansi as 
indicated by stained blood film examination and/or ELISA. Infection in males was 6.0 percent 
(stained blood smears), 8.0 percent (ELISA) and 5.0 percent (urine thymol turbidity test). In 
females the infection rate was 9.0 percent, 24.0 percent and 12 percent respectively. By 
correlation with suggestive clinical manifestations, ELISA proved to be more sensitive and 
specific (13.3 percent) than stained blood films (10.0 percent) and the urine thymol turbidity test 
(7.3 percent). Regarding humans, one out of 30 was positive as indicated by ELISA and stained 
blood smears but was negative by urine thymol turbidity test. The human case was successfully 
treated as indicated clinically, parasitologically and serologically. This is the first reported 
Egyptian human case of T. evansi, a neglected zoonosis. 

 
15860. Laohasinnarong, D., Thekisoe, O. M., Malele, I., Namangala, B., Ishii, A., Goto, Y., 

Kawazu, S., Sugimoto, C. & Inoue, N., 2011. Prevalence of Trypanosoma spp. in cattle 
from Tanzania estimated by conventional PCR and loop-mediated isothermal 
amplification (LAMP). Parasitology Research, 109 (6): 1735-1739. 

 
OIE Reference Laboratory on Surra, National Research Center for Protozoan Diseases, 
Obihiro University of Agriculture and Veterinary Medicine, Inada-cho, Obihiro, 
Hokkaido 080-8555, Japan. [ircpmi@obihero.ac.jp]. 

 
This study compared the prevalence of trypanosome infections estimated by PFR-loop-

mediated isothermal amplification (LAMP) with conventional polymerase chain reaction (PCR) 
tests. One hundred and forty eight cattle blood samples were collected from Robanda village, 
Mara region, Tanzania in April 2008. In conventional PCR, four sets of primers specific for the 
detection of Trypanosoma spp., Trypanosoma brucei rhodesiense, Trypanosoma vivax, and 
Trypanozoon, as well as a modified LAMP were used. Conventional PCR detected no infection 
or up to 8, 1, and 3 infections with Trypanosoma congolense savannah, Trypanozoon, and T. 
vivax, respectively, whereas LAMP detected additional 44 Trypanozoon positive cases. Our 
results clearly indicate that the prevalence of Trypanozoon spp. in cattle in Robanda village 
estimated by PFR-LAMP (30.4 percent) was significantly higher than the estimates by PCR 
assays (0.6-2 percent). As such, future studies should target epidemiological surveys of 
Trypanozoon and T. brucei rhodesiense infections in possible reservoir animals by LAMP to 
further elucidate the actual prevalence of these parasites. 

 
15861. Martinkovic, F., Matanovic, K., Rodrigues, A. C., Garcia, H. A. & Teixeira, M. M., 

2011. Trypanosoma (Megatrypanum) melophagium in the sheep ked Melophagus ovinus 
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from organic farms in Croatia: phylogenetic inferences support restriction to sheep and 
sheep keds and close relationship with trypanosomes from other ruminant species. 
Journal of Eukaryotic Microbiology. E Publication ahead of print, December 13. 

 
Department for Parasitology and Parasitic Diseases with Clinics, Faculty of Veterinary 
Medicine, University of Zagreb, Heinzelova 55, 10000, Zagreb, Croatia. 
[mmgteix@icb.usp.br]. 
 

Trypanosoma (Megatrypanum) melophagium is a parasite of sheep transmitted by sheep 
keds, the sheep-restricted ectoparasite Melophagus ovinus (Diptera: Hippoboscidae). Sheep keds 
were 100 percent prevalent in sheep from five organic farms in Croatia, southeastern Europe, 
whereas trypanosomes morphologically compatible with T. melophagium were 86 percent 
prevalent in the guts of the sheep keds. Multilocus phylogenetic analyses using sequences of 
small subunit rRNA, glycosomal glyceraldehyde-3-phosphate dehydrogenase, spliced leader, and 
internal transcribed spacer 1 of the rDNA distinguished T. melophagium from all allied 
trypanosomes from other ruminant species and placed the trypanosome in the subgenus 
Megatrypanum. Trypanosomes from sheep keds from Croatia and Scotland, the only available 
isolates for comparison, shared identical sequences. All biologic and phylogenetic inferences 
support the restriction of T. melophagium to sheep and, especially, to the sheep keds. The 
comparison of trypanosomes from sheep, cattle, and deer from the same country, which was 
never achieved before this work, strongly supported the host-restricted specificity of 
trypanosomes of the subgenus Megatrypanum. Our findings indicate that with the expansion of 
organic farms, both sheep keds and T. melophagium may re-emerge as parasitic infections of 
sheep. 

 
15862. Nair, A. S., Ravindran, R., Lakshmanan, B., Kumar, S. S., Tresamol, P. V., 

Saseendranath, M. R., Senthilvel, K., Rao, J. R., Tewari, A. K. & Ghosh, S., 2011. 
Haemoprotozoa of cattle in northern Kerala, India. Tropical Biomedicine, 28 (1): 68-75. 

 
Department of Veterinary Epidemiology and Preventive Medicine, College of Veterinary 
and Animal Sciences, Mannuthy, Thrissur, Kerala, India. [drreghuravi@yahoo.com]. 

 
A cross-sectional study was conducted using 150 blood samples collected from apparently 

normal/healthy crossbred cattle of northern Kerala, South India, for detection of haemoprotozoan 
infections using staining techniques (Giemsa and acridine orange) and specific PCR. Theileria-

like piroplasms and Babesia bigemina were the only protozoan organisms detected in blood 
smears. The polymerase chain reaction using specific primers revealed amplification of products 
specific for Trypanosoma evansi (34.6 percent), Theileria spp. other than T. annulata (16 
percent) and B. bigemina (0.6 percent). The higher prevalence rate of Trypanosoma evansi 
indicated that the subclinical parasitism can be due to higher prevalence of tabanid flies. The 
study also revealed the presence of a theilerial piroplasm other than T. annulata in north Kerala, 
which needs further investigation. 
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(b) PATHOLOGY AND IMMUNOLOGY 
 

[See also 34: 15880]. 
 

15863. de Souza Pimentel, D., do Nascimento Ramos, C. A., Ramos, R. A., de Araujo, F. R., 
Borba, M. L., da Gloria Faustino, M. A. & Alves, L. C., 2011. First report and 
molecular characterization of Trypanosoma vivax in cattle from the State of Pernambuco, 
Brazil. Veterinary Parasitology. E Publication ahead of print, October 30. 

 
Universidade Federal Rural de Pernambuco, Departamento de Medicina Veterinaria, Av. 
Dom Manoel de Medeiros s/n, CEP 52171-900, Recife, PE, Brazil. 

 
This paper describes an outbreak of Trypanosoma vivax for the first time in the State of 

Pernambuco, Brazil, affecting dairy cattle in the municipality of Itambe in the northern coastal 
zone of the State. Clinical signs compatible with infection by blood protozoa and epidemic 
miscarriages were observed. The diagnosis of T. vivax was confirmed through biometric 
microscopy and molecular analysis with PCR and DNA sequencing. The T. vivax isolate 
detected in the present study proved to be genetically very close to other Brazilian isolates of the 
protozoan despite being geographically distant. 

 
15864. Galiza, G. J., Garcia, H. A., Assis, A. C., Oliveira, D. M., Pimentel, L. A., Dantas, A. 

F., Simoes, S. V., Teixeira, M. M. & Riet-Correa, F., 2011. High mortality and lesions 
of the central nervous system in trypanosomosis by Trypanosoma vivax in Brazilian hair 
sheep. Veterinary Parasitology, 182 (2-4): 359-363. 

 
Veterinary Hospital, CSTR, Federal University of Campina Grande, Patos, Paraiba 
58700-000, Brazil. [franklin.riet@pq.cnpq.br]. 

 
Here, we report an outbreak of Trypanosoma vivax-induced trypanosomosis in Brazilian 

hair sheep on a farm in Paraiba State, a non-endemic region in northeastern Brazil. Of 306 sheep, 
240 showed clinical signs and 216 died. Clinical signs included anorexia, lethargy, anaemia, 
rough hair coat, weight loss, submandibular oedema, abortion, and in some cases, neurological 
signs such as head pressing, lateral recumbence, paddling movements and muscle tremours. T. 
vivax was identified by blood smear analysis and the polymerase chain reaction (PCR). At 
necropsy, animals exhibited watery blood, pale tissue colouring, and the presence of liquid in the 
peritoneal cavity and pericardial sac. Histologically, nonsuppurative myocarditis and 
meningoencephalitis with areas of malacia were observed. After treatment, no parasites were 
detected by blood smear analysis or PCR. Cattle and buffalo that remained in the same pasture 
were also infected but presented with asymptomatic infections. Epidemiological data suggest that 
T. vivax was introduced to the farm and the susceptible flock by buffalos that were asymptomatic 
carriers of the infection; T. vivax was most likely transmitted by Tabanus spp. bites and also 
iatrogenically. 

 
15865. Habila, N., Inuwa, M. H., Aimola, I. A., Udeh, M. U. & Haruna, E., 2011. Pathogenic 
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mechanisms of Trypanosoma evansi infections. Research in Veterinary Science. E 
publication ahead of print, September 20. 

 
Department of Biochemistry, Ahmadu Bello University, Zaria 810001, Nigeria. 

 
Insect-borne diseases exact a high public health burden and have a devastating impact on 

livestock and agriculture. To date, control has proved to be exceedingly difficult. One such 
disease that has plagued sub-Saharan Africa is caused by the protozoan African trypanosomes 
(Trypanosoma species) and transmitted by tsetse flies (Diptera: Glossinidae). This presentation 
describes Trypanosoma evansi (T. evansi) which causes the disease known as trypanosomosis 
(surra) or trypanosomiasis. Several attempts have being made to unravel the clinical pathogenic 
mechanisms in T. evansi infections, yielding various reports which have implicated haemolysis 
associated with a decreased life span of erythrocytes and extensive erythrophagocytosis being 
among those that enjoy prominence. T. evansi generates adenosine triphosphate (ATP) from 
glucose catabolism which is required for the parasite’s motility and survival. Oxidation of the 
erythrocytes induces oxidative stress due to free radical generation. Lipid peroxidation of the 
erythrocytes causes membrane injury, osmotic fragility and destruction of the red blood cell 
(RBC) making anaemia a hallmark of the pathology of T. evansi infections. 

 
15866. Museux, K., Boulouha, L., Majani, S. & Journaux, H., 2011. African Trypanosoma 

infection in a dog in France. Veterinary Record, 168 (22): 590. 
 

Laboratoire IDEXX, 17 Jean Baptiste Preux, 94140 Alfortville, Paris, France. [kristina--
museux@idexx.com]. 

 
Short communication: no abstract 
 

15867. Ranjithkumar, M., Kamili, N. M., Saxena, A., Dan, A., Dey, S. & Raut, S. S., 2011. 
Disturbance of oxidant/antioxidant equilibrium in horses naturally infected with 
Trypanosoma evansi. Veterinary Parasitology, 180 (3-4): 349-353. 

 
Division of Medicine, Indian Veterinary Research Institute, Izatnagar 243 122, India. 
[sahadeb_dey@hotmail.com]. 
 

Oxidant/antioxidant equilibrium disturbance has already been reported in trypanosome 
infections by several authors. The present study was aimed to explore the possible 
oxidant/antioxidant disturbance in surra of naturally infected horses before and after treatment. 
Fifteen naturally infected horses were chosen to analyse erythrocytic indices, platelet counts, 
lipid peroxides (LPO), nitric oxide (NO), reduced glutathione (GSH), superoxide dismutase 
(SOD) and catalase (CAT) while six healthy animals acted as controls. There was a highly 
significant (p<0.001) reduction in red blood cell (RBC) count, haemoglobin (Hb), packed cell 
volume (PCV) and platelet levels and a significant reduction in mean corpuscular haemoglobin 
concentration (MCHC) (p<0.05) in infected animals. A highly significant increase in NO 
(p<0.001), a significant increase in LPO (p<0.05) and a significant decrease in GSH, SOD and 
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CAT (p<0.05) were also found. A negative correlation of RBC count with LPO (r=-0.844) and 
nitrate (r=-0.702) while a positive correlation with GSH (r=0.489), SOD (r=0.580) and CAT 
(r=0.689) was observed. All the animals were treated with quinapyramine sulphate (3mg/kg s.c.) 
only once. Nine animals recovered completely without any side effects. The recovered animals 
were monitored and samples were collected every seven days for up to 21 days and parameters 
were analysed. After treatment, a significant increase in haematological parameters was noticed 
whereas the oxidative indices varied without any statistical significance. To conclude, the 
increase in oxidant parameters and decrease in antioxidant enzymes in infected horses indicate 
disturbance of oxidant/antioxidant indices. There was a significant increase in post therapy 
haematological values, while the oxidant/antioxidant indices changed insignificantly indicating 
that antioxidants might supplement the therapeutic regimen. 

 
(c) TRYPANOTOLERANCE 

 
[See also 34: 16023]. 

 
15868. Orenge, C., Munga, L., Kimwele, C., Kemp, S., Korol, A., Gibson, J., Hanotte, O. & 

Soller, M., 2011. Expression of trypanotolerance in N'Dama x Boran crosses under field 
challenge in relation to N'Dama genome content. BMC Proceedings, 5 Suppl 4: S23. 

 
Department of Genetics, The Hebrew University of Jerusalem, 91904 Jerusalem, Israel. 
[soller@vms.huji.ac.il]. 

 
Animal trypanosomosis in sub-Saharan Africa is a major obstacle to livestock based 

agriculture. Control relies on drugs with increasing incidence of multiple-drug resistance. A 
previous mapping experiment in an F2 population derived from the indigenous trypanotolerant 
N'Dama cattle crossed to susceptible (Kenya)-Boran cattle under controlled challenge, uncovered 
a number of trypanotolerance QTL (T-QTL). The present study was to determine expression of 
N'Dama trypanotolerance in a backcross to the Boran under conditions of field challenge, and 
whether chromosomal regions associated with trypanotolerance in the F2 experiment showed 
similar effects in the BC population. 192 backcross animals to the Boran were produced in six 
batches from June 2001 to December 2006. At one year of age animals were moved to the field 
and exposed to natural challenge over about one year in southwest Kenya (Narok). The animals 
were individually recorded weekly for body weight, packed cell volume, parasitaemia score, and 
drug treatments, and were genotyped using 35 microsatellite markers spanning five 
chromosomes found in the F2 study to harbour T-QTL. The F1 were most trypanotolerant, Boran 
least, and BC intermediate. Females showed distinctly higher trypanotolerance than males. There 
was a positive correlation in the BC population between trypanotolerance and number of 
N'Dama origin marker alleles. QTL mapping revealed T-QTL distributed among all five targeted 
chromosomes, corresponding in part to the results obtained in the F2 experiment. It is concluded 
that N'Dama origin trypanotolerance is expressed in a BC population under field conditions in 
proportion to N'Dama origin marker alleles. Consequently, marker assisted selection in such 
populations may be a means of increasing trypanotolerance, while retaining the desirable 
productive qualities of the recurrent parent. 
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(d) TREATMENT 

 
[See also 34: 15832, 15837, 15946]. 

 
15869. Desquesnes, M., Kamyingkird, K., Vergne, T., Sarataphan, N., Pranee, R. & 

Jittapalapong, S., 2011. An evaluation of melarsomine hydrochloride efficacy for 
parasitological cure in experimental infection of dairy cattle with Trypanosoma evansi in 
Thailand. Parasitology, 138 (9): 1134-1142. 

 
Centre de Coopération Internationale en Recherche Agronomique pour le 
Développement (CIRAD), Montpellier, F-34000 France. [fvetspj@yahoo.com]. 
 

Melarsomine hydrochloride can cure Trypanosoma evansi infection in camels at a dose of 
0.25 mg/kg, but at that dose relapses occur in cattle. In our study, the efficacy of an 
intramuscular injection of melarsomine hydrochloride at 0.5 mg/kg was assessed in three normal 
and three splenectomized dairy cattle experimentally infected with a stock of T. evansi from 
Thailand. The animals were monitored for five months by haematocrit centrifugation, blood- or 
cerebrospinal fluid-mouse inoculation, polymerase chain reaction, the card agglutination test 
(CATT) for T. evansi, and the enzyme-linked immunosorbent assay. Parasitological and DNA 
tests became and remained negative just after treatment. By the end of the experiment, CATT 
was negative and ELISA scores were below or very close to the cut-off value. One of the 
splenectomized cattle died from anaplasmosis during the experiment, but tested negative for 
surra. It was concluded that the parasites had been cleared from the cattle, and that melarsomine 
hydrochloride at 0.5 mg/kg can be recommended for treatment against T. evansi infection in 
dairy cattle in Thailand. Further work is necessary to validate the efficacy of the treatment in the 
event of confirmed CSF-infection. 

 
15870. Gillingwater, K., Gutierrez, C., Bridges, A., Wu, H., Deborggraeve, S., Ekangu, R. 

A., Kumar, A., Ismail, M., Boykin, D. & Brun, R., 2011. Efficacy study of novel 
diamidine compounds in a Trypanosoma evansi goat model. PLoS One, 6 (6): e20836. 

 
Department of Medical Parasitology and Infection Biology, Swiss Tropical and Public 
Health Institute, Basel, Switzerland. [Reto.Brun@unibas.ch]. 

 
Three diamidines (DB 75, DB 867 and DB 1192) were selected and their ability to cure T. 

evansi in experimentally infected goats was investigated. A toxicity assessment and 
pharmacokinetic analysis of these compounds were additionally carried out. Goats demonstrated 
no signs of acute toxicity when treated with four doses of 1 mg/kg/day (total dose 4 mg/kg). 
Complete curative efficacy of experimentally infected goats was seen in the positive control 
group treated with diminazene at 5 mg/kg and in the DB 75 and DB 867 groups treated at 2.5 
mg/kg. Drug treatment was administered once every second day for a total of seven days. 
Complete cure was also seen in the group of goats treated with DB 75 at 1.25 mg/kg. DB 1192 
was incapable of curing goats at either four-times 2.5 mg/kg or 1.25 mg/kg. Pharmacokinetic 
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analysis clearly demonstrated that the treatment failures of DB 1192 were due to sub-therapeutic 
compound levels in goat plasma, whilst compound levels for DB 75 and DB 867 remained well 
within the therapeutic window. In conclusion, two diamidine compounds (DB 75 and DB 867) 
presented comparable efficacy at lower doses than the standard drug diminazene and could be 
considered as potential clinical candidates against T. evansi infection. 

 
15871. Mbaya, A. W., Nwosu, C. O. & Kumshe, H. A., 2011. Genital lesions in male red 

fronted gazelles (Gazella rufifrons) experimentally infected with Trypanosoma brucei 
and the effect of melarsamine hydrochloride (Cymelarsan®) and diminazene aceturate 
(Berenil®) in its treatment. Theriogenology, 76 (4): 721-728. 

 
Department of Veterinary Microbiology and Parasitology, Faculty of Veterinary 
Medicine, University of Maiduguri, Nigeria. [awmbaya@yahoo.com]. 

 
Thirty red fronted gazelles (Gazella rufifrons) were used to assess the genital lesions 

associated with trypanosomosis and the efficacy of melarsamine hydrochloride (Cymelarsan®) 
and diminazene aceturate (Berenil®) in the treatment of the condition. The animals were divided 
into six equal groups (A-F). Animals in groups A-E were infected with Trypanosoma brucei, and 
later treated on day 8 post infection (pi.) with either melarsamine hydrochloride (Cymelarsan®) 
at 0.3 mg/kg (Group A) and 0.6 mg/kg (Group B) or diminazene aceturate (Berenil®) at 3.5 
mg/kg (Group C) and 7.0 mg/kg (Group D). Animals in group E remained untreated while group 
F served as healthy controls. Parasitaemia was established by day 8 p.i. in all infected groups and 
eliminated by day 16 following treatment on day 8 p.i. with melarsamine hydrochloride 
(Cymelarsan®) (Groups A and B) or diminazene aceturate (Berenil®) (Group D). On the other 
hand, diminazene aceturate treatment (Berenil®) on day 8 p.i. at 3.5 mg/kg (Group C) caused a 
temporary disappearance of parasites from the circulation by day 16 p.i. but there was a relapse 
parasitaemia on day 44 with a peak count of 500 +/- 2.79 x 103 parasites/mµL of blood by day 52 
p.i. In the infected/untreated group (E), parasitaemia fluctuated but attained the same peak as 
Group C by day 52 p.i. Increase in body temperatures (40.5 +/- 3.16 - 42.8 +/- 3.25 0C) occurred 
during the first wave of parasitaemia but declined to pre-infection values from day 28 p.i. in 
Groups A, B and D. In Groups C and E, there was a second wave of parasitaemia (p < 0.05) with 
peak counts of 42.4 +/- 0.81 x 103/mµL and 41.8 +/- 0.80 x 103/mµL respectively by day 52 p.i. 
A significant (p < 0.05) decline in packed cell volume was also noted by day 52 p.i. The major 
clinical signs observed in Groups C and E were pyrexia, inappetance, emaciation, anaemia, 
dullness, starry hair coat, pallor of buccal and ocular mucous membranes. Similarly, in Groups C 
and E, the testicles appeared oedematous and painful to touch with degenerative changes, 
morphological sperm abnormalities and oligospermia with 2.0 percent and 0 percent sperm 
reserves respectively. Sperm reserve was 100 percent in Groups A, B and D. It is therefore, 
concluded that trypanosomosis can cause serious infertility in male red fronted gazelles and that 
early treatments with melarsamine hydrochloride (Cymelarsan®) at 0.3 and 0.6 mg/kg body 
weight or diminazene aceturate (Berenil®) at 7.0 mg/kg body weight may prevent such effects. 

 
15872. Sow, A., Sidibe, I., Bengaly, Z., Marcotty, T., Sere, M., Diallo, A., Vitouley, H. S., 

Nebie, R. L., Ouedraogo, M., Akoda, G. K., Van den Bossche, P., Van Den Abbeele, 
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J., De Deken, R. & Delespaux, V., 2011. Field detection of resistance to isometamidium 
chloride and diminazene aceturate in Trypanosoma vivax from the region of the Boucle 
du Mouhoun in Burkina Faso. Veterinary Parasitology. e Publication ahead of print, 23 
December. 

 
Centre International de Recherche-Développement sur l'Elevage en Zone subhumide 
(CIRDES), 01 BP 454, Bobo-Dioulasso 01, Burkina Faso; Pan African Tsetse and 
Trypanosomosis Eradication Campaign (PATTEC)/Projet de Création de Zones Libérées 
Durablement de Tsé-tsé et de Trypanosomoses (PCZLD), 01 BP 1087, Bobo-Dioulasso 
01, Burkina Faso. [vdelespaux@itg.be]. 

 
A longitudinal study assessed the chemoresistance to isometamidium chloride (ISM) and 

diminazene aceturate (DA) in the region of the Boucle du Mouhoun in Burkina Faso. A 
preliminary cross-sectional survey allowed the identification of the 10 villages with the highest 
parasitological prevalences (from 2.1 percent to 16.1 percent). In each of these 10 villages, two 
herds of approximately 50 bovines were selected, one being treated with ISM (1mg/kg b.w.) and 
the other remaining untreated as control group. All animals (treated and untreated herds) 
becoming infected were treated with DA (3.5mg/kg b.w.). In total, 978 head of cattle were 
followed up. Fortnightly controls of the parasitaemia and PCV were carried out during 8 weeks. 
The main trypanosome species was Trypanosoma vivax (83.6 percent) followed by Trypanosoma 
congolense  (16.4 percent). In two villages, less than 25 percent of the control untreated cattle 
became positive indicating no need to use prophylactic treatment. These two villages were not 
further studied. Resistance to ISM was observed in five of the remaining eight villages (Debe, 
Bendougou, Kangotenga, Mou and Laro) where the relative risk (control/treated hazard ratios) of 
becoming infected was lower than 2 i.e. between 0.89 (95 percent CI: 0.43-2.74) and 1.75 (95 
percent CI: 0.57-5.37). In contrast, this study did not show evidence of resistance to DA in the 
surveyed villages with only 8.6 percent (n=93) of the cattle relapsing after treatment. Our results 
suggest that because of the low prevalence of multiple resistances in the area a meticulous use of 
the sanative pair system would constitute the best option to delay as much as possible the spread 
of chemoresistance until complete eradication of the disease by vector control operations. 

 
 

7. EXPERIMENTAL TRYPANOSOMOSIS 
 

(a) DIAGNOSTICS 
 

 
15873. Checchi, F., Chappuis, F., Karunakara, U., Priotto, G. & Chandramohan, D., 2011. 

Accuracy of five algorithms to diagnose gambiense human African trypanosomiasis. 
PLoS Neglected Tropical Diseases, 5 (7): e1233. 

 
London School of Hygiene and Tropical Medicine, UK. 
[Francesco.checchi@lshtm.ac.uk]. 
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Algorithms to diagnose gambiense human African trypanosomiasis (HAT, sleeping 
sickness) are often complex due to the unsatisfactory sensitivity and/or specificity of available 
tests, and typically include a screening (serological), confirmation (parasitological) and staging 
component. There is insufficient evidence on the relative accuracy of these algorithms. This 
paper presents estimates of the accuracy of five algorithms used by past Médecins Sans 
Frontières programmes in the Republic of Congo, Southern Sudan and Uganda. The sequence of 
tests in each algorithm was programmed into a probabilistic model, informed by distributions of 
the sensitivity, specificity and staging accuracy of each test, constructed based on a literature 
review. The accuracy of algorithms was estimated in a baseline scenario and in a worst-case 
scenario introducing various near worst-case assumptions. In the baseline scenario, sensitivity 
was estimated as 85-90 percent in all but one algorithm, with specificity above 99.9 percent 
except for the Republic of Congo, where CATT serology was used as the independent 
confirmation test: here, positive predictive value (PPV) was estimated at <50 percent in realistic 
active screening prevalence scenarios. Furthermore, most algorithms misclassified about one 
third of true stage 1 cases as stage 2, and about 10 percent of true stage 2 cases as stage 1. In the 
worst-case scenario, sensitivity was 75-90 percent and PPV no more than 75 percent at 1 percent 
prevalence, with about half of stage 1 cases misclassified as stage 2. In conclusion, published 
evidence on the accuracy of widely used tests is scanty. Algorithms should carefully weigh the 
use of serology alone for confirmation, and could enhance sensitivity through serological suspect 
follow-up and repeat parasitology. Better evidence on the frequency of low-parasitaemia 
infections is needed. Simulation studies should guide the tailoring of algorithms to specific 
scenarios of HAT prevalence and availability of control tools. 

 
15874. Grab, D. J., Nikolskaia, O. V., Inoue, N., Thekisoe, O. M., Morrison, L. J., Gibson, 

W. & Dumler, J. S., 2011. Using detergent to enhance detection sensitivity of African 
trypanosomes in human CSF and blood by loop-mediated isothermal amplification 
(LAMP). PLoS Neglected Tropical Diseases, 5 (8): e1249. 

 
Department of Pathology, The Johns Hopkins University School of Medicine, Baltimore, 
Maryland, USA. [dgrab1@jhmi.edu]. 

 
The loop-mediated isothermal amplification (LAMP) assay, with its advantages of 

simplicity, rapidity and cost effectiveness, has evolved as one of the most sensitive and specific 
methods for the detection of a broad range of pathogenic microorganisms including African 
trypanosomes. While many LAMP-based assays are sufficiently sensitive to detect DNA well 
below the amount present in a single parasite, the detection limit of the assay is restricted by the 
number of parasites present in the volume of sample assayed; i.e. 1 per µL or 103 per mL. We 
hypothesized that clinical sensitivities which mimic analytical limits based on parasite DNA 
could be approached or even obtained by simply adding detergent to the samples prior to LAMP 
assay. For proof of principle we used two different LAMP assays capable of detecting 0.1 fg 
genomic DNA (0.001 parasite). The assay was tested on dilution series of intact bloodstream 
form Trypanosoma brucei rhodesiense in human cerebrospinal fluid (CSF) or blood with or 
without the addition of the detergent Triton X-100 and 60 min incubation at ambient 
temperature. With human CSF and in the absence of detergent, the LAMP detection limit for live 
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intact parasites using 1 µL of CSF as the source of template was at best 103 parasites/mL. 
Remarkably, detergent enhanced LAMP assay reaches sensitivity about 100 to 1 000-fold 
greater; i.e. 10 to 1 parasite/mL. Similar detergent-mediated increases in LAMP assay analytical 
sensitivity were also found using DNA extracted from filter paper cards containing blood pre-
treated with detergent before card spotting or blood samples spotted on detergent pre-treated 
cards. This simple procedure for the enhanced detection of live African trypanosomes in 
biological fluids by LAMP paves the way for the adaptation of LAMP for the economical and 
sensitive diagnosis of other protozoan parasites and microorganisms that cause diseases that 
plague the developing world. 

 
15875. Njiru, Z. K., Ouma, J. O., Bateta, R., Njeru, S. E., Ndungu, K., Gitonga, P. K., 

Guya, S. & Traub, R., 2011. Loop-mediated isothermal amplification test for 
Trypanosoma vivax based on satellite repeat DNA. Veterinary Parasitology, 180 (3-4): 
358-362. 
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Trypanosoma vivax is a major cause of animal trypanosomiasis and responsible for 

enormous economic burden in African and South American animal industry. T. vivax infections 
mostly run low parasitaemias with no apparent clinical symptoms, making diagnosis a challenge. 
This work reports the design and evaluation of a loop-mediated isothermal amplification 
(LAMP) test for detecting T. vivax DNA based on the nuclear satellite repeat sequence. The 
assay is rapid with results obtained within 35 min. The analytical sensitivity is approximately 1 
trypanosome/ml while that of the classical PCR tests ranged from 10 to 103  trypanosomes/ml. 
The T. vivax LAMP test reported here is simple, robust and has future potential in diagnosis of 
animal trypanosomiasis in the field. 

 
15876. Shiraishi, T., Deborggraeve, S., Buscher, P. & Nielsen, P. E., 2011. Sensitive detection 
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We have designed a pair of biotinylated peptide nucleic acid (PNA) probes targeting two 

sequences in 18S rRNA (from the parasite Trypanosoma brucei) at a distance of 191 nt 
(corresponding to maximum distance of ca. 60 nm) from each other. The PNA probes were 
individually bound to (strept)avidin-coated fluorescent beads, differing in size and colour [green 
beads (1 µcrom) and red beads (5.9 µcrom)], thereby allowing distinct detection of each PNA 
probe by conventional fluorescence microscopy. These two PNA beads showed easily detectable 
co-localization when simultaneously hybridizing to a target nucleic acid. The assay detected the 
parasite 18S rRNA down to 1.6 fmol while there was no such co-localization visible with human 
18S rRNA not containing the PNA targets. Furthermore, the assay showed positive detection 
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with 1.6 ng of total RNA (corresponding to RNA from ca. 300 parasites). Upon further 
optimization this method may provide a new tool for a diagnosis of human African 
trypanosomiasis (HAT) and it may more generally have applications within diagnostics for 
(neglected) infectious diseases. 

 
15877. Thuy, N. T., Goto, Y., Lun, Z. R., Kawazu, S. I. & Inoue, N., 2011. Tandem repeat 

protein as potential diagnostic antigen for Trypanosoma evansi infection. Parasitology 

Research. E Publication ahead of print, September 17. 
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Trypanosoma evansi infection (surra) causes significant losses in livestock production in 

tropical and sub-tropical areas. The current ELISA recommended by OIE for diagnosis of the 
disease is based on trypanosome lysate antigen. However, antigenic variation and the unstable 
nature of cell lysate antigen make it difficult to standardize the assay. Thus, there is a need to 
develop a recombinant antigen-based ELISA that improves stability, sensitivity, and specificity 
of the test. Since tandem repeat (TR) proteins of trypanosomatid parasites generally possess high 
antigenicity, they have been considered to be promising antigens for trypanosomosis and 
leishmaniosis. In this study, IgG responses against 14 recombinant TR proteins of trypanosomes 
were examined by ELISA. Serum samples were obtained from three water buffaloes 
experimentally infected with T. evansi. Since Trypanosoma congolense GM6 (TcoGM6) elicited 
the highest IgG responses to all water buffaloes, we further bioinformatically and molecular 
biologically identified Trypanosoma brucei brucei GM6 (TbbGM6) and T. evansi GM6 
(TeGM6) TR genes, respectively. As expected, predicted amino acid sequences of TbbGM6 and 
TeGM6 were identical while the nucleic acid sequence homology between TbbGM6 and 
TcoGM6 was 63.8 percent. All buffaloes became clearly positive in recombinant TbbGM6 
(rTbbGM6)-based ELISA at 48 days post-infection, suggesting that rTbbGM6 is usable as a 
serodiagnostic antigen for chronic T. evansi infections. 

 
15878. Van Nieuwenhove, L. C., Roge, S., Balharbi, F., Dieltjens, T., Laurent, T., Guisez, 

Y., Buscher, P. & Lejon, V., 2011. Identification of peptide mimotopes of Trypanosoma 
brucei gambiense variant surface glycoproteins. PLoS Neglected Tropical Diseases, 5 
(6): e1189. 
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The current antibody detection tests for the diagnosis of gambiense human African 

trypanosomiasis (HAT) are based on native variant surface glycoproteins (VSGs) of 
Trypanosoma brucei (T. b.) gambiense. These native VSGs are difficult to produce, and contain 
non-specific epitopes that may cause cross-reactions. We aimed to identify mimotopic peptides 
for epitopes of T. b. gambiense VSGs that, when produced synthetically, can replace the native 
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proteins in antibody detection tests. PhD.-12 and PhD.-C7C phage display peptide libraries were 
screened with mouse monoclonal antibodies against the predominant VSGs LiTat 1.3 and LiTat 
1.5 of T. b. gambiense. Thirty seven different peptide sequences corresponding to a linear LiTat 
1.5 VSG epitope and 17 sequences corresponding to a discontinuous LiTat 1.3 VSG epitope 
were identified. Seventeen of 22 synthetic peptides inhibited the binding of their homologous 
monoclonal to VSG LiTat 1.5 or LiTat 1.3. Binding of these monoclonal antibodies to 
respectively six and three synthetic mimotopic peptides of LiTat 1.5 and LiTat 1.3 was 
significantly inhibited by HAT sera (p<0.05). We successfully identified peptides that mimic 
epitopes on the native trypanosomal VSGs LiTat 1.5 and LiTat 1.3. These mimotopes might 
have potential for the diagnosis of human African trypanosomiasis but require further evaluation 
and testing with a large panel of HAT positive and negative sera. 

 
15879. Wombou Toukam, C. M., Solano, P., Bengaly, Z., Jamonneau, V. & Bucheton, B., 

2011. Experimental evaluation of xenodiagnosis to detect trypanosomes at low 
parasitaemia levels in infected hosts. Parasite, 18 (4): 295-302. 
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In human African trypanosomosis (HAT) endemic areas, there are a number of subjects 

that are positive to serological tests but in whom trypanosomes are difficult to detect with the 
available parasitological tests. In most cases and particularly in West Africa, these subjects 
remain untreated, thus posing a fundamental problem both at the individual level (because of a 
possible lethal evolution of the disease) and at the epidemiological level (since they are potential 
reservoirs of trypanosomes). Xenodiagnosis may constitute an alternative for this type of cases. 
The objective of this study was to update the use of xenodiagnosis to detect trypanosomes in 
infected host characterized by low parasitaemia levels. This was carried out experimentally by 
infecting cattle and pigs with Trypanosoma congolense and T. brucei gambiense respectively, 
and by feeding tsetse flies (Glossina morsitans submorsitans and G. palpalis gambiensis from 
the CIRDES colonies) on these animals at a time when the observed blood parasitaemia was low 
or undetectable by the classical microscopic parasitological tests used for the monitoring of 
infected animals. Our results showed that: i) the G. p. gambiensis colony at CIRDES could not 
be infected with the T. b. gambiense stocks used; ii) midgut infections of G. m. submorsitans 
were observed with both T. congolense and T. b. gambiense; iii) xenodiagnosis remains positive 
even at very low blood parasitaemia for both T. congolense and T. b. gambiense; and iv) to 
implement T. b. gambiense xenodiagnosis, batches of 20 G. m. submorsitans should be dissected 
two days after the infective meal. These results constitute a first step toward a possible 
implementation of xenodiagnosis to better characterize the parasitological status of seropositive 
individuals and the modalities of parasite transmission in HAT foci. 

 
(b) PATHOLOGY AND IMMUNOLOGY 

 
[See also 34: 15796, 15798, 15799, 15804, 15878, 15891, 15976, 15992, 16014, 16026, 16027, 
16033]. 
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15880. Batista, J. S., Rodrigues, C. M., Garcia, H. A., Bezerra, F. S., Olinda, R. G., 

Teixeira, M. M. & Soto-Blanco, B., 2011. Association of Trypanosoma vivax in 
extracellular sites with central nervous system lesions and changes in cerebrospinal fluid 
in experimentally infected goats. Veterinary Research, 42 (1): 63. 
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Changes in cerebrospinal fluid (CSF) and anatomical and histopathological central nervous 

system (CNS) lesions were evaluated, and the presence of Trypanosoma vivax in CNS tissues 
was investigated through PCR. Twelve adult male goats were divided into three groups (G): G1, 
infected with T. vivax and evaluated during the acute phase; G2, infected goats evaluated during 
the chronic phase; and G3, consisting of non-infected goats. Each goat from G1 and G2 was 
infected with 1.25 x 105 trypomastigotes. Cerebrospinal fluid (CSF) analysis and investigation of 
T. vivax was performed at the 15th day post-infection (dpi) in G1 goats and on the fifth day after 
the manifestation of nervous system infection signs in G2 goats. All goats were necropsied, and 
CNS fragments from G1 and G2 goats were evaluated by PCR for the determination of T. vivax. 
Hyperthermia, anaemia and parasitaemia were observed from the fifth dpi for G1 and G2, with 
the highest parasitaemia peak between the seventh and 21st dpi. Nervous system infection signs 
were observed in three G2 goats between the 30th and 35th dpi. CSF analysis revealed the 
presence of T. vivax for G2. Meningitis and meningoencephalitis were diagnosed in G2. PCR 
was positive for T. vivax in all the samples tested. In conclusion, T. vivax may reach the nervous 
tissue resulting in immune response from the host, which is the cause of progressive clinical and 
pathological manifestations of the CNS in experimentally infected goats. 

 
15881. Bockstal, V., Guirnalda, P., Caljon, G., Goenka, R., Telfer, J. C., Frenkel, D., 

Radwanska, M., Magez, S. & Black, S. J., 2011. T. brucei infection reduces B 
lymphopoiesis in bone marrow and truncates compensatory splenic lymphopoiesis 
through transitional B-cell apoptosis. PLoS Pathogens, 7 (6): e1002089. 
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African trypanosomes of the Trypanosoma brucei species are extracellular protozoan 

parasites that cause the deadly disease African trypanosomiasis in humans and contribute to the 
animal counterpart, nagana. Trypanosome clearance from the bloodstream is mediated by 
antibodies specific for their variant surface glycoprotein (VSG) coat antigens. However, T. 
brucei infection induces polyclonal B cell activation, B cell clonal exhaustion, sustained 
depletion of mature splenic marginal zone B (MZB) and follicular B (FoB) cells, and destruction 
of the B-cell memory compartment. To determine how trypanosome infection compromises the 
humoral immune defence system we used a C57BL/6 T. brucei AnTat 1.1 mouse model and 
multicolour flow cytometry to document B cell development and maturation during infection. 
Our results show a more than 95 percent reduction in B cell precursor numbers from the CLP, 
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pre-pro-B, pro-B, pre-B and immature B cell stages in the bone marrow. In the spleen, T. brucei 
induces extramedullary B lymphopoiesis as evidenced by significant increases in HSC-LMPP, 
CLP, pre-pro-B, pro-B and pre-B cell populations. However, final B cell maturation is abrogated 
by infection-induced apoptosis of transitional B cells of both the T1 and T2 populations which is 
not uniquely dependent on TNF-, Fas-, or prostaglandin-dependent death pathways. Results 
obtained from ex vivo co-cultures of living bloodstream form trypanosomes and splenocytes 
demonstrate that trypanosome surface coat-dependent contact with T1/2 B cells triggers their 
deletion. We conclude that infection-induced and possibly parasite-contact dependent deletion of 
transitional B cells prevents replenishment of mature B cell compartments during infection thus 
contributing to a loss of the host's capacity to sustain antibody responses against recurring 
parasitaemic waves. 

 
15882. Bosschaerts, T., Morias, Y., Stijlemans, B., Herin, M., Porta, C., Sica, A., 

Mantovani, A., De Baetselier, P. & Beschin, A., 2011. IL-10 limits production of 
pathogenic TNF by M1 myeloid cells through induction of nuclear NF-kappaB p50 
member in Trypanosoma congolense infection-resistant C57BL/6 mice. European 

Journal of Immunology, 41 (11): 3270-3280. 
 
Department of Molecular and Cellular Interactions, Vrije Universiteit Brussel, Brussels, 
Belgium. [abeschin@vub.ac.be]. 

 
A balance between parasite elimination and control of infection-associated pathogenicity is 

crucial for resistance to African trypanosomiasis. By producing TNF and NO, CD11b(+) 
myeloid cells with a classical activation status (M1) contribute to parasitaemia control in 
experimental Trypanosoma congolense  infection in resistant C57BL/6 mice. However, in these 
mice, IL-10 is required to regulate M1-associated inflammation, avoiding tissue/liver damage 
and ensuring prolonged survival. In an effort to dissect the mechanisms behind the anti-
inflammatory activity of IL-10 in T. congolense -infected C57BL/6 mice, using an antibody 
blocking the IL-10 receptor, we show that IL-10 impairs the accumulation and M1 activation of 
TNF/iNOS-producing CD11b(+) Ly6C(+) cells in the liver. Using infected IL-10(flox/flox) 
LysM-Cre(+/+) mice, we show that myeloid cell-derived IL-10 limits M1 activation of 
CD11b(+) Ly6C(+) cells specifically at the level of TNF production. Moreover, higher 
production of TNF in infected IL-10(flox/flox) LysM-Cre(+/+) mice is associated with reduced 
nuclear accumulation of the NF-kappaB p50 subunit in CD11b(+) M1 cells. Furthermore, in 
infected p50(-/-) mice, TNF production by CD11b(+) Ly6C(+) cells and liver injury increase. 
These data suggest that preferential nuclear accumulation of p50 represents an IL-10-dependent 
anti-inflammatory mechanism in M1-type CD11b(+) myeloid cells that regulates the production 
of pathogenic TNF during T. congolense  infection in resistant C57BL/6 mice. 

 
15883. Caljon, G., Caveliers, V., Lahoutte, T., Stijlemans, B., Ghassabeh, G. H., Van Den 

Abbeele, J., Smolders, I., De Baetselier, P., Michotte, Y., Muyldermans, S., Magez, 
S. & Clinckers, R., 2011. Analysis of blood-brain barrier permeability of monovalent 
nanobodies using microdialysis. British Journal of Pharmacology. DOI:10.1111/j.1476-
5381.2011.01723.x 
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Nanobodies are promising antigen-binding moieties for molecular imaging and therapeutic 

purposes due to their favourable pharmacological and pharmacokinetic properties. However, the 
capability of monovalent nanobodies to reach targets in the central nervous system (CNS) 
remains to be demonstrated. We have assessed the blood-brain barrier permeability of Nb_An33, 
a nanobody against the Trypanosoma brucei brucei variant-specific surface glycoprotein (VSG). 
This analysis was performed in healthy rats and in rats that were in the encephalitic stage of 
African trypanosomiasis using intracerebral microdialysis, single photon emission computed 
tomography (SPECT), or a combination of both methodologies. This enabled the quantification 
of unlabelled and Tc99m -labelled nanobodies using respectively a sensitive VSG-based 
nanobody-detection ELISA, radioactivity measurement in collected microdialysates, and SPECT 
image analysis. The combined read-out methodologies demonstrate that disposition of Nb_An33 
can be detected in the brain of healthy rats following intravenous injection and that 
inflammation-induced damage to the blood-brain barrier significantly increases the nanobody 
perfusion efficiency. We also illustrate the advantage of complementing SPECT analyses with 
intracerebral microdialysis in brain disposition studies and suggest that it is of interest to evaluate 
the blood-brain barrier penetrating potential of monovalent nanobodies in models of CNS-
inflammation. The presented data also suggest that fast blood clearance might hamper efficient 
targeting of specific nanobodies to the CNS. In conclusion, nanobodies can perfuse into the brain 
parenchyma, especially in pathological conditions where the blood-brain barrier integrity is 
compromised. 
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MacLeod, A., 2011. Differences between Trypanosoma brucei gambiense groups 1 and 
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The three sub-species of Trypanosoma brucei are important pathogens of sub-Saharan 

Africa. T. b. brucei is unable to infect humans due to sensitivity to trypanosome lytic factors 
(TLF) 1 and 2 found in human serum. T. b. rhodesiense and T. b. gambiense are able to resist 
lysis by TLF. There are two distinct sub-groups of T. b. gambiense that differ genetically and by 
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human serum resistance phenotypes. Group 1 T. b. gambiense have an invariant phenotype 
whereas group 2 shows variable resistance. Previous data indicated that group 1 T. b. gambiense 
are resistant to TLF-1 due in-part to reduced uptake of TLF-1 mediated by reduced expression of 
the TLF-1 receptor (the haptoglobin-haemoglobin receptor (HpHbR)) gene. Here we investigate 
if this is also true in group 2 parasites. Isogenic resistant and sensitive group 2 T. b. gambiense 
were derived and compared to other T. brucei parasites. Both resistant and sensitive lines express 
the HpHbR gene at similar levels and internalized fluorescently labelled TLF-1 in a similar 
fashion to T. b. brucei. Both resistant and sensitive group 2, as well as group 1 T. b. gambiense, 
internalize recombinant APOL1, but only sensitive group 2 parasites are lysed. Our data indicate 
that, despite group 1 T. b. gambiense avoiding TLF-1, it is resistant to the main lytic component, 
APOL1. Similarly group 2 T. b. gambiense is innately resistant to APOL1, which could be based 
on the same mechanism. However, group 2 T. b. gambiense variably displays this phenotype and 
expression does not appear to correlate with a change in expression site or expression of HpHbR. 
Thus there are differences in the mechanism of human serum resistance between T. b. gambiense 
groups 1 and 2. 
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Oxidative stress protection of trypanosomes requires selenophosphate synthase. 
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Selenoproteins are characterized by the incorporation of at least one amino acid 

selenocysteine (Sec-U) encoded by in-frame UGA stop codons. These proteins, as well as the 
components of the Sec synthesis pathway, are present in members of the bacteria, archaea and 
eukaryote domains. Although not a ubiquitous pathway in all organisms, it was also identified in 
several protozoa, including the Kinetoplastida. Genetic evidence has indicated that the pathway 
is non-essential to the survival of Trypanosoma growing in non-stressed conditions. By 
analysing the effects of RNA interference of the Trypanosoma brucei selenophosphate 
synthetase SPS2, we found a requirement under sub-optimal growth conditions. The present 
work shows that SPS2 is involved in oxidative stress protection of the parasite and its absence 
severely hampers the parasite survival in the presence of an oxidizing environment that results in 
an apoptotic-like phenotype and cell death. 
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Animal African trypanosomiasis is a major constraint to livestock productivity and has an 
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important impact on millions of people in developing African countries. This parasitic disease is 
caused mainly by Trypanosoma congolense and results in severe anaemia leading to animal 
death. In order to characterize potential targets for an anti-disease vaccine, we investigated a 
multigenic trans-sialidase family (TcoTS) in T. congolense. Sialidase and trans-sialidase 
activities were quantified for the first time, as well as the tightly regulated TcoTS expression 
pattern throughout the life cycle. Active enzymes were expressed in bloodstream form parasites 
and released into the blood during infection. Using genetic tools, we demonstrated a significant 
correlation between TcoTS silencing and impairment of virulence during experimental infection 
with T. congolense. Reduced TcoTS expression affected infectivity, parasitaemia and 
pathogenesis development. Immunization-challenge experiments using recombinant TcoTS 
highlighted their potential protective use in an anti-disease vaccine. 
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infected with Trypanosoma evansi. Parasitology, 138 (10): 1272-1277. 
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The aim of this study was to evaluate the activity of delta-aminolevulinate dehydratase 

(delta-ALA-D) in red blood cells of rats infected with Trypanosoma evansi and establish its 
association with haematocrit, serum levels of iron and zinc and lipid peroxidation. Thirty-six 
male rats (Wistar) were divided into two groups with 18 animals each. Group A was non-
infected while Group B was intraperitoneally infected, receiving 7.5x106 trypomastigotes per 
animal. Each group was divided into three subgroups of 6 rats and blood was collected during 
different periods post-infection (p.i.) as follows: day 5 (A1 and B1), day 15 (A2 and B2) and day 
30 PI (A3 and B3). Blood samples were collected by cardiac puncture to estimate red blood cell 
parameters (RBC), delta-ALA-D activity and serum levels of iron, zinc and thiobarbituric acid 
reactive substances (TBARS). Rats in group B showed a significant (p<0.05) reduction of RBC 
count, haemoglobin concentration and haematocrit at days 5 and 15 p.i. The activity of delta-
ALA-D in blood was significantly (p<0.001) increased at days 15 and 30 p.i. delta-ALA-D 
activity in blood had a significant (p<0.05) negative correlation with haematocrit (r=-0.61) and 
haemoglobin (r=-0.70) at day 15 p.i. There was a significant (p<0.05) decrease in serum iron and 
zinc levels and an increase in TBARS levels (p<0.05) during infection. The delta-ALA-D 
activity in blood was negatively correlated with the levels of iron (r=-0.68) and zinc (r=-0.57) on 
day 30 p.i. It was concluded that the increased activity of delta-ALA-D in blood might have 
occurred in response to the anaemia in remission as haeme synthesis was enhanced. 
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Human African trypanosomiasis is associated with metabolic changes which have not been 

well characterized. Chlorocebus aethiops were experimentally infected with Trypanosoma 
brucei rhodesiense and late-stage disease induced at 28 days post-infection. Ear prick blood for 
glucose determination and blood samples were obtained at weekly intervals for 56 days. Analysis 
was carried out using dry chemistry.. In early infection, there was a significant increase in 
creatine kinase, while during early and transitional stage of infection there was a significant 
decrease in glucose and high-density lipoprotein and an increase in triglyceride levels. In the late 
stage, there was a significant increase in both total cholesterol and LDL levels. Further 
investigations should focus on levels of total cholesterol during the follow-up period in 
curatively treated vervet monkeys. Apart from their importance in disease staging, the changes in 
lipids levels may also affect the pharmacokinetics of some trypanocides. 
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Trypanosomatids are protozoan parasites that cause human and animal disease. 

Trypanosoma brucei telomeric ESs (expression sites) contain genes that are critical for parasite 
survival in the bloodstream, including the VSG (variant surface glycoprotein) genes, used for 
antigenic variation, and the SRA (serum-resistance-associated) gene, which confers resistance to 
lysis by human serum. In addition, ESs contain ESAGs (expression-site-associated genes), 
whose functions, with few exceptions, have remained elusive. A bioinformatic analysis of the 
ESAG5 gene of T. brucei showed that it encodes a protein with two BPI 
(bactericidal/permeability-increasing protein)/LBP (lipopolysaccharide-binding protein)/PLUNC 
(palate, lung and nasal epithelium clone)-like domains and that it belongs to a multigene family 
termed (GR)ESAG5 (gene related to ESAG5). Members of this family are found with various 
copy number in different members of the Trypanosomatidae family. T. brucei has an expanded 
repertoire, with multiple ESAG5 copies and at least five GRESAG5 genes. In contrast, the 
parasites of the genus Leishmania, which are intracellular parasites, have only a single 
GRESAG5 gene. Although the amino acid sequence identity between the (GR)ESAG5 gene 
products between species is as low as 15-25 percent, the BPI/LBP/PLUNC-like domain 
organization and the length of the proteins are highly conserved, and the proteins are predicted to 
be membrane-anchored or secreted. Current work focuses on the elucidation of possible roles for 
this gene family in infection. This is likely to provide novel insights into the evolution of the 
BPI/LBP/PLUNC-like domains. 
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factor-1 in Trypanosoma brucei brucei. Molecular & Biochemical Parasitology. E 
Publication ahead of print, 29 December. 

 
Department of Biochemistry and Molecular Biology, University of Georgia, Athens, GA 
30602, USA. [shajduk@bmb.uga.edu]. 

 
Human high-density lipoproteins (HDLs) play an important role in human innate immunity 

to infection by African trypanosomes with a minor subclass, Trypanosome lytic factor-1 (TLF-
1), displays highly selective cytotoxicity to the veterinary pathogen Trypanosoma brucei brucei 
but not against the human sleeping sickness pathogens Trypanosoma brucei gambiense or 
Trypanosoma brucei rhodesiense. T. b. rhodesiense has evolved the serum resistance associated 
protein (SRA) that binds and confers resistance to TLF-1 while T. b. gambiense lacks the gene 
for SRA indicating that these parasites have diverse mechanisms of resistance to TLF-1. 
Recently, we have shown that T. b. gambiense (group 1) resistance to TLF-1 correlated with the 
loss of the haptoglobin/haemoglobin receptor (HpHbR) expression, the protein responsible for 
high affinity binding and uptake of TLF-1. In the course of these studies we also examined TLF-
1 resistant T. b. brucei cell lines, generated by long-term in vitro selection. We found that 
changes in TLF-1 susceptibility in T. b. brucei correlated with changes in variant surface 
glycoprotein (VSG) expression in addition to reduced TLF-1 binding and uptake. To determine 
whether the expressed VSG or expression site associated genes (ESAGs) contribute to TLF-1 
resistance we prepared a TLF-1 resistant T. b. brucei with a selectable marker in a silent 
bloodstream expression site (BES). Drug treatment allowed rapid selection of trypanosomes that 
activated the tagged BES. These studies show that TLF-1 resistance in T. b. brucei is largely 
independent of the expressed VSG or ESAGs further supporting the central role of HpHbR 
expression in TLF-1 susceptibility in these cells. 

 
15891. Kim, H. S. & Cross, G. A., 2011. Identification of Trypanosoma brucei RMI1/BLAP75 

homologue and its roles in antigenic variation. PLoS One, 6 (9): e25313. 
 

Laboratory of Molecular Parasitology, The Rockefeller University, New York, USA. 
[george.cross@rockefeller.edu]. 

 
At any time, each cell of the protozoan parasite Trypanosoma brucei expresses a single 

species of its major antigenic protein, the variant surface glycoprotein (VSG), from a repertoire 
of >2 000 VSG genes and pseudogenes. The potential to express different VSGs by transcription 
and recombination allows the parasite to escape the antibody-mediated host immune response, a 
mechanism known as antigenic variation. The active VSG is transcribed from a sub-telomeric 
polycistronic unit called the expression site (ES), whose promoter is 40-60 kb upstream of the 
VSG. While the mechanisms that initiate recombination remain unclear, the resolution phase of 
these reactions results in the recombinational replacement of the expressed VSG with a donor 
from one of three distinct chromosomal locations; sub-telomeric loci on the 11 essential 
chromosomes, on mini chromosomes, or at telomere-distal loci. Depending on the type of 
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recombinational replacement (single or double crossover, duplicative gene conversion, etc.), 
several DNA-repair pathways have been thought to play a role. Here we show that VSG 
recombination relies on at least two distinct DNA-repair pathways, one of which requires RMI1-
TOPO3alpha to suppress recombination and one that is dependent on RAD51 and RMI1. These 
genetic interactions suggest that both RAD51-dependent and RAD51-independent recombination 
pathways operate in antigenic switching and that trypanosomes differentially utilize 
recombination factors for VSG switching, depending on currently unknown parameters within 
the ES. 

 
15892. Lu, W., Wei, G., Pan, W. & Tabel, H., 2011. Trypanosoma congolense infections: 

induced nitric oxide inhibits parasite growth in vivo. Journal of Parasitology Research, 
2011: 316067. 

 
College of Animal Science and Technology, Jilin Agricultural University, Changchun 
130118, China. 

 
Wild-type (WT) C57BL/6 mice infected intraperitoneally with 5 x 106 Trypanosoma 

congolense survive for more than 30 days. C57BL/6 mice deficient in inducible nitric oxide 
synthase (iNOS(-/-)) and infected with 103 or 5 x 106 parasites do not control the parasitaemia 
and survive for only 14 +/- 7 or 6.8 +/- 0.1 days, respectively. Bloodstream trypanosomes of 
iNOS(-/-) mice infected with 5 x 106 

T. congolense  had a significantly higher ratio of organisms 
in the S+G2+M phases of the cell cycle than trypanosomes in WT mice. We have reported that 
IgM anti-VSG-mediated phagocytosis of T. congolense by macrophages inhibits nitric oxide 
(NO) synthesis via CR3 (CD11b/CD18). Here, we show that during the first parasitaemia, but 
not at later stages of infection, T. congolense -infected CD11b(-/-) mice produce more NO and 
have a significantly lower parasitaemia than infected WT mice. We conclude that induced NO 
contributes to the control of parasitaemia by inhibiting the growth of the trypanosomes. 

 
15893. Paim, F. C., Da Silva, A. S., Wolkmer, P., Costa, M. M., Da Silva, C. B., Paim, C. B., 

Oliveira, M. S., Silva, L. F., Mello, C. F., Monteiro, S. G., Mazzanti, C. M. & Lopes, 
S. T., 2011. Trypanosoma evansi: concentration of 3-nitrotyrosine in the brain of infected 
rats. Experimental Parasitology, 129 (1): 27-30. 

 
Laboratory of Veterinary Clinical Analysis-LACVet, Federal University of Santa Maria, 
97105-900 Santa Maria, RS, Brazil. [franchimelo@gmail.com]. 

 
Nitric oxide (NO) is involved in many physiological processes, such as blood pressure 

control, neurotransmission, inhibition of platelet and neutrophil adherence, and the ability to kill 
tumour cells and parasites. The indirect determination of NO can be made by detection of 3-
nitrotyrosine (3-NT) residues. The aim of this study was to measure the concentration of 3-NT in 
the brain of rats experimentally infected with Trypanosoma evansi. Twenty-four rats were 
inoculated intraperitoneally with cryopreserved blood containing 1x106 trypomastigotes per 
animal. Twenty-four animals were used as negative controls and received 0.2 mL of saline by the 
same route. The experimental groups (group C and T) were established according to the time 
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after infection and the degree of parasitaemia as follows: four control subgroups (C3, C5, C10 
and C20) with six non-inoculated animals each and four test subgroups (T3, T5, T10 and T20) 
with six animals infected with T. evansi in each group. The animals were anesthetized with 
isoflurane and subsequently euthanized at days 3 (C3, T3), 5 (C5, T5), 10 (C10, T10) and 20 
(C20, T20) post-infection (PI). The brain was removed and dissected into cerebellum, cerebral 
cortex, striatum and hippocampus. Concentration of 3-NT in the brain was determined by the slot 
blot technique. At day 3 PI no changes were observed in the concentration of 3-NT among the 
groups. There was a significant reduction (p<0.05) of 3-NT concentration in the striatum and 
cerebellum at the days 5 and 10 PI, respectively. At day 20 PI a significant increase (p<0.05) of 
3-NT was observed in the cerebellum, cerebral cortex and hippocampus from the infected 
animals. Therefore, T. evansi infection caused changes in the concentrations of 3-NT in the 
central nervous system (CNS), which may be related to clinical signs and infection management. 

 
15894. Paim, F. C., Duarte, M. M., Costa, M. M., Da Silva, A. S., Wolkmer, P., Silva, C. B., 

Paim, C. B., Franca, R. T., Mazzanti, C. M., Monteiro, S. G., Krause, A. & Lopes, S. 
T., 2011. Cytokines in rats experimentally infected with Trypanosoma evansi. 
Experimental Parasitology, 128 (4): 365-370. 

 
Laboratory of Veterinary Clinical Analysis-LACVet, Federal University of Santa Maria, 
97105-900 Santa Maria, RS, Brazil. [franchimelo@gmail.com]. 

 
The aim of this study was to measure the levels of interferon-gamma (IFN-gamma), 

tumour necrosis factor-alpha (TNF-alpha), interleukin 1 (IL-1) and interleukin 6 (IL-6) in the 
serum of rats experimentally infected with Trypanosoma evansi and to correlate these levels with 
haematological parameters. Initially, 48 rats (group T) were intraperitoneally inoculated with 
cryopreserved blood containing 1x106 trypomastigotes per animal. Twenty-eight animals (group 
C) were used as negative controls and received 0.2 mL of saline by the same route. The 
experimental groups were formed according to the time after infection and the degree of 
parasitaemia as follows: four control subgroups (C3, C5, C10 and C20) with seven non-
inoculated animals each and four test subgroups (T3, T5, T10 and T20) with 10 animals each 
inoculated with T. evansi. The blood samples were collected by cardiac puncture at days 3 (C3, 
T3), 5 (C5, T5), 10 (C10, T10) and 20 (C20, T20) post-infection (PI) to perform the complete 
blood count and the determination of IFN-gamma, TNF-alpha, IL-1 and IL-6 levels using an 
quantitative sandwich ELISA. Infected rats showed normocytic normochromic anaemia during 
the experimental period. T. evansi infection in rats caused a serum increase (p<0.01) of IFN-
gamma, TNF-alpha, IL-1 and IL-6 levels at days 3, 5, 10 and 20 PI compared to the controls. 
The multiple linear regressions showed a reduction of 24 percent in the haematocrit as a 
consequence of the increased IFN-gamma, TNF-alpha and IL-1. Therefore, we conclude that the 
infection caused by T. evansi causes an increase in the pro-inflammatory cytokines. These results 
suggest a synergism among IL-1, TNF-alpha and IFN-gamma contributing to the development of 
anaemia. This increase is associated with the regulation of immune responses against the 
parasite. 

 
15895. Rudenko, G., 2011. African trypanosomes: the genome and adaptations for immune 
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evasion. Essays in Biochemistry, 51: 47-62. 
 

Division of Cell and Molecular Biology, Sir Alexander Fleming Building, Imperial 
College London, Imperial College Road, South Kensington, London SW72AZ, UK. 
[gloria.rudenko@imperial.ac.uk]. 

 
The African trypanosome Trypanosoma brucei is a flagellated unicellular parasite 

transmitted by tsetse flies that causes African sleeping sickness in sub-Saharan Africa. 
Trypanosomes are highly adapted for life in the hostile environment of the mammalian 
bloodstream, and have various adaptations to their cell biology that facilitate immune evasion. 
These include a specialized morphology, with most nutrient uptake occurring in the privileged 
location of the flagellar pocket. In addition, trypanosomes show extremely high rates of 
recycling of a protective VSG (variant surface glycoprotein) coat, whereby host antibodies are 
stripped off of the VSG before it is re-used. VSG recycling therefore functions as a mechanism 
for cleaning the VSG coat, allowing trypanosomes to survive in low titres of anti-VSG 
antibodies. Lastly, T. brucei has developed an extremely sophisticated strategy of antigenic 
variation of its VSG coat allowing it to evade host antibodies. A single trypanosome has more 
than 1 500 VSG genes, most of which are located in extensive silent arrays. Strikingly, most of 
these silent VSGs are pseudogenes, and we are still in the process of trying to understand how 
non-intact VSGs are recombined to produce genes encoding functional coats. Only one VSG is 
expressed at a time from one of approximately 15 telomeric VSG ES (expression site) 
transcription units. It is becoming increasingly clear that chromatin remodelling must play a 
critical role in ES control. Hopefully, a better understanding of these unique trypanosome 
adaptations will eventually allow us to disrupt their ability to multiply in the mammalian 
bloodstream. 

 
15896. Tonin, A. A., Da Silva, A. S., Carvalho, N. R., Jaques, J. A., Thome, G. R., 

Bertoncheli, C. M., Schetinger, M. R., Graca, D. L., de Rue, M. L., Lopes, S. T. & 
Monteiro, S. G., 2011. Trypanosoma evansi: Ca2+ ATPase activity and lipid 
peroxidation in skeletal muscle from rats experimentally infected. Experimental 

Parasitology, 128 (4): 377-381. 
 

Department of Microbiology and Parasitology, Universidade Federal de Santa Maria, 
Brazil. [tonin_alexandre@yahoo.com.br]. 

 
The aim of this study was to evaluate Ca2+ ATPase activity and the lipid peroxidation in 

muscles from rats experimentally infected by Trypanosoma evansi and their roles in the muscle 
pathogenesis in trypanosomosis. Thirty-six rats were divided in two groups. Group A was 
infected with an isolate from T. evansi and group B was used as a negative control. Group A was 
divided into three subgroups (A1, A2 and A3), three animals each group, as well as group B (B1, 
B2 and B3). The collection of samples was performed at days 5 (A1 and B1), 15 (A2 and B2) 
and 30 (A3 and B3) post-infection (PI) for the purpose of comparing healthy and infected rats in 
the course of the disease. The Ca2+ ATPase enzyme activity was determined in skeletal muscle 
samples. Muscle tissue lipid peroxidation was determined by TBARS (thiobarbituric acid 
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reactive substances) levels and histopathologically to investigate possible damage to the muscle 
tissue of rats infected with T. evansi. A significant decrease of Ca2+ ATPase activity was 
recorded in infected rats compared to non-infected. This enzymatic inhibition was observed at 
days 5, 15 and 30 PI. A significant increase was observed for TBARS levels in the muscles of 
infected rats at days 5, 15 and 30 PI.  No histological alterations were identified in the 
gastrocnemius in rats infected by T. evansi at days 5 and 15 PI. Nevertheless, at day 30 PI an 
inflammatory infiltrate with mononuclear cells was identified between muscle fibres in three 
infected rats (50 percent). T. evansi infections in rats showed a negative correlation between Ca2+ 
ATPase and TBARS levels. Based on these results we suggest that the leg weakness and muscle 
injuries common in infected animals with T. evansi may be related to a reduced activity of Ca2+ 
ATPase and oxidative stress. 

 
15897. Untucht, C., Rasch, J., Fuchs, E., Rohde, M., Bergmann, S. & Steinert, M., 2011. An 

optimized in vitro blood-brain barrier model reveals bidirectional transmigration of 
African trypanosome strains. Microbiology, 157 (Pt 10): 2933-2941. 

 
Institut fur Mikrobiologie, Technische Universitat Braunschweig, Braunschweig, 
Germany. [m.steinert@tu-bs.de]. 

 
The transmigration of African trypanosomes across the human blood-brain barrier (BBB) 

is the critical step during the course of human African trypanosomiasis. The parasites 
Trypanosoma brucei gambiense and T. b. rhodesiense are transmitted to humans during the bite 
of tsetse flies. Trypanosomes multiply within the bloodstream and finally invade the central 
nervous system (CNS), which leads to the death of untreated patients. This project focused on 
the mechanisms of trypanosomal traversal across the blood-brain barrier (BBB). In order to 
establish a suitable in vitro BBB model for parasite transmigration, different human cell lines 
were used, including ECV304, HBMEC and HUVEC, as well as C6 rat astrocytes. Validation of 
the BBB models with Escherichia coli HB101 and E. coli K1 revealed that a combination of 
ECV304 cells seeded on Matrigel as a semi-synthetic basement membrane and C6 astrocytes 
resulted in an optimal BBB model system. The BBB model showed selective permeability for 
the pathogenic E. coli K1 strain, and African trypanosomes were able to traverse the optimized 
ECV304-C6 BBB efficiently. Furthermore, coincubation indicated that paracellular macrophage 
transmigration does not facilitate trypanosomal BBB traversal. An inverse assembly of the BBB 
model demonstrated that trypanosomes were also able to transmigrate the optimized ECV304-C6 
BBB backwards, indicating the relevance of the CNS as a possible reservoir of a relapsing 
parasitaemia. 

 
 

(c) CHEMOTHERAPEUTICS 
 

[See also 34: 15964, 15975, 15979, 15998]. 
 

15898. Abiodun, O. O., Gbotosho, G. O., Ajaiyeoba, E. O., Brun, R. & Oduola, A. M., 2011. 
Antitrypanosomal activity of some medicinal plants from Nigerian ethnomedicine. 
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Parasitology Research, 110 (2): 521-526. 
 

Department of Pharmacology and Therapeutics, University of Ibadan, Ibadan, Nigeria. 
[oyinoduola@yahoo.co.uk]. 

 
Human African trypanosomiasis is a neglected tropical disease with complex clinical 

presentation, diagnosis, and difficult treatment. The available drugs for the treatment of 
trypanosomiasis are old, expensive, and less effective, associated with severe adverse reactions 
and face the problem of drug resistance. This situation underlines the urgent need for the 
development of new, effective, cheap, and safe drugs for the treatment of trypanosomiasis. The 
search for new antitrypanosomal agents in this study is based on ethnomedicine. In vitro 
antitrypanosomal activity of 36 plant extracts from 10 plant species from Nigerian 
ethnomedicine was evaluated against bloodstream forms of Trypanosoma brucei rhodesiense 
STIB 900. Cytotoxic activity was determined against mammalian L6 cells. Alamar blue assay 
was used to measure the endpoint of both antitrypanosomal and toxicity assays. The ethyl 
acetate extract of leaves of Ocimum gratissimum Linn. (Labiatae) showed the highest 
antitrypanosomal activity (IC50 of 2.08 +/- 0.01 µg/ml) and a high selective index of 29. 
Furthermore, the hexane, ethyl acetate, or methanol extracts of Trema orientalis (L.) Blume 
(Ulmaceae), Pericopsis laxiflora (Benth. ex Baker) Meeuwen, Jatropha curcas Linn. 
(Euphorbiaceae), Terminalia catappa Linn. (Combretaceae), and Vitex doniana Sweet 
(Verbenaceae) displayed remarkable antitrypanosomal activity (IC50 2.1-17.2 µg/ml) with high 
selectivity indices (20-80) for trypanosomes. The antitrypanosomal activity of T. catappa and T. 

orientalis against T. brucei rhodesiense (STIB 900) is being reported for the first time in 
Nigerian ethnomedicine, and these plants could be a potential source of antitrypanosomal 
agents. 

 
15899. Arafa, R. K., Wenzler, T., Brun, R., Chai, Y. & Wilson, W. D., 2011. Molecular 

modelling study and synthesis of novel dicationic flexible triaryl guanidines and 
imidamides as antiprotozoal agents. European Journal of Medicinal Chemistry, 46 (12): 
5852-5860. 

 
Department of Pharmaceutical Chemistry, Faculty of Pharmacy, Cairo University, Kasr 
El-Aini St., 11562, Cairo, Egypt. [rkarafa@cu.edu.eg]. 

 
A new series of fourteen dicationic flexible triaryl bis-guanidines 3a,b, bis-N-substituted 

guanidines 7a,b and 8a,b as well as bis-imidamides 9-12a,b having a 1,3- or 1,4-
diphenoxybenzene scaffold backbone were synthesized. The in vitro activity of the novel 
dications as antiprotozoal agents against Trypanosoma brucei rhodesiense (T. b. r.) and 
Plasmodium falciparum (P. f.) was assessed. Interestingly, six of the newly synthesized dications 
viz 3a,b, 7a,b and 8a,b were more active against P. f. than the reference drug pentamidine. Also, 
some of the dications showed moderate antitrypanosomal activity. Thermal melting analysis of 
the novel dications was performed to determine their ligand-DNA relative binding affinities. 
Finally, docking of the dications with an AT rich DNA oligonucleotide was executed to 
understand their binding mode with the minor groove. 
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15900. Barat, C., Pepin, J. & Tremblay, M. J., 2011. HIV-1 replication in monocyte-derived 

dendritic cells is stimulated by melarsoprol, one of the main drugs against human African 
trypanosomiasis. Journal of Molecular Biology, 410 (5): 1052-1064. 

 
Centre de Recherche en Infectiologie, Centre Hospitalier Universitaire de Québec-
CHUL; Departement de Microbiologie-Infectiologie et Immunologie, Faculté de 
Médecine, Université Laval, Québec (QC), Canada. 
[michel.j.tremblay@crchul.ulaval.ca]. 

 
Human African trypanosomiasis (HAT) is a disease caused by the protozoan parasite 

Trypanosoma brucei, the causative agent of sleeping sickness that is still endemic in well-
defined regions of sub-Saharan Africa. Co-infections with this human pathogen and human 
immunodeficiency virus (HIV) are not uncommon, but their potential interaction has been little 
studied. The organo-arsenical drug melarsoprol has been widely used for the treatment of late 
stage trypanosomiasis since the early 1950s and is still widely used despite very serious adverse 
effects. Because arsenic trioxide, another trivalent arsenical structurally related to melarsoprol, 
has been shown to markedly increase HIV replication in dendritic cells (DCs), we tested the 
effect of melarsoprol on virus replication in various primary human immune cell types, including 
DCs. We show here that this medicinal drug stimulates the replication of several strains of HIV-
1, specifically in monocyte-derived DCs, and also renders such cells susceptible to HIV-2 
infection. The drug acts mainly through an increase in the efficacy of the reverse transcription 
process, and this effect is mediated, at least partly, by an inhibition of expression of the cellular 
restriction factor APOBEC3G. These observations raise concerns about the harmful effect that 
melarsoprol might exert on the natural history of HIV in co-infected patients and on virus 
transmission. 

 
15901. Bero, J., Hannaert, V., Chataigne, G., Herent, M. F. & Quetin-Leclercq, J., 2011. In 

vitro antitrypanosomal and antileishmanial activity of plants used in Benin in traditional 
medicine and bio-guided fractionation of the most active extract. Journal of 

Ethnopharmacology, 137 (2): 998-1002. 
 

Université catholique de Louvain, Louvain Drug Research Institute, Pharmacognosy 
Research Group, Avenue E. Mounier, 72, B-1200 Brussels, Belgium. 
[joanne.bero@uclouvain.be]. 

 
The aim of the study was to evaluate the in vitro antitrypanosomal and antileishmanial 

activity of crude extracts of 10 plant species traditionally used in Benin to treat parasitic 
infections. For each species, dichloromethane, methanol and aqueous extracts were tested. Their 
antitrypanosomal and antileishmanial activities were evaluated in vitro on Trypanosoma brucei 
brucei (strain 427) (Tbb) and on promastigotes of Leishmania mexicana mexicana 
(MHOM/BZ/84/BEL46) (Lmm). The best growth inhibition was observed with the 
dichloromethane extracts of aerial parts of Acanthospermum hispidum DC. (Asteraceae) 
(IC50=14.5 µg/ml on Tbb and 11.1 µg/ml on Lmm), twigs of Keetia leucantha (K. Krause) 
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Bridson (syn. Plectronia leucantha Krause) (IC50=5.8 µg/ml on Tbb), aerial parts of Byrsocarpus 

coccineus Schumach & Thonn (syn. Rourea coccinea (Schumach. & Thonn.) Hook.f.) 
(IC50=14.7 µg/ml on Tbb) and aerial parts of Carpolobia lutea G.Don. (IC50=18.3 µg/ml on Tbb). 
All these extracts had a low cytotoxicity. It is not the case for the methanolic and water extracts 
of roots of Anchomanes difformis (Blume) Engl. (IC50=14.7 and 13.8 µg/ml on Tbb) which were 
toxic at the same concentration range on WI38, human cells. A bio-guided fractionation of the 
most active extract of Keetia leucantha enabled identification of oleanolic acid and ursolic acid 
as responsible for the observed activities. Our study gives some justification for antiparasitic 
activity of some investigated plants. 

 
15902. Bilsland, E., Pir, P., Gutteridge, A., Johns, A., King, R. D. & Oliver, S. G., 2011. 

Functional expression of parasite drug targets and their human orthologues in yeast. 
PLoS Neglected Tropical Diseases, 5 (10): e1320. 

 
Department of Biochemistry and Cambridge Systems Biology Centre, University of 
Cambridge, Cambridge, UK. [sgo24@cam.ac.uk]. 

 
The exacting nutritional requirements and complicated life cycles of parasites mean that 

they are not always amenable to high-throughput drug screening using automated procedures. 
Therefore, we have engineered the yeast Saccharomyces cerevisiae to act as a surrogate for 
expressing anti-parasitic targets from a range of biomedically important pathogens, to facilitate 
the rapid identification of new therapeutic agents. Using pyrimethamine/dihydrofolate reductase 
(DHFR) as a model parasite drug/drug target system, we explore the potential of engineered 
yeast strains (expressing DHFR enzymes from Plasmodium falciparum, P. vivax, Homo sapiens, 

Schistosoma mansoni, Leishmania major, Trypanosoma brucei and T. cruzi) to exhibit 
appropriate differential sensitivity to pyrimethamine. Here, we demonstrate that yeast strains 
(lacking the major drug efflux pump, Pdr5p) expressing yeast ((Sc)DFR1), human ((Hs)DHFR), 
Schistosoma ((Sm)DHFR), and Trypanosoma ((Tb)DHFR and (Tc)DHFR) DHFRs are 
insensitive to pyrimethamine treatment, whereas yeast strains producing Plasmodium ((Pf)DHFR 
and (Pv)DHFR) DHFRs are hypersensitive. Reassuringly, yeast strains expressing field-verified, 
drug-resistant mutants of P. falciparum DHFR ((Pf)dhfr(51I,59R,108N)) are completely 
insensitive to pyrimethamine, further validating our approach to drug screening. We further show 
the versatility of the approach by replacing yeast essential genes with other potential drug 
targets, namely phosphoglycerate kinases (PGKs) and N-myristoyl transferases (NMTs). In 
conclusion, we have generated a number of yeast strains that can be successfully harnessed for 
the rapid and selective identification of urgently needed anti-parasitic agents. 

 
15903. Bland, N. D., Wang, C., Tallman, C., Gustafson, A. E., Wang, Z., Ashton, T. D., 

Ochiana, S. O., McAllister, G., Cotter, K., Fang, A. P., Gechijian, L., Garceau, N., 
Gangurde, R., Ortenberg, R., Ondrechen, M. J., Campbell, R. K. & Pollastri, M. P., 
2011. Pharmacological validation of Trypanosoma brucei phosphodiesterases B1 and B2 
as druggable targets for African sleeping sickness. Journal of Medicinal Chemistry, 54 
(23): 8188-8194. 
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Marine Biological Laboratory, Josephine Bay Paul Center for Comparative Molecular 
Biology and Evolution, Woods Hole, Massachusetts 02543, USA. 

 
Neglected tropical disease drug discovery requires application of pragmatic and efficient 

methods for development of new therapeutic agents. In this report, we describe our target 
repurposing efforts for the essential phosphodiesterase (PDE) enzymes TbrPDEB1 and 
TbrPDEB2 of Trypanosoma brucei, the causative agent for human African trypanosomiasis 
(HAT). We describe protein expression and purification, assay development, and benchmark 
screening of a collection of 20 established human PDE inhibitors. We disclose that the human 
PDE4 inhibitor piclamilast, and some of its analogues, show modest inhibition of TbrPDEB1 and 
B2 and quickly kill the bloodstream form of the subspecies T. brucei brucei. We also report the 
development of a homology model of TbrPDEB1 that is useful for understanding the compound-
enzyme interactions and for comparing the parasitic and human enzymes. Our profiling and early 
medicinal chemistry results strongly suggest that human PDE4 chemotypes represent a better 
starting point for optimization of TbrPDEB inhibitors than those that target any other human 
PDEs. 

 
15904. Bolognesi, M. L., 2011. Multi-target-directed ligands as innovative tools to combat 

trypanosomatid diseases. Current Topics in Medicinal Chemistry, 11 (22): 2824-2833. 
 

Department of Pharmaceutical Sciences, Alma Mater Studiorum, University of Bologna, 
Via Belmeloro, 6, 40126 Bologna, Italy. [marialaura.bolognesi@unibo.it]. 

 
Of the tropical diseases, trypanosomiases and leishmaniases should most concern the 

pharmaceutical community because of their high prevalence in developing countries and the lack 
of effective drug treatments. Despite this, they have not historically received much attention in 
terms of investment and research effort, nor do they now. In very recent years, thanks to the 
involvement of several non-profit organizations, the chemotherapeutic options have expanded 
with the introduction of the first combination therapy. The optimal efficacy and safety of 
nifurtimox-eflornithine combination against second-stage human African trypanosomiasis is an 
encouraging first step towards simpler and more affordable therapies. Along the same line, it is 
proposed that single chemical entities able to modulate more than one target may prove more 
efficacious and tolerable than the available arsenal of drugs. This paper discusses the pros and 
cons of this approach, together with examples taken from the recent literature. 

 
15905. Bouchikhi, F., Anizon, F., Brun, R. & Moreau, P., 2011. Biological evaluation of 

glycosyl-isoindigo derivatives against the pathogenic agents of tropical diseases (malaria, 
Chagas disease, leishmaniasis and human African trypanosomiasis). Bioorganic & 

Medicinal Chemistry Letters, 21 (21): 6319-6321. 
 

Clermont Université, Université Blaise Pascal, SEESIB, BP 10448, F-63000 Clermont-
Ferrand, France. [Pascale.MOREAU@univ-bpclermont.fr]. 

 
The biological activities of diversely substituted glycosyl-isoindigo derivatives against the 
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causative agents of tropical diseases (malaria, Chagas disease, leishmaniasis and human African 
trypanosomiasis) are reported. Some of the compounds tested showed interesting activities with 
good selectivity indices, particularly against Trypanosoma brucei rhodesiense. These results 
suggest, for the first time, that glycosyl-isoindigo derivatives could be of interest for the 
discovery of new lead compounds to treat tropical diseases. 

 
15906. Broniatowska, B., Allmendinger, A., Kaiser, M., Montamat-Sicotte, D., Hingley-

Wilson, S., Lalvani, A., Guiry, M., Blunden, G. & Tasdemir, D., 2011. Antiprotozoal, 
antitubercular and cytotoxic potential of cyanobacterial (blue-green algal) extracts from 
Ireland. Natural Product Communications, 6 (5): 689-694. 

 
Department of Pharmaceutical and Biological Chemistry, Centre for Pharmacognosy and 
Phytotherapy, School of Pharmacy, University of London, London WC1N 1AX, UK. 

 
Cyanobacteria (blue-green algae) are prolific producers of structurally distinct and 

biologically active metabolites. In the continuation of our search for new sources of anti-
infective natural products, we have assessed the in vitro antiprotozoal (Plasmodium falciparum, 

Trypanosoma brucei rhodesiense, T. cruzi, Leishmania donovani) and antitubercular 
(Mycobacterium tuberculosis) potential of samples of two terrestrial cyanobacteria, Nostoc 

commune (collected when desiccated and wet) and Rivularia biasolettiana. The cytotoxic 
potential of the extracts was also evaluated against primary L6 cells. Except for T. cruzi and M. 

tuberculosis, the crude extracts were active against all the organisms tested and showed no 
toxicity. The crude extracts were then partitioned between n-hexane, chloroform and aqueous 
methanol and retested against the same panel of pathogens. The chloroform sub-extracts of both 
N. commune samples showed significant activity against T. b. rhodesiense (IC50 values 2.0 and 
3.5 µg/mL) and P. falciparum (IC50s 7.4 and 5.8 µg/mL), with low toxicity. This trend was also 
true for R. biasolettiana extracts, and its chloroform sub-extract showed notable activity against 
all parasitic protozoa. There were differences in the biological activity profiles of extracts 
derived from desiccated and hydrated forms of N. commune. To our knowledge, this is the first 
study assessing the anti-infective activity of desiccated and hydrated forms of N. commune, as 
well as R. biasolettiana. Furthermore, the present work reports such biological activity in 
terrestrial cyanobacteria from Ireland for the first time. These results warrant the further study of 
Irish terrestrial cyanobacteria as a valuable source of new natural product leads for the treatment 
of parasitic protozoal infections. 

. 
15907. Cerecetto, H. & Gonzalez, M., 2011. Antiparasitic prodrug nifurtimox: revisiting its 

activation mechanism. Future Microbiology, 6 (8): 847-850. 
 

Grupo de Quimica Medicinal, Universidad de la Republica, Igua, Montevideo, Uruguay. 
[hcerecet@fq.edu.uy]. 

 
The prodrug nifurtimox has been one of the pharmacologic alternatives to treat Chagas 

disease and currently forms part of a combinational therapy to treat West African 
trypanosomiasis. Despite this, nifurtimox's mechanism of action is only partially understood and 
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has been related to induction of oxidative stress in the target cell. An alternative mechanism 
involving reductive activation by a eukaryotic type I nitroreductase has been described. 
Bloodstream form Trypanosoma brucei overexpressing enzymes, proposed to metabolize 
nifurtimox, were generated and only cells with elevated levels of the nitroreductase displayed 
altered susceptibility to the drug, implying that it has a key role in drug action. Reduction of 
nifurtimox by trypanosomal type I nitroreductases was shown to be insensitive to oxygen and 
yielded a product characterized by liquid chromatography/mass spectrometry as an unsaturated 
open chain nitrile. This nitrile inhibited both parasite and mammalian cell growth at equivalent 
concentrations, in marked contrast to the parental prodrug. These studies indicated that 
nifurtimox selectivity against T. brucei could be the result of the expression of a parasite-
encoded type I nitroreductase. 

 
15908. Cloete, T. T., Johansson, C. C., N'Da, D. D., Vodnala, S. K., Rottenberg, M. E., 

Breytenbach, J. C. & Ashton, M., 2011. Mono-, di- and trisubstituted derivatives of 
eflornithine: synthesis for in vivo delivery of DL-alpha-difluoromethylornithine in 
plasma. Arzneimittelforschung, 61 (5): 317-325. 

 
Department of Pharmaceutical Chemistry, North-West University, Potchefstroom, South 
Africa. 

 
The aim of this study was to synthesize a series of mono-, di- and trisubstituted derivatives 

of the human African trypanosomiasis drug eflornithine (alpha-difluoromethylornithine, DMFO, 
CAS 70052-12-9) to determine their partition coefficients, and to assess whether they deliver the 
parent drug in the plasma. If increased plasma concentrations of eflornithine could be achieved 
in this way, an oral dosage form would be possible. The derivatives, nine in total, were 
successfully synthesized by multi-step derivatisation of eflornithine on either its alpha-carboxylic 
or/and alpha-amino or/and delta-amino groups by either esterification or/and amidation or/and 
carbamylation, and their structures confirmed by NMR and MS spectroscopy. The majority of 
derivatives were more lipophilic than eflornithine with log D values in phosphate buffer solution 
(pH 7.4) ranging from -1.34 to 1.59 (vs. -0.98 for eflornithine). The in vivo absorption after oral 
administration to Sprague-Dawley rats showed that no derivative delivered eflornithine in the 
plasma, indicating that the derivatives were either not absorbed from the gastrointestinal tract or 
not metabolized to the parent drug. Two of the monosubstituted activities were toxic for T. 
brucei blood stream forms. 

 
15909. Coley, A. F., Dodson, H. C., Morris, M. T. & Morris, J. C., 2011. Glycolysis in the 

African trypanosome: targeting enzymes and their subcellular compartments for 
therapeutic development. Molecular Biology International, 2011: 123702. 

 
Department of Genetics and Biochemistry, Clemson University, Clemson, SC 29634, 
USA. [mmorri3@clemson.edu]. 

 
Subspecies of the African trypanosome Trypanosoma brucei which cause human African 

trypanosomiasis are transmitted by the tsetse fly with transmission-essential lifecycle stages 
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occurring in both the insect vector and human host. During infection of the human host, the 
parasite is limited to using glycolysis of host sugar for ATP production. This dependence on 
glucose breakdown presents a series of targets for potential therapeutic development, many of 
which have been explored and validated as therapeutic targets experimentally. These include 
enzymes directly involved in glucose metabolism (e.g. the trypanosome hexokinases), as well as 
cellular components required for development and maintenance of the essential subcellular 
compartments that house the major part of the pathway, the glycosomes. 

 
15910. Da Silva, A. S., Wolkmer, P., Nunes, J. T., Duck, M. R., Oliveira, C. B., Gressler, L. 

T., Costa, M. M., Zanette, R. A., Mazzanti, C. M., Lopes, S. T. & Monteiro, S. G., 
2011. Susceptibility of Trypanosoma evansi to cordycepin. Biomedicine & 

Pharmacotherapy, 65 (3): 220-223. 
 

Department of Microbiology and Parasitology, Universidade Federal de Santa Maria, 
Santa Maria, Brazil. [aleksandro_ss@yahoo.com.br]. 

 
Drugs, which are effective during the early stage of trypanosomosis, but poorly penetrate 

the blood-brain barrier, are ineffective when parasites reach the brain and cause encephalitis. In 
order to seek alternative treatments, the aim of this study was to test the susceptibility of T. 
evansi to cordycepin in vitro and in rats experimentally infected. In vitro, a significant decrease 
(p<0.01) in live trypanosomes in the concentrations of 5.0 and 10 µg/mL was observed one hour 
after the beginning of the study, as well as at 3, 6, 9 and 12 hours in all concentrations compared 
to control. Although no curative effects were observed in the in vivo assay in the majority of 
groups, the drug was able to maintain parasitaemia at low levels, therefore increasing the 
longevity of rats when compared to positive control group. Rats that received cordycepin alone 
or in combination with adenosine deaminase inhibitor (ADA: EHNA hydrochloride), did not 
show trypomastigote forms of the parasite in the bloodstream 24 hours after the administration. 
These animals remained negative in blood smears on average for 8 days, but thereafter had a 
recurrence of parasitaemia. Among all the infected animals, only three rats in the group treated 
with the combination of cordycepin (2 mg/kg) and EHNA hydrochloride (2 mg/kg) remained 
negative during the experimental period. The curative efficacy of 42.5 percent was confirmed by 
PCR using T. evansi-specific primers. Thus, we conclude that cordycepin has biological effect 
against T. evansi, as previously reported in infections by T. brucei, T. cruzi and Leishmania sp. 
The treatment with cordycepin, when protected by an inhibitor of ADA, can prolong the survival 
of T. evansi-infected rats and provide curative efficacy. 

 
15911. Davis, R. A., Sykes, M., Avery, V. M., Camp, D. & Quinn, R. J., 2011. 

Convolutamines I and J, antitrypanosomal alkaloids from the bryozoan Amathia tortusa. 
Bioorganic & Medicinal Chemistry, 19 (22): 6615-6619. 

 
Eskitis Institute, Griffith University, Brisbane, QLD 4111, Australia. 
[r.quinn@griffith.edu.au]. 

 
Mass-directed isolation of the CH2Cl2/CH3OH extract from the marine bryozoan Amathia 
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tortusa resulted in the purification of two new brominated alkaloids, convolutamines I (1) and J 
(2). The structures of 1 and 2 were determined following spectroscopic data analysis. Both 
compounds were isolated during a drug discovery programme aimed at identifying new 
antitrypanosomal leads from a prefractionated natural product library. Compounds 1 and 2 were 
shown to be active toward the parasite Trypanosoma brucei brucei with IC50 values of 1.1 and 
13.7 µM, respectively. Preliminary toxicity profiling was also performed on both 1 and 2 using 
the human embryonic kidney cell line, HEK293. Compound 1 was shown to exhibit cytotoxicity 
against HEK293 with an IC50 of 22.0 µM whilst 2 was inactive at 41.0 µM. 

 
15912. Diaz-Gonzalez, R., Kuhlmann, F. M., Galan-Rodriguez, C., Madeira da Silva, L., 

Saldivia, M., Karver, C. E., Rodriguez, A., Beverley, S. M., Navarro, M. & Pollastri, 
M. P., 2011. The susceptibility of trypanosomatid pathogens to PI3/mTOR kinase 
inhibitors affords a new opportunity for drug repurposing. PLoS Neglected Tropical 

Diseases, 5 (8): e1297. 
 

Instituto de Parasitologia y Biomedicina "Lopez-Neyra" Consejo Superior de 
Investigaciones Cientificas, Granada, Spain. [M.Pollastri@neu.edu]. 

 
Target repurposing utilizes knowledge of "druggable" targets obtained in one organism and 

exploits this information to pursue new potential drug targets in other organisms. Here we 
describe such studies to evaluate whether inhibitors targeting the kinase domain of the 
mammalian target of rapamycin (mTOR) and human phosphoinositide-3-kinases (PI3Ks) show 
promise against the kinetoplastid parasites Trypanosoma brucei, T. cruzi, Leishmania major, and 
L. donovani. The genomes of trypanosomatids encode at least 12 proteins belonging to the PI3K 
protein superfamily, some of which are unique to parasites. Moreover, the shared PI3Ks differ 
greatly in sequence from those of the human host, thereby providing opportunities for selective 
inhibition. We focused on eight inhibitors targeting mTOR and/or PI3Ks selected from various 
stages of pre-clinical and clinical development, and tested them against in vitro parasite cultures 
and in vivo models of infection. Several inhibitors showed micromolar or better efficacy against 
these organisms in culture. One compound, NVP-BEZ235, displayed sub-nanomolar potency, 
efficacy against cultured parasites and the ability to clear parasitaemia in an animal model of T. 
brucei rhodesiense infection. These studies strongly suggest that mammalian PI3/TOR kinase 
inhibitors are a productive starting point for anti-trypanosomal drug discovery. Our data suggest 
that NVP-BEZ235, an advanced clinical candidate against solid tumours, merits further 
investigation as an agent for treating African sleeping sickness. 

 
15913. Durrant, J. D. & McCammon, J. A., 2011. Towards the development of novel 

Trypanosoma brucei RNA editing ligase 1 inhibitors. BMC Pharmacology, 11: 9. 
 

Department of Chemistry & Biochemistry, University of California San Diego, La Jolla, 
California 92093-0365, USA. [jdurrant@ucsd.edu]. 

 
Trypanosoma brucei (T. brucei) is an infectious agent for which drug development has 

been largely neglected. We here use a recently developed computer programme called 
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AutoGrow to add interacting molecular fragments to S5, a known inhibitor of the validated T. 
brucei drug target RNA editing ligase 1, in order to improve its predicted binding affinity. The 
proposed binding modes of the resulting compounds mimic that of ATP, the native substrate, and 
provide insights into novel protein-ligand interactions that may be exploited in future drug-
discovery projects. We are hopeful that these new predicted inhibitors will aid medicinal 
chemists in developing novel therapeutics to fight human African trypanosomiasis. 

 
15914. Fytas, C., Zoidis, G., Tzoutzas, N., Taylor, M. C., Fytas, G. & Kelly, J. M., 2011. 

Novel lipophilic acetohydroxamic acid derivatives based on conformationally 
constrained spiro carbocyclic 2,6-diketopiperazine scaffolds with potent trypanocidal 
activity. Journal of Medicinal Chemistry, 54 (14): 5250-5254. 

 
Faculty of Pharmacy, Department of Pharmaceutical Chemistry, University of Athens, 
Panepistimioupoli-Zografou, GR-15771, Athens, Greece. 
 

15915. Gomes, M. R., Guimaraes, A. C. & de Miranda, A. B., 2011. Specific and 
nonhomologous isofunctional enzymes of the genetic information processing pathways 
as potential therapeutical targets for tritryps. Enzyme Research, 2011: 543912. 

 
Laboratorio de Biologia Computacional e Sistemas, Instituto Oswaldo Cruz/FIOCRUZ, 
21045-900 Rio de Janeiro, RJ, Brazil. 

 
15916. Gupta, S., Igoillo-Esteve, M., Michels, P. A. & Cordeiro, A. T., 2011. Glucose-6-

phosphate dehydrogenase of trypanosomatids: characterization, target validation, and 
drug discovery. Molecular Biology International, 2011: 135701. 

 
Research Unit for Tropical Diseases, de Duve Institute, TROP 74.39, Avenue Hippocrate 
74, 1200 Brussels, Belgium. 

 
In trypanosomatids, glucose-6-phosphate dehydrogenase (G6PDH), the first enzyme of the 

pentosephosphate pathway, is essential for the defence of the parasite against oxidative stress. 
Trypanosoma brucei, Trypanosoma cruzi, and Leishmania mexicana G6PDHs have been 
characterized. The parasites' G6PDHs contain a unique 37 amino acid long N-terminal extension 
that in T. cruzi seems to regulate the enzyme activity in a redox-state-dependent manner. T. 

brucei and T. cruzi G6PDHs, but not their Leishmania spp. counterpart, are inhibited in an 
uncompetitive way by steroids such as dehydroepiandrosterone and derivatives. The 
Trypanosoma enzymes are more susceptible to inhibition by these compounds than the human 
G6PDH. The steroids also effectively kill cultured trypanosomes but not Leishmania and are 
presently considered as promising leads for the development of new parasite-selective 
chemotherapeutic agents. 

 
15917. Habila, N., Humphrey, N. C. & Abel, A. S., 2011. Trypanocidal potentials of 

Azadirachta indica seeds against Trypanosoma evansi. Veterinary Parasitology, 180 (3-
4): 173-178. 
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Department of Biochemistry, Ahmadu Bello University, Zaria, Nigeria. 
[nathanhabila@yahoo.com]. 

 
The trypanocidal potentials of Azadirachta indica seeds methanolic extract (NSME) 

against Trypanosoma evansi were examined. In vitro studies with the NSME 100mg/ml, 50 
mg/ml and 25 mg/ml immobilized the parasites within 3 min, 8 min and 14 min respectively. In 

vivo experiments in infected rats at various dosage with NSME expressed transient ability of 
clearing the parasites in the infected blood. Thin layer chromatographic (TLC) separations of the 
NSME gave four fractions in toluene and ethyl acetate [1:0.25] solvent system on TLC of which 
only fraction 3 (F3) retained the trypanocidal properties which cleared the parasites in the 
infected rats for 14 days. High performance liquid chromatography (HPLC) analysis of NSF F3 
revealed the presence of azadirachtins A and B as active components. The NSF F3 manifested 
prophylactic potency at a dose of 500 mg/kg/day x 3/7. The packed cell volume (PCV) of the 
group administered 500 mg/kg/day x 3/7 NSF F3 and normal control (NC) had no significant 
difference. The NSF F3 also inhibited phospholipase A(2) enzyme in a dose-dependent pattern. 

 
15918. Harel, D., Khalid, S. A., Kaiser, M., Brun, R., Wunsch, B. & Schmidt, T. J., 2011. 

Encecalol angelate, an unstable chromene from Ageratum conyzoides L.: total synthesis 
and investigation of its antiprotozoal activity. Journal of Ethnopharmacology, 137 (1): 
620-625. 

 
Institut fur Pharmazeutische und Medizinische Chemie, Westfalische Wilhelms-
Universitat Munster, Munster, Germany. [thomschm@uni-muenster.de]. 

 
15919. Hata, Y., Zimmermann, S., Quitschau, M., Kaiser, M., Hamburger, M. & Adams, 

M., 2011. Antiplasmodial and antitrypanosomal activity of pyrethrins and pyrethroids. 
Journal of Agricultural & Food Chemistry, 59 (17): 9172-9176. 

 
Department of Pharmaceutical Sciences, University of Basel, Klingelbergstrasse 50, 
4056 Basel, Switzerland. [Michael.Adams@unibas.ch]. 

 
15920. Herrmann, F., Hamoud, R., Sporer, F., Tahrani, A. & Wink, M., 2011. Carlina 

oxide-a natural polyacetylene from Carlina acaulis (Asteraceae) with potent 
antitrypanosomal and antimicrobial properties. Planta Medica, 77 (17): 1905-1911. 

 
Institute of Pharmacy and Molecular Biotechnology, Heidelberg University, Heidelberg, 
Germany. [wink @uni-hd.de]. 

 
Carlina acaulis (Asteraceae) has a long history of medicinal use in Europe due to its 

antimicrobial properties. A strong and selective activity of carline oxide against Trypanosoma 
brucei brucei with an IC of 1.0 µg/mL and a SI of 446 compared to human HeLa cells was 
recorded. The selective toxicity of carlina oxide makes it a promising lead compound for the 
development of drugs to treat African trypanosomiasis. 
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15921. Jacobs, R. T., Nare, B., Wring, S. A., Orr, M. D., Chen, D., Sligar, J. M., Jenks, M. 

X., Noe, R. A., Bowling, T. S., Mercer, L. T., Rewerts, C., Gaukel, E., Owens, J., 
Parham, R., Randolph, R., Beaudet, B., Bacchi, C. J., Yarlett, N., Plattner, J. J., 
Freund, Y., Ding, C., Akama, T., Zhang, Y. K., Brun, R., Kaiser, M., Scandale, I. & 
Don, R., 2011. SCYX-7158, an orally-active benzoxaborole for the treatment of stage 2 
human African trypanosomiasis. PLoS Neglected Tropical Diseases, 5 (6): e1151. 

 
SCYNEXIS, Inc., Research Triangle Park, North Carolina, USA. 
[bob.jacobs@scynexis.com]. 

 
Human African trypanosomiasis (HAT) is an important public health problem in sub-

Saharan Africa, affecting hundreds of thousands of individuals. An urgent need exists for the 
discovery and development of new, safe, and effective drugs to treat HAT, as existing therapies 
suffer from poor safety profiles, difficult treatment regimens, limited effectiveness, and a high 
cost of goods. We have discovered and optimized a novel class of small-molecule boron-
containing compounds, benzoxaboroles, to identify SCYX-7158 as an effective, safe and orally 
active treatment for HAT. A drug discovery project employing integrated biological screening, 
medicinal chemistry and pharmacokinetic characterization identified SCYX-7158 as an 
optimized analogue, as it is active in vitro against relevant strains of Trypanosoma brucei, 
including T. b. rhodesiense and T. b. gambiense, is efficacious in both stage 1 and stage 2 murine 
HAT models and has physicochemical and in vitro absorption, distribution, metabolism, 
elimination and toxicology (ADMET) properties consistent with the compound being orally 
available, metabolically stable and CNS permeable. In a murine stage 2 study, SCYX-7158 is 
effective orally at doses as low as 12.5 mg/kg (QDx7 days). In vivo pharmacokinetic 
characterization of SCYX-7158 demonstrates that the compound is highly bioavailable in 
rodents and non-human primates, has low intravenous plasma clearance and has a 24-h 
elimination half-life and a volume of distribution that indicate good tissue distribution. Most 
importantly, in rodents brain exposure of SCYX-7158 is high, with Cmax >10 µg/mL and AUC(0-
24 hr) >100 µg/h/mL following a 25 mg/kg oral dose. Furthermore, SCYX-7158 readily 
distributes into cerebrospinal fluid to achieve therapeutically relevant concentrations in this 
compartment. The biological and pharmacokinetic properties of SCYX-7158 suggest that this 
compound will be efficacious and safe to treat stage 2 HAT. SCYX-7158 has been selected to 
enter preclinical studies, with expected progression to phase 1 clinical trials in 2011. 

 
15922. Jacobs, R. T., Plattner, J. J. & Keenan, M., 2011. Boron-based drugs as antiprotozoals. 

Current Opinion in Infectious Diseases, 24 (6): 586-592. 
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Boron-based drugs represent a new class of molecules that have been found to exhibit 

attractive properties and activities against a number of protozoans causative of neglected tropical 
diseases. This review highlights recent advances in discovery of potential treatments for human 
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African trypanosomiasis, malaria and Chagas disease from a class of boron-containing drugs, the 
benzoxaboroles. Research at several biotechnology companies, sponsored by product 
development partners (PDPs), has been successful in identifying a novel class of boron-based 
drugs, the benzoxaboroles, as potential treatments for neglected tropical diseases. This work was 
based, in part, on the earlier observation of antifungal, antibacterial and anti-inflammatory 
activities of the benzoxaboroles. The unique properties of boron, namely its ability to reversibly 
interact with biochemical targets through an empty p-orbital, are important to the success of 
these new drug candidates. Physicochemical and pharmacokinetic properties of the boron-based 
compounds are consistent with features required for oral absorption, metabolic stability and low 
toxicity - all important for progression of this class to clinical trials. 

 
15923. Jacobs, R. T., Plattner, J. J., Nare, B., Wring, S. A., Chen, D., Freund, Y., Gaukel, 

E. G., Orr, M. D., Perales, J. B., Jenks, M., Noe, R. A., Sligar, J. M., Zhang, Y. K., 
Bacchi, C. J., Yarlett, N. & Don, R., 2011. Benzoxaboroles: a new class of potential 
drugs for human African trypanosomiasis. Future Medicinal Chemistry, 3 (10): 1259-
1278. 
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[bob.jacobs@scynexis.com]. 

 
Human African trypanosomiasis, caused by the kinetoplastid parasite Trypanosoma brucei, 

affects thousands of people across sub-Saharan Africa, and is fatal if left untreated. Treatment 
options for this disease, particularly stage 2 disease, which occurs after parasites have infected 
brain tissue, are limited due to inadequate efficacy, toxicity and the complexity of treatment 
regimens. We have discovered and optimized a series of benzoxaborole-6-carboxamides to 
provide trypanocidal compounds that are orally active in murine models of human African 
trypanosomiasis. A key feature of this series is the presence of a boron atom in the heterocyclic 
core structure, which is essential to the observed trypanocidal activity. We also report the in vivo 
pharmacokinetic properties of lead compounds from the series and selection of SCYX-7158 as a 
preclinical candidate. 
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Antitrypanosomal activity of fexinidazole, a new oral nitroimidazole drug candidate for 
treatment of sleeping sickness. Antimicrobial Agents & Chemotherapy, 55 (12): 5602-
5608. 
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Fexinidazole is a 5-nitroimidazole drug currently in clinical development for the treatment 

of human sleeping sickness (human African trypanosomiasis [HAT]), caused by infection with 
species of the protozoan parasite Trypanosoma brucei. The compound and its two principal 
metabolites, sulphoxide and sulphone, have been assessed for their ability to kill a range of T. 
brucei parasite strains in vitro and to cure both acute and chronic HAT disease models in the 
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mouse. The parent molecule and both metabolites have shown trypanocidal activity in vitro in 
the 0.7-to-3.3 µM (0.2-to-0.9 µg/ml) range against all parasite strains tested. In vivo, fexinidazole 
is orally effective in curing both acute and chronic diseases in the mouse at doses of 100 mg/kg 
of bodyweight/day for four days and 200 mg/kg/day for five days, respectively. Pharmacokinetic 
data indicate that it is likely that the sulphoxide and sulphone metabolites provide most, if not all, 
of the in vivo killing activity. Fexinidazole and its metabolites require up to 48 h exposure in 
order to induce maximal trypanocidal efficacy in vitro. The parent drug and its metabolites show 
no in vitro cross-reactivity in terms of trypanocidal activity with either themselves or other 
known trypanocidal drugs in use in humans. The in vitro and in vivo antitrypanosomal activities 
of fexinidazole and its two principal metabolites provide evidence that the compound has the 
potential to be an effective oral treatment for both the T. b. gambiense and T. b. rhodesiense 
forms of human sleeping sickness and both stages of the disease. 

 
15925. Major, L. L. & Smith, T. K., 2011. Screening the MayBridge Rule of 3 Fragment 

Library for compounds that interact with the Trypanosoma brucei myo-inositol-3-
phosphate synthase and/or show trypanocidal activity. Molecular Biology International, 
2011: 389364. 
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Sakpe, M. S., Ibrahim, D. R., Yahaya, Y. A., Kabir, A. Y. & Ogbadoyi, E. O., 2011. 
In vivo antitrypanosomal effects of some ethnomedicinal plants from upland of north 
central Nigeria. African Journal of Traditional Complementary Alternative Medicine, 8 
(1): 15-21. 
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Four medicinal plants Acacia nilotica, Bombax buonopozense, Terminalia avicennioides 

and Zanthoxylum zanthoxyloides traditionally used for treatment of sleeping sickness in 
Nupeland were investigated for in vivo antitrypanosomal activity. Methanol extracts of different 
parts of each plant (stem barks and fruits) were obtained and evaluated for their in vivo 
antitrypanosomal activities against Trypanosoma brucei brucei. Phytochemical screening of the 
methanol extracts of each plant was performed by standard procedures. Methanol extracts of A. 

nilotica (stem bark), B. buonopozense (stem bark), T. avicennioides (round fruit) and Z. 

zanthoxyloides (stem bark) were effective on trypanosomes. The extracts of A. nilotica and B. 

buonopozense exhibited antitrypanosomal effects at 200 and 300 mg/kg bodyweight 
respectively. Doses were able to clear the parasites from circulation within 6 and 7 days of 
treatment respectively and prolonged survival periods of up to 30 days. Extracts of T. 

avicennioides and Z. zanthoxyloides showed trypanostatic effects and could not clear the 
parasites completely. The methanol extracts of these plants contain metabolites that are 
associated with antitrypanosomal effects; therefore, these medicinal plants may be sources of 
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new compounds that may be active against T. b. brucei. This study has also justified the claim 
that some medicinal plants of Nupeland possess antitrypanosomal activity and could be useful in 
the management of trypanosomiasis. 

 
15927. Nibret, E., Youns, M., Krauth-Siegel, R. L. & Wink, M., 2011. Biological activities of 

xanthatin from Xanthium strumarium leaves. Phytotherapy Research, 25 (12): 1883-
1890. 
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The objective of the present work was to evaluate the biological activities of the major 

bioactive compound, xanthatin, and other compounds from Xanthium strumarium (Asteraceae) 
leaves. Inhibition of bloodstream forms of Trypanosoma brucei brucei and leukaemia HL-60 cell 
proliferation was assessed using resazurin as a vital stain. Xanthatin was found to be the major 
and most active compound against T. b. brucei with an IC50 value of 2.63 µg/mL and a 
selectivity index of 20. The possible mode of action of xanthatin was further evaluated. 
Xanthatin showed antiinflammatory activity by inhibiting both PGE2 synthesis (24 percent 
inhibition) and 5-lipoxygenase activity (92 percent inhibition) at concentrations of 100µg/mL 
and 97 µg/mL, respectively. Xanthatin exhibited weak irreversible inhibition of parasite specific 
trypanothione reductase. Unlike xanthatin, diminazene aceturate and ethidium bromide showed 
strong DNA intercalation with IC50 values of 26.04 µg/mL and 44.70 µg/mL, respectively. 
Substantial induction of caspase 3/7 activity in MIA PaCa-2 cells was observed after 6 h of 
treatment with 100 µg/mL of xanthatin. All these data taken together suggest that xanthatin 
exerts its biological activity by inducing apoptosis and inhibiting both PGE2 synthesis and 5-
lipoxygenase activity thereby avoiding unwanted inflammation commonly observed in diseases 
such as trypanosomiasis. 

 
15928. Niemann, M., Schneider, A. & Cristodero, M., 2011. Mitochondrial translation in 

trypanosomatids: a novel target for chemotherapy? Trends in Parasitology, 27 (10): 429-
433. 
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Switzerland. [niemann@dcb.unibe.ch]. 
 

Trypanosomatids cause widespread disease in humans and animals. Treatment of many of 
these diseases is hampered by the lack of efficient and safe drugs. New strategies for drug 
development are therefore urgently needed. It has long been known that the single mitochondrion 
of trypanosomatids exhibits many unique features. Recently, the mitochondrial translation 
machinery of trypanosomatids has been the focus of several studies, which revealed interesting 
variations to the mammalian system. It is the aim of this article to review these unique features 
and to discuss them in the larger biological context. It is our opinion that some of these features 
represent promising novel targets for chemotherapeutic intervention that should be studied in 
more detail. 
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15929. Omoja, V. U., Anaga, A. O., Obidike, I. R., Ihedioha, T. E., Umeakuana, P. U., 

Mhomga, L. I., Asuzu, I. U. & Anika, S. M., 2011. The effects of combination of 
methanolic leaf extract of Azadirachta indica and diminazene diaceturate in the treatment 
of experimental Trypanosoma brucei brucei infection in rats. Asian Pacific Journal of 

Tropical Medicine, 4 (5): 337-341. 
 

Department of Veterinary Physiology and Pharmacology, University of Nigeria, Nsukka, 
Nigeria. [drval_omoja@yahoo.com]. 

 
A study was carried out to investigate the effects of combination therapy of methanolic leaf 

extract of Azadirachta indica (A. indica) and diminazene diaceturate (DDA) in the treatment of 
experimental Trypanosoma brucei brucei (T. brucei brucei) infection in rats. Acute toxicity 
study of the drug and extract combinations were done. Selection of the best drug and extract 
combinations was carried out using 54 rats of both sexes separated into nine groups. Three dose 
combinations were derived from selection of the best drug and extract combinations used for the 
final study viz: 7 mg/kg bw DDA plus 125 mg/kg bw extract (group B), 3.5 mg/kg bw DDA plus 
250 mg/kg bw extract (group C), and 1.8 mg/kg bw DDA plus 500 mg/kg bw extract (group D). 
The final study had in addition to the three groups derived from the dose response study, four 
other groups viz: uninfected untreated negative control (group F), infected and treated with 3 000 
mg/kg bw extract alone (group E), infected and treated with 7 mg/kg bw DDA alone (group A), 
and infected untreated positive control (group G). The parameters assessed were onset of 
parasitaemia (OP), level of parasitaemia (LOP), clearance of parasites post treatment (COPPT), 
relapse infection period (RIP), post infection survival period (PIST).  There was no significant 
difference in OP between the groups (p < 0.05). One day post-treatment, the mean LOP of 
groups A, B, and C were found to be significantly lower than that of group D which in turn was 
lower than that of group E and G respectively. The mean LOP of group E was significantly lower 
than group G two days post treatment and this trend continued throughout the experimental 
period. Mean COPPT of group D was significantly longer than that of groups A, C and B. There 
was no significant difference in the mean COPPT among groups B, C and A. The mean RIP of 
group D was significantly shorter than group C, and that of group C was significantly shorter 
than that of group A. There was no relapse of infection in group B. The PIST of group E did not 
differ significantly from group G. From this experiment it isconcluded that combination of 125 
mg/kg bw extract and 7 mg/kg bw DDA is very effective in the treatment of trypanosomosis, 
caused by T. brucei. This combination therapy proved to be better than single therapy using 
DDA. 
 
15930. Otoguro, K., Ishiyama, A., Iwatsuki, M., Namatame, M., Nishihara-Tukashima, A., 

Kiyohara, H., Hashimoto, T., Asakawa, Y., Omura, S. & Yamada, H., 2011. In vitro 
antitrypanosomal activity of bis(bibenzyls)s and bibenzyls from liverworts against 
Trypanosoma brucei. Journal of Natural Medicines. E Publication ahead of print, 
September 16. 
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University, 5-9-1 Shirokane, Minato-ku, Tokyo, 108-8641, Japan. 
[otoguro@lisci.kitasato-u.ac.jp]. 

 
During the course of our screening programme to discover new antitrypanosomal 

compounds, 17 known plant aromatic compounds [12 bis(bibenzyls)s and 5 bibenzyls] were 
evaluated for in vitro activity against Trypanosoma brucei brucei. Sixteen compounds were 
found to exhibit antitrypanosomal activity. In particular, three compounds, marchantin A (1), 
plagiochin A (5) and 2(R)-2-isopropenyl-6,7-dihydroxy-4-(2-phenylethyl)dihydrobenzofuran 
(16) demonstrated moderate selective and potent antitrypanosomal activities in vitro. We detail 
here the antitrypanosomal properties and cytotoxicities of the compounds in comparison with 
two commonly used therapeutic drugs, eflornithine and suramin. Our finding represents the first 
report of the promising trypanocidal activity of these compounds. The research also provides 
valuable insight into structure-activity relationships and the possible mode of action of the 
compounds. 

 
15931. Otoguro, K., Iwatsuki, M., Ishiyama, A., Namatame, M., Nishihara-Tukashima, A., 

Kiyohara, H., Hashimoto, T., Asakawa, Y., Omura, S. & Yamada, H., 2011. In vitro 
antitrypanosomal activity of plant terpenes against Trypanosoma brucei. Phytochemistry, 
72 (16): 2024-2030. 
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During the course of screening to discover antitrypanosomal compounds, 24 known plant 

terpenes (6 sesquiterpenes, 14 sesquiterpene lactones and 4 diterpenes) were evaluated for in 

vitro antitrypanosomal activity against Trypanosoma brucei brucei. Among them, 22 terpenes 
exhibited antitrypanosomal activity. In particular, alpha-eudesmol, hinesol, nardosinone and 4-
peroxy-1,2,4,5-tetrahydro-alpha-santonin all exhibited selective and potent antitrypanosomal 
activities in vitro. Detailed here are thein vitro antitrypanosomal properties and cytotoxicities of 
the 24 terpenes compared with two therapeutic antitrypanosomal drugs (eflornithine and 
suramin). The findings represent the first report of promising trypanocidal activity of these 
terpenes. Present results also provide some valuable insight with regard to structure-activity 
relationships and the possible mode of action of the compounds. 
 
15932. Patterson, S., Alphey, M. S., Jones, D. C., Shanks, E. J., Street, I. P., Frearson, J. A., 

Wyatt, P. G., Gilbert, I. H. & Fairlamb, A. H., 2011. Dihydroquinazolines as a novel 
class of Trypanosoma brucei trypanothione reductase inhibitors: discovery, synthesis, 
and characterization of their binding mode by protein crystallography. Journal of 

Medicinal Chemistry, 54 (19): 6514-6530. 
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Trypanothione reductase (TryR) is a genetically validated drug target in the parasite 

Trypanosoma brucei, the causative agent of human African trypanosomiasis. Here we report the 
discovery, synthesis, and development of a novel series of TryR inhibitors based on a 3,4-
dihydroquinazoline scaffold. In addition, a high resolution crystal structure of TryR, alone and in 
complex with substrates and inhibitors from this series, is presented. This represents the first 
report of a high resolution complex between a noncovalent ligand and this enzyme. Structural 
studies revealed that upon ligand binding the enzyme undergoes a conformational change to 
create a new subpocket which is occupied by an aryl group on the ligand. Therefore, the 
inhibitor, in effect, creates its own small binding pocket within the otherwise large, solvent 
exposed active site. The TryR-ligand structure was subsequently used to guide the synthesis of 
inhibitors, including analogues that challenged the induced subpocket. This resulted in the 
development of inhibitors with improved potency against both TryR and T. brucei parasites in a 
whole cell assay. 

 
15933. Perales, J. B., Freeman, J., Bacchi, C. J., Bowling, T., Don, R., Gaukel, E., Mercer, 

L., Moore, J. A., 3rd, Nare, B., Nguyen, T. M., Noe, R. A., Randolph, R., Rewerts, 
C., Wring, S. A., Yarlett, N. & Jacobs, R. T., 2011. SAR of 2-amino and 2,4-diamino 
pyrimidines with in vivo efficacy against Trypanosoma brucei. Bioorganic & Medicinal 

Chemistry Letters, 21 (10): 2816-2819. 
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15934. Pimentel-Elardo, S. M., Buback, V., Gulder, T. A., Bugni, T. S., Reppart, J., 

Bringmann, G., Ireland, C. M., Schirmeister, T. & Hentschel, U., 2011. New 
tetromycin derivatives with anti-trypanosomal and protease inhibitory activities. Marine 

Drugs, 9 (10): 1682-1697. 
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Four new tetromycin derivatives, tetromycins 1-4 and a previously known one, tetromycin 

B (5) were isolated from Streptomyces axinellae Pol001(T) cultivated from the Mediterranean 
sponge Axinella polypoides. Structures were assigned using extensive 1D and 2D NMR 
spectroscopy as well as HRESIMS analysis. The compounds were tested for antiparasitic 
activities against Leishmania major and Trypanosoma brucei, and for protease inhibition against 
several cysteine proteases such as falcipain, rhodesain, cathepsin L, cathepsin B, and viral 
proteases SARS-CoV M(pro), and PL(pro). The compounds showed antiparasitic activities 
against T. brucei and time-dependent inhibition of cathepsin L-like proteases with Ki values in 
the low micromolar range. 
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Gettinby, G. & Kennedy, P. G., 2011. Melarsoprol cyclodextrin inclusion complexes as 
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promising oral candidates for the treatment of human African trypanosomiasis. PLoS 

Neglected Tropical Diseases, 5 (9): e1308. 
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Life Sciences, University of Glasgow, Glasgow, UK. [Peter.Kennedy@glasgow.ac.uk]. 

 
Human African trypanosomiasis (HAT), or sleeping sickness, results from infection with 

the protozoan parasites Trypanosoma brucei (T. b.) gambiense or T. b. rhodesiense and is 
invariably fatal if untreated. There are 60 million people at risk from the disease throughout sub-
Saharan Africa. The infection progresses from the haemolymphatic stage where parasites invade 
the blood, lymphatics and peripheral organs, to the late encephalitic stage where they enter the 
central nervous system (CNS) to cause serious neurological disease. The trivalent arsenical drug 
melarsoprol (Arsobal) is the only currently available treatment for CNS-stage T. b. rhodesiense 
infection. However, it must be administered intravenously due to the presence of propylene 
glycol solvent and is associated with numerous adverse reactions. A severe post-treatment 
reactive encephalopathy occurs in about 10 percent of treated patients, half of whom die. Thus 
melarsoprol kills 5 percent of all patients receiving it. Cyclodextrins have been used to improve 
the solubility and reduce the toxicity of a wide variety of drugs. We therefore investigated two 
melarsoprol cyclodextrin inclusion complexes; melarsoprol hydroxypropyl-beta-cyclodextrin and 
melarsoprol randomly-methylated-beta-cyclodextrin. We found that these compounds retain 
trypanocidal properties in vitro and cure CNS-stage murine infections when delivered orally, 
once per day for seven days, at a dosage of 0.05 µM/kg. No overt signs of toxicity were detected. 
Parasite load within the brain was rapidly reduced following treatment onset and magnetic 
resonance imaging showed restoration of normal blood-brain barrier integrity on completion of 
chemotherapy. These findings strongly suggest that complexed melarsoprol could be employed 
as an oral treatment for CNS-stage HAT, delivering considerable improvements over current 
parenteral chemotherapy. 

 
15936. Sawadogo, W. R., Le Douaron, G., Maciuk, A., Bories, C., Loiseau, P. M., Figadere, 

B., Guissou, I. P. & Nacoulma, O. G., 2011. In vitro antileishmanial and 
antitrypanosomal activities of five medicinal plants from Burkina Faso. Parasitology 

Research. e Publication ahead of print, October 25. 
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After ethnobotanical surveys in central and western regions of Burkina Faso, five plants 

namely Lantana ukambensis (Verbenaceae), Xeoderris sthulmannii (Fabaceae), Parinari 

curatellifollia (Chrysobalanaceae), Ozoroa insignis (Anacardiaceae), and Ficus platyphylla 
(Moraceae) were selected for their traditional use in the treatment of parasitic diseases and 
cancer. Our previous studies have focused on the phytochemical, genotoxicity, antioxidant, and 
antiproliferative activities of these plants. In this study, the methanol extract of each plant was 
tested to reveal probable antileishmanial and antitrypanosomal activities. Colorimetric and 
spectrophotometric methods were used for the detection of antileishmanial and antitrypanosomal 
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activities. Leishmania donovani (LV9 WT) and Trypanosoma brucei brucei GVR 35 were used 
to test the antileishmanial and antitrypanosomal activities, respectively. All extracts of tested 
plants showed a significant antitrypanosomal activity with minimum lethal concentrations 
between 1.5 and 25µg/ml, the L. ukambensis extract being the most active. In the antileishmanial 
test, only the extract from L. ukambensis showed significant activity with an inhibitory 
concentration (IC50) of 6.9 µg/ml. The results of this study contribute to the promotion of 
traditional medicine products and are preliminary for the isolation of new natural molecules for 
the treatment of leishmaniasis and trypanosomiasis. 

 
15937. Seebeck, T., Sterk, G. J. & Ke, H., 2011. Phosphodiesterase inhibitors as a new 

generation of antiprotozoan drugs: exploiting the benefit of enzymes that are highly 
conserved between host and parasite. Future Medicinal Chemistry, 3 (10): 1289-1306. 
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Protozoan infections remain a major unsolved medical problem in many parts of our world. 

A major obstacle to their treatment is the blatant lack of medication that is affordable, effective, 
safe and easy to administer. For some of these diseases, including human sleeping sickness, very 
few compounds are available, many of them old and all of them fraught with toxic side effects. 
We explore a new concept for developing new-generation antiprotozoan drugs that are based on 
phosphodiesterase (PDE) inhibitors. Such inhibitors are already used extensively in human 
pharmacology. Given the high degree of structural similarity between the human and the 
protozoan PDEs, the vast expertise available in the human field can now be applied to 
developing disease-specific PDE inhibitors as new antiprotozoan drugs. 
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Therapeutic potential of phosphodiesterase inhibitors in parasitic diseases. Handbook of 
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Protozoan parasites of the order Kinetoplastida are the causative agents of three of the 

world's most important neglected human diseases: African trypanosomiasis, American 
trypanosomiasis, and leishmaniasis. Current therapies are limited, with some treatments having 
serious and sometimes lethal side effects. The growing number of cases that are refractory to 
treatment is also of concern. With few new drugs in development, there is an unmet medical 
need for new, more effective, and safer medications. Recent studies employing genetic and 
pharmacological techniques have begun to shed light on the role of the cyclic nucleotide 
phosphodiesterases in the life cycle of these pathogens and suggest that these important 
regulators of cyclic nucleotide signalling may be promising new targets for the treatment of 
parasitic diseases. 
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Gilbert, I. H. & Wyatt, P. G., 2011. Optimisation of the anti-Trypanosoma brucei 
activity of the opioid agonist U50488. ChemMedChem, 6 (10): 1832-1840. 
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blood plasma. Journal of Veterinary Science, 12 (4): 303-307. 
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In this work, we used a preparation of diminazene, which belongs to the group of aromatic 

diamidines. This compound acts on the causative agents of blood protozoan diseases produced 
by both flagellated protozoa (Trypanosoma) and members of the class Piroplasmida (Babesia, 

Theileria, and Cytauxzoon) in various domestic and wild animals, and it is widely used in 
veterinary medicine. We examined the behaviour of water-dispersed diminazene (immobilized in 
Tween 80 micelles) at the cellular and organ levels. We assessed the interaction of an aqueous 
and a water-dispersed preparation with cells of the reticuloendothelial system. We compared the 
kinetic parameters of aqueous and water-dispersed diminazene in sheep erythrocytes and plasma. 
The therapeutic properties of these two preparations were also compared. We found that the 
surface-active substances improved intracellular penetration of the active substance through 
interaction with the cell membrane. In sheep blood erythrocytes, micellar diminazene 
accumulated more than its aqueous analogue. This form was also more effective therapeutically 
than the aqueous analogue. Our findings demonstrate that use of micellar diminazene allows the 
injection dose to be reduced by 30 percent. 
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ethnopharmacologically selected Bhutanese medicinal plants for their major classes of 
phytochemicals and biological activities. Journal of Ethnopharmacology, 137 (1): 730-
742. 
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As many as 229 medicinal plants are currently used in the Bhutanese traditional medicine 

(BTM) as a chief ingredient of polyherbal formulations and these plants have been individually 
indicated for treating various types of infections including malaria, tumour, and microbial. We 
have focused our study only on seven species of these plants, aiming to evaluate their 
antiplasmodial, antimicrobial, anti-Trypanosoma brucei rhodesiense and cytotoxicity activities. 
This study creates a scientific basis for their use in the BTM and gives foundation for further 
phytochemical and biological evaluations which can result in the discovery of new drug lead 
compounds. A three-stage process was conducted which consisted of: (1) an assessment of a 
pharmacopoeia and a formulary book of the BTM for their mode of plant uses; (2) selecting 25 
anti-infective medicinal plants based on the five established criteria, collecting them, and 
screening for their major classes of phytochemicals using appropriate test protocols; and (3) 
finally analysing the crude extracts of the seven medicinal plants using the standard test 
protocols for their antiplasmodial, antimicrobial, anti-Trypanosoma brucei rhodesiense and 
cytotoxicity activities as directed by the ethnopharmacological uses of each plant. Out of 25 
medicinal plants screened for their major classes of phytochemicals, the majority contained 
tannins, alkaloids and flavonoids. Out of the seven plant species investigated for their biological 
activities, all seven of them exhibited mild antimicrobial properties, five plants gave significant 
in vitro antiplasmodial activities, two plants gave moderate anti-Trypanosoma brucei 
rhodesiense activity, and one plant showed mild cytotoxicity. These findings provide the 
scientific basis for the use of seven medicinal plants in the BTM for the treatment of malaria, 
microbial infections, infectious fevers, and of Trypanosoma brucei rhodesiense infection. The 
results also form a good preliminary basis for the prioritization of candidate plant species for 
further in-depth phytochemical and pharmacological investigations toward our quest to unearth 
lead antiparasitic, anticancer and antimicrobial compounds. 
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Chagas disease and African sleeping sickness are trypanosomal infections that represent 

important public health problems in Latin America and Africa, respectively. The restriction of 
these diseases to the poorer parts of the world has meant that they have been largely neglected 
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and limited progress has been made in their treatment. The nitroheterocyclic prodrugs nifurtimox 
and benznidazole, in use against Chagas disease for >40 years, remain the only agents available 
for this infection. In the case of African sleeping sickness, nifurtimox has recently been added to 
the arsenal of medicines, with the nitroheterocycle fexinidazole currently under evaluation. For a 
long time, the cytotoxic mechanism of these drugs was poorly understood: nifurtimox was 
thought to act via production of superoxide anions and nitro radicals, while the mode of 
benznidazole action was more obscure. The trypanocidal activity of nitroheterocyclic drugs is 
now known to depend on a parasite type I nitroreductase (NTR). This enzyme is absent from 
mammalian cells, a difference that forms the basis for the drug selectivity. The role of this 
enzyme in drug activation has been genetically and biochemically validated. It catalyses the 2-
electron reduction of nitroheterocyclic compounds within the parasite, producing toxic 
metabolites without significant generation of superoxide. Recognition that this enzyme is 
responsible for activation of nitroheterocyclic prodrugs has allowed screening for compounds 
that preferentially target the parasite. This approach has led to the identification of two new 
classes of anti-trypanosomal agents, nitrobenzylphosphoramide mustards and aziridinyl 
nitrobenzamides, and promises to yield new, safer, more effective drugs. 
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8. TRYPANOSOME RESEARCH 
 

(a) CULTIVATION 
 

(b) TAXONOMY; CHARACTERIZATION OF ISOLATES 
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Trypanosomosis caused by Trypanosoma congolense is a major constraint to animal health 

in sub-Saharan Africa. Unfortunately, the treatment of the disease is impaired by the spread of 
drug resistance. Resistance to diminazene aceturate (DA) in T. congolense is linked to a mutation 
modifying the functioning of a P2-type purine-transporter responsible for the uptake of the drug. 
Our objective was to verify if the mutation was linked or not to drug pressure. Thirty-four T. 
congolense isolates sampled from tsetse or wildlife were screened for the DA-resistance linked 
mutation using DpnII-PCR-RFLP. The results showed one sensitive, 12 resistant and 21 mixed 
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DpnII-PCR-RFLP profiles. This suggests that the mutation is present on at least one allele of 
each of the 33 isolates. For twelve of the isolates, a standard screening method in mice was used 
by (i) microscopic examination, (ii) trypanosome-specific 18S-PCR after 2 months of 
observation and (iii) weekly trypanosome-specific 18S-PCR for 8 weeks. The results showed 
that all mice remained microscopically trypanosome-positive after treatment with 5 mg/kg DA. 
With 10 and 20 mg/kg, 8.3 percent (n = 72) and 0 percent (n = 72) of the mice became 
parasitologically positive after treatment. However, in these latter groups the trypanosome-
specific 18S-PCR indicated a higher degree of trypanosome-positivity, i.e. with a unique test, 
51.4 percent (n = 72) and 38.9 percent (n = 72) and with the weekly tests 79.2 percent (n = 24) 
and 66.7 percent (n = 24) for 10 and 20 mg/kg respectively. The widespread presence of the DA-
resistance linked mutation in T. congolense isolated from wildlife suggests that this mutation is 
favourable to parasite survival and/or its dissemination in the host population independent from 
the presence of drug. After treatment with DA, those T. congolense isolates cause persisting low 
parasitaemias even after complete elimination of the drug and with little impact on the host's 
health. 

 
15947. McInnes, L. M., Dargantes, A. P., Ryan, U. M. & Reid, S. A., 2011. Microsatellite 

typing and population structuring of Trypanosoma evansi in Mindanao, Philippines. 
Veterinary Parasitology. E Publication ahead of print, 19 December. 

 
Division of Health Sciences, School of Veterinary and Biomedical Sciences, Murdoch 
University, Murdoch, Perth, WA 6150, Australia. [LindaMMcInnes@gmail.com]. 

 
Trypanosoma evansi, a blood-borne protozoan parasite with an extensive geographical 

range is the causative agent of the livestock disease known as surra. A total of 140 out of 179 T. 
evansi isolates collected between 2006 and 2007 from 44 villages (comprising of 16 reported 
surra outbreaks) in 3 provinces (Agusan del Sur (ADS), Surigao del Sur (SDS) and Agusan del 
Norte (ADN)) in Mindanao, Philippines were each successfully genotyped using a suite of seven 
polymorphic microsatellites. The study identified 16 multi locus genotypes (MLG) within the T. 
evansi isolates and evidence of the spread of surra outbreaks from one village to another, most 
likely due to the movement of infected animals. Genotyping provided evidence of population 
sub-structuring with three populations (I, II and III (only one isolate)) identified. The most 
abundant population was II, which was the predominant population in ADS and SDS (p=0.022). 
In addition, buffalo mortality was statistically higher in outbreak areas associated with isolates 
from population I (13.6 percent) than with isolates from population II (6.9 percent) (p=0.047). 
The present study has highlighted the utility of microsatellite loci to improve understanding of 
the epidemiology of T. evansi and in tracking surra outbreaks. 
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2011. Population genetics of Trypanosoma evansi from camels in the Sudan. PLoS 

Neglected Tropical Diseases, 5 (6): e1196. 
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Genetic variation of microsatellite loci is a widely used method for the analysis of 

population genetic structure of microorganisms. We have investigated genetic variation at 15 
microsatellite loci of T. evansi isolated from camels in Sudan and Kenya to evaluate the genetic 
information partitioned within and between individuals and between sites. We detected a strong 
signal of isolation by distance across the area sampled. The results also indicate that either, and 
as expected, T. evansi is purely clonal and structured in small units at very local scales and that 
there are numerous allelic dropouts in the data, or that this species often sexually recombines 
without the need of the "normal" definitive host, the tsetse fly or as the recurrent immigration 
from sexually recombined T. brucei brucei. Though the first hypothesis is the more likely, 
discriminating between these two incompatible hypotheses will require further studies at much 
localized scales. 

 
15949. Tian, Z., Liu, G., Xie, J., Shen, H., Zhang, L., Zhang, P. & Luo, J., 2011. The internal 

transcribed spacer 1 (ITS-1), a controversial marker for the genetic diversity of 
Trypanosoma evansi. Experimental Parasitology, 129 (3): 303-306. 

 
State Key Laboratory of Veterinary Etiological Biology; Key Laboratory of Veterinary 
Parasitology of Gansu Province; and Lanzhou Veterinary Research Institute, Chinese 
Academy of Agricultural Sciences, 1 Xujianping, Yanchangbu, Lanzhou, Gansu 
Province 730046, People's Republic of China. 

 
Seven Trypanosoma evansi isolates from China and a Trypanosoma congolense sp. gifted 

from Kenya were characterized genetically by the internal transcribed spacer 1 (ITS-1) of 
nuclear ribosomal DNA (rDNA). The ITS-1 rDNA with the length of 338-342 bp was amplified 
by the polymerase chain reaction (PCR) and sequenced from individual isolates of T. evansi. 
Although sequence variation between T. evansi isolates from China was only 0.3-3.8 percent, the 
constructed phylogenetic tree based on the ITS-1 rDNA sequence by the method of neighbour-
joining and maximum parsimony revealed the genetic diversity among T. evansi isolates from 
China. For T. congolense sp., the most phylogenetically related species was T. congolense 
IL1180. Although the sequence variation ranged 0.8-14.5 percent between T. congolense 

isolates, the phylogenetic tree could not reflect the genetic diversity among T. congolense 

isolates perhaps because of the fewer number of isolates and sequences. The data could be 
applicable for the survey of parasite dynamics, epidemiological studies as well as prevention and 
control of the disease. 

 
15950. Van den Bossche, P., Chitanga, S., Masumu, J., Marcotty, T. & Delespaux, V., 2011. 

Virulence in Trypanosoma congolense savannah subgroup. A comparison between 
strains and transmission cycles. Parasite Immunology, 33 (8): 456-460. 

 
Institute of Tropical Medicine, Animal Health Department, Nationalestraat, Antwerp, 
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Trypanosoma congolense strains have been shown to differ in their virulence both between 
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subgroups and within the savannah subgroup between strains. This review revisits these findings 
and complements them with information on the virulence of T. congolense savannah subgroup 
strains isolated from cattle (domestic transmission cycle) in different geographical areas and of 
strains isolated in protected areas where trypanotolerant wildlife species are the reservoir of the 
trypanosomes (sylvatic transmission cycle). The virulence of a total of 62 T. congolense 

savannah subgroup strains (50 domestic and 12 sylvatic), determined using a standard protocol in 
mice, was compared. Virulence varied substantially between strains with, depending on the 
strain, the median survival time of infected mice varying from five to more than sixty days. The 
proportion of highly virulent strains (median survival time <10 days) was significantly (p = 
0.005) higher in strains from the sylvatic transmission cycle. The analysis highlights 
repercussions of the domestication of the trypanosomiasis transmission cycle that may have to be 
taken in consideration in the development of trypanosomiasis control strategies. 

 
15951. Vitouley, H. S., Mungube, E. O., Allegye-Cudjoe, E., Diall, O., Bocoum, Z., Diarra, 

B., Randolph, T. F., Bauer, B., Clausen, P. H., Geysen, D., Sidibe, I., Bengaly, Z., 
Van den Bossche, P. & Delespaux, V., 2011. Improved PCR-RFLP for the detection of 
diminazene resistance in Trypanosoma congolense under field conditions using filter 
papers for sample storage. PLoS Neglected Tropical Diseases, 5 (7): e1223. 
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Bobo Dioulasso, Burkina Faso. [vdelespaux@itg.be]. 
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TbRHP is involved in spindle formation and mitosis in trypanosomes. PLoS One, 6 (11): 
e26890. 
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D., 2011. Trypanosoma brucei mitochondrial respiratome: composition and organization 
in procyclic form. Molecular & Cellular Proteomics, 10 (9): M110 006908. 
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15954. Alloatti, A., Gupta, S., Gualdron-Lopez, M., Nguewa, P. A., Altabe, S. G., Deumer, 
G., Wallemacq, P., Michels, P. A. & Uttaro, A. D., 2011. Stearoyl-CoA desaturase is 
an essential enzyme for the parasitic protist Trypanosoma brucei. Biochemical & 

Biophysical Research Communications, 412 (2): 286-290. 
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Trypanosoma brucei, the aetiologic agent of sleeping sickness, is exposed to important 

changes in nutrients and temperature during its life cycle. To adapt to these changes, the fluidity 
of its membranes plays a crucial role. This fluidity, mediated by the fatty acid composition, is 
regulated by enzymes named desaturases. We have previously shown that the oleoyl desaturase 
is essential for Trypanosoma cruzi and T. brucei. In this work, we present experimental support 
for the relevance of stearoyl-CoA desaturase (SCD) for T. brucei's survival, in both its insect and 
procyclic-forms (PCF) and in its bloodstream-form (BSF) stages. We evaluated this essentiality 
in two different ways: by generating a SCD knocked-down parasite line using RNA interference, 
and by chemical inhibition of the enzyme with two compounds, isoxyl and a thiastearate with the 
sulphur atom at position 10 (10-TS). The effective concentration for 50 percent growth inhibition 
(EC50) of PCF was 1.0 +/- 0.2 µM for isoxyl and 5 +/- 2 µM for 10-TS, whereas BSF appeared 
more susceptible with EC50 values 0.10 +/- 0.03 µM (isoxyl) and 1.0 +/- 0.6 µM (10-TS). RNA 
interference showed to be deleterious for both stages of the parasite. In addition, T. brucei-
infected mice were fed with isoxyl, causing a reduction of the parasitaemia and an increase of the 
rodents' survival. 

 
15955. Aphasizhev, R. & Aphasizheva, I., 2011. Mitochondrial RNA processing in 

trypanosomes. Research in Microbiology, 162 (7): 655-663. 
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The mitochondrial genome of trypanosomes is composed of approximately 50 maxicircles 

and thousands of minicircles. Maxi-(approximately 25 kb) and mini-(approximately 1 kb) circles 
are catenated and packed into a dense structure called a kinetoplast. Both types of circular DNA 
are transcribed by a phage-like RNA polymerase: maxicircles yield multicistronic rRNA and 
mRNA precursors, while guide RNA (gRNA) precursors are produced from minicircles. To 
function in mitochondrial translation, pre-mRNAs must undergo a nucleolytic processing and 3' 
modifications, and often uridine insertion/deletion editing. gRNAs, which represent short (50-60 
nt) RNAs directing editing reactions, are produced by 3' nucleolytic processing of a much longer 
precursor followed by 3' uridylation. Ribosomal RNAs are excised from precursors and their 3' 
ends are also trimmed and uridylated. All tRNAs are imported from the cytoplasm and some are 
further modified and edited in the mitochondrial matrix. Historically, the fascinating 
phenomenon of RNA editing has been extensively studied as an isolated pathway in which 
nuclear-encoded proteins mediate interactions of maxi- and minicircle transcripts to create open 
reading frames. However, recent studies unravelled a highly integrated network of mitochondrial 
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genome expression including critical pre- and post-editing 3' mRNA processing, and gRNA and 
rRNA maturation steps. Here we focus on RNA 3' adenylation and uridylation as processes 
essential for biogenesis, stability and functioning of mitochondrial RNAs. 
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Pentatricopeptide repeat proteins stimulate mRNA adenylation/uridylation to activate 
mitochondrial translation in trypanosomes. Molecular Cell, 42 (1): 106-117. 
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15957. Archer, S. K., Inchaustegui, D., Queiroz, R. & Clayton, C., 2011. The cell cycle 

regulated transcriptome of Trypanosoma brucei. PLoS One, 6 (3): e18425. 
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Germany. [s.archer@victorchang.edu.au]. 

 
Progression of the eukaryotic cell cycle requires the regulation of hundreds of genes to 

ensure that they are expressed at the required times. Integral to cell cycle progression in yeast 
and animal cells, are temporally controlled progressive waves of transcription mediated by cell 
cycle-regulated transcription factors. However, in the kinetoplastids, a group of early-branching 
eukaryotes including many important pathogens, transcriptional regulation is almost completely 
absent, raising questions about the extent of cell cycle regulation in these organisms and the 
mechanisms whereby regulation is achieved. Here, we analyse gene expression over the 
Trypanosoma brucei cell cycle, measuring changes in mRNA abundance on a transcriptome-
wide scale. We developed a "double-cut" elutriation procedure to select unperturbed, highly 
synchronous cell populations from log-phase cultures, and compared this to synchronization by 
starvation. Transcriptome profiling over the cell cycle revealed the regulation of at least 430 
genes. While only a minority were homologues to known cell cycle regulated transcripts in yeast 
or human, their functions correlated with the cellular processes occurring at the time of peak 
expression. We searched for potential target sites of RNA-binding proteins in these transcripts, 
which might earmark them for selective degradation or stabilization. Over-represented sequence 
motifs were found in several co-regulated transcript groups and were conserved in other 
kinetoplastids. Furthermore, we found evidence for cell cycle regulation of a flagellar protein 
regulon with a highly conserved sequence motif, bearing similarity to consensus PUF-protein 
binding motifs. RNA sequence motifs that are functional in cell cycle regulation were more 
widespread than previously expected and conserved within kinetoplastids. These findings 
highlight the central importance of post-transcriptional regulation in the proliferation of parasitic 
kinetoplastids. 

 
15958. Avilan, L., Gualdron-Lopez, M., Quinones, W., Gonzalez-Gonzalez, L., Hannaert, 

V., Michels, P. A. & Concepcion, J. L., 2011. Enolase: a key player in the metabolism 
and a probable virulence factor of trypanosomatid parasites-perspectives for its use as a 
therapeutic target. Enzyme Research, 2011: 932549. 
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Laboratorio de Fisiologia, Facultad de Ciencias, Universidad de los Andes, 5101 Merida, 
Venezuela. 

 
Glycolysis and glyconeogenesis play crucial roles in the ATP supply and synthesis of 

glycoconjugates, important for the viability and virulence, respectively, of the human-pathogenic 
stages of Trypanosoma brucei, Trypanosoma cruzi, and Leishmania spp. These pathways are 
therefore candidate targets for antiparasite drugs. The glycolytic/gluconeogenic enzyme enolase 
is generally highly conserved, with similar overall fold and identical catalytic residues in all 
organisms. Nonetheless, potentially important differences exist between the trypanosomatid and 
host enzymes, with three unique, reactive residues close to the active site of the former that 
might be exploited for the development of new drugs. In addition, enolase is found both in the 
secretome and in association with the surface of Leishmania spp. where it probably functions as 
plasminogen receptor, playing a role in the parasite's invasiveness and virulence, a function 
possibly also present in the other trypanosomatids. This location and possible function of enolase 
offer additional perspectives for both drug discovery and vaccination. 

 
15959. Bassarak, B., Uzcategui, N. L., Schonfeld, C. & Duszenko, M., 2011. Functional 

characterization of three aquaglyceroporins from Trypanosoma brucei in osmoregulation 
and glycerol transport. Cellular Physiology & Biochemistry, 27 (3-4): 411-420. 
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Complete coding sequence, sequence analysis and transmembrane topology modelling of 
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trypanosomatids. Enzyme Research, 2011: 392082. 
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Argentina. 

 
Phospholipases are a complex and important group of enzymes widespread in nature, that 

play crucial roles in diverse biochemical processes and are classified as A(1), A(2), C, and D. 
Phospholipases A(1) and A(2) activities have been linked to pathogenesis in various 
microorganisms, and particularly in pathogenic protozoa they have been implicated in cell 
invasion. Kinetoplastids are a group of flagellated protozoa, including extra- and intracellular 
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parasites that cause severe disease in humans and animals. In the present paper, we will mainly 
focus on the three most important kinetoplastid human pathogens, Trypanosoma brucei, 
Trypanosoma cruzi, and Leishmania spp., giving a perspective of the research done up to now 
regarding biochemical, biological, and molecular characteristics of phospholipases A(1) and 
A(2) and their contribution to pathogenesis. 

 
15962. Benz, C., Mulindwa, J., Ouna, B. & Clayton, C., 2011. The Trypanosoma brucei zinc 

finger protein ZC3H18 is involved in differentiation. Molecular & Biochemical 

Parasitology, 177 (2): 148-151. 
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In mammalian cells, the degradation of mRNAs that have AU-rich elements in their 3'-

untranslated regions is accelerated by the binding of proteins that contain two CCCH-zinc-
finger-domains. Three CCCH zinc-finger proteins, TbZFP1, TbZFP2, and TbZFP3, have been 
shown to have roles in trypanosome differentiation. We here studied another protein, ZC3H18, 
which has two CCCH zinc finger domains. The ZC3H18 gene is not essential in bloodstream 
forms, but in an in vitro model of differentiation, depletion of ZC3H18 delayed the 
transformation of bloodstream-form trypanosomes to the procyclic form that grows in the tsetse 
fly. 
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resolution mass spectrometry. Rapid Communications in Mass Spectrometry, 25 (22): 
3447-3452. 
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kinetoplastid parasites. Advances in Experimental Medicine & Biology, 712: 84-99. 
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We review Clan CA family C1 peptidases of kinetoplastid parasites (Trypanosoma and 

Leishmania) with respect to biochemical and genetic diversity, genomic organization and stage-
specificity and control of expression. We discuss their contributions to parasite metabolism, 
virulence and pathogenesis and modulation of the host's immune response. Their applications as 
vaccine candidates and diagnostic markers as well as their chemical and genetic validation as 
drug targets are also summarized. 
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Trypanosome prereplication machinery: a potential new target for an old problem. 
Enzyme Research, 2011: Article ID 518258. 
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Approximately ten million people suffer from Chagas disease worldwide, caused by 

Trypanosoma cruzi, with the disease burden predominately focused in Latin America. Sleeping 
sickness is another serious health problem, caused by Trypanosoma brucei, especially in sub-
Saharan countries. Unfortunately, the drugs currently available to treat these diseases have toxic 
effects and are not effective against all disease phases or parasite strains. Therefore, there is a 
clear need for the development of novel drugs and drug targets to treat these diseases. We 
propose the trypanosome prereplication machinery component, Orc1/Cdc6, as a potential target 
for drug development. In trypanosomes, Orc1/Cdc6 is involved in nuclear DNA replication, and, 
despite its involvement in such a conserved process, Orc1/Cdc6 is distinct from mammalian 
Orc1 and Cdc6 proteins. Moreover, RNAi-mediated silencing of trypanosome Orc1/Cdc6 
expression in T. brucei decreased cell survival, indicating that Orc1/Cdc6 is critical for 
trypanosome survival. 
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Trypanosomes are protozoan parasites responsible for recalcitrant infectious diseases such 

as sleeping sickness and Chagas disease in Africa and America, respectively. Their complex life-
cycles are accompanied by alternation of forms specific of the insect vectors and vertebrate 
hosts, each with different metabolic and structural requirements. Unlike most other eukaryotes, 
these single-cell microorganisms seem to control the expression of protein-coding genes mostly 
by mRNA degradation, silencing and translation efficiency. Recent evidence showed that 
genuine cytoplasmic stress granules are formed as a response to heat stress in Trypanosoma 
brucei, basically formed by stalled translation initiation complexes on mRNA. On the other 
hand, processing bodies (P bodies) are constitutive components of cytoplasmic mRNA 
metabolism in trypanosomes, which could have an important role in translational repression. 
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During physiological starvation conditions in trypanosomes, components from P bodies fuse 
with other ribonucleoprotein complexes to form mRNA granules, where transcripts are stored 
and protected from degradation in a quiescent state. Other novel types of foci with unknown 
function that are related to RNA metabolism can be found in these parasites, namely heat-
induced granules containing the 5' to 3' exoribonuclease XRNA, and starvation-induced granules 
containing transfer RNA halves. Thus, trypanosomes make use of non-membranous structures as 
a strategy to compartmentalize ribonucleoprotein complexes in the cytoplasm, aiding to cope 
with stressful situations avoiding mRNA translation or degradation. The relevance of stress-
induced foci in trypanosomes has yet to be determined, although recent evidence suggests that 
these cytoplasmic organelles are required for survival under adverse growing conditions. 
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Trypanosomatids are protozoan micro-organisms that cause serious health problems in 

humans and domestic animals. In addition to their medical relevance, these pathogens have novel 
biological structures and processes. From nuclear DNA transcription to mRNA translation, 
trypanosomes use unusual mechanisms to control gene expression. For example, transcription by 
RNAPII (RNA polymerase II) is polycistronic, and only a few transcription initiation sites have 
been identified so far. The sequences present in the polycistronic units code for proteins having 
unrelated functions, that is, not involved in a similar metabolic pathway. Owing to these 
biological constraints, these micro-organisms regulate gene expression mostly by post-
transcriptional events. Consequently, the function of proteins that recognize RNA elements 
preferentially at the 3' UTR (untranslated region) of transcripts is central. It was recently shown 
that mRNP (messenger ribonucleoprotein) complexes are organized within post-transcriptional 
operons to co-ordinately regulate gene expression of functionally linked transcripts. In the 
present chapter we will focus on particular characteristics of gene expression in the so-called 
TriTryp parasites: Trypanosoma cruzi, Trypanosoma brucei and Leishmania major. 
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Hydroperoxide detoxification in African trypanosomes is achieved by 2-cys-peroxiredoxin 
(TXNPx)- and non-selenium glutathione peroxidase (Px)-type enzymes which both obtain their 
reducing equivalents from the unique trypanothione/tryparedoxin system. Previous RNA 
interference approaches revealed that the cytosolic TXNPx and the Px-type enzymes are 
essential for Trypanosoma brucei. Because of partially overlapping in vitro substrate specificities 
and subcellular localisation the physiological function of the individual enzymes was not yet 
clear. As shown here, TXNPx and Px are expressed at comparable levels and in their active 
reduced state. Px-overexpressing parasites were less sensitive toward linoleic acid hydroperoxide 
but not hydrogen peroxide. Kinetic studies confirmed that Px-but not TXNPx-reduces lipophilic 
hydroperoxides including phospholipids with high efficiency. Most interestingly, the severe 
proliferation defect of Px-depleted bloodstream cells could be rescued by Trolox, but not by 
hydrophilic antioxidants in the medium. This allowed us to knock-out the three Px genes 
individually and thus to distinguish their in vivo role. Deletion of the cytosolic Px I and II 
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resulted in extremely fast membrane peroxidation followed by cell lysis. Cells lacking 
specifically the mitochondrial Px III showed a transient growth retardation and cardiolipin 
peroxidation but adapted within 24h to normal proliferation. 
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Domain or gene fusion analysis is a bioinformatics method for detecting gene fusions in 

one organism by comparing its genome to that of other organisms. The occurrence of gene 
fusions suggests that the two original genes that participated in the fusion are functionally linked, 
i.e. their gene products interact either as part of a multi-subunit protein complex, or in a 
metabolic pathway. Gene fusion analysis has been used to identify protein functional links in 
prokaryotes as well as in eukaryotic model organisms, such as yeast and Drosophila. In this 
study we have extended this approach to include a number of recently sequenced protists, four of 
which are pathogenic, to identify fusion linked proteins in Trypanosoma brucei, the causative 
agent of African sleeping sickness. We have also examined the evolution of the gene fusion 
events identified, to determine whether they can be attributed to fusion or fission, by looking at 
the conservation of the fused genes and of the individual component genes across the major 
eukaryotic and prokaryotic lineages. We find relatively limited occurrence of gene 
fusions/fissions within the protist lineages examined. Our results point to two trypanosome-
specific gene fissions, which have recently been experimentally confirmed, one fusion involving 
proteins involved in the same metabolic pathway, as well as two novel putative functional links 
between fusion-linked protein pairs. This is the first study of protein functional links in T. brucei 
identified by gene fusion analysis. We have used strict thresholds and only discuss results which 
are highly likely to be genuine and which either have already been or can be experimentally 
verified. We discuss the possible impact of the identification of these novel putative protein-
protein interactions to the development of new trypanosome therapeutic drugs. 
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Homologous recombination in Trypanosoma brucei is used for moving variant surface 

glycoprotein (VSG) genes into expression sites during immune evasion by antigenic variation. A 
major route for such VSG switching is gene conversion reactions in which RAD51, a universally 
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conserved recombinase, catalyses homology-directed strand exchange. In any eukaryote, 
RAD51-directed strand exchange in vivo is mediated by further factors, including RAD51-
related proteins termed Rad51 paralogues. These appear to be ubiquitously conserved, although 
their detailed roles in recombination remain unclear. In T. brucei, four putative RAD51 
paralogue genes have been identified by sequence homology. Here we show that all four RAD51 
paralogues act in DNA repair, recombination and RAD51 subnuclear dynamics, though not 
equivalently, while mutation of only one RAD51 paralogue gene significantly impedes VSG 
switching. We also show that the T. brucei RAD51 paralogues interact, and that the complexes 
they form may explain the distinct phenotypes of the mutants as well as observed expression 
interdependency. Finally, we document the Rad51 paralogues that are encoded by a wide range 
of protists, demonstrating that the Rad51 paralogue repertoire in T. brucei is unusually large 
among microbial eukaryotes and that one member of the protein family corresponds with a key, 
conserved eukaryotic Rad51 paralogue. 
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The protozoans Trypanosoma cruzi, Trypanosoma brucei and Leishmania major (Tritryps), 
are evolutionarily ancient eukaryotes which cause worldwide human parasitosis. They present 
unique biological features. Indeed, canonical DNA/RNA cis-acting elements remain mostly 
elusive. Repetitive sequences, originally considered as selfish DNA, have been lately recognized 
as potentially important functional sequence elements in cell biology. In particular, the 
dinucleotide patterns have been related to genome compartmentalization, gene evolution and 
gene expression regulation. Thus, we perform a comparative analysis of the occurrence, length 
and location of dinucleotide repeats (DRs) in the Tritryp genomes and their putative associations 
with known biological processes. We observe that most types of DRs are more abundant than 
would be expected by chance. Complementary DRs usually display asymmetrical strand 
distribution, favouring TT and GT repeats in the coding strands. In addition, we find that GT 
repeats are among the longest DRs in the three genomes. We also show that specific DRs are 
non-uniformly distributed along the polycistronic unit, decreasing toward its boundaries. 
Distinctive non-uniform density patterns were also found in the intergenic regions, with 
predominance at the vicinity of the ORFs. These findings further support that DRs may control 
genome structure and gene expression. 
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We present a novel algorithm called CrystalDock that analyses a molecular pocket of 

interest and identifies potential binding fragments. The programme first identifies groups of 
pocket-lining receptor residues (i.e. microenvironments) and then searches for geometrically 
similar microenvironments present in publically available databases of ligand-bound 
experimental structures. Germane fragments from the crystallographic or NMR ligands are 
subsequently placed within the novel binding pocket. These positioned fragments can be linked 
together to produce ligands that are likely to be potent; alternatively, they can be joined to an 
inhibitor with a known or suspected binding position to potentially improve binding affinity. To 
demonstrate the utility of the algorithm, CrystalDock is used to analyse the principal binding 
pockets of influenza neuraminidase and Trypanosoma brucei RNA editing ligase 1, validated 
drug targets in the fight against pandemic influenza and African sleeping sickness, respectively. 
In both cases, CrystalDock suggests modifications to known inhibitors that may improve binding 
affinity. 
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Protozoa constitute the earliest branch of the eukaryotic lineage, and several groups of 

protozoans are serious parasites of humans and other animals. Better understanding of 
biochemical pathways that are either in common with or divergent from those of higher 
eukaryotes is integral in the defence against these parasites. In yeast and humans, the 
posttranslational methylation of arginine residues in proteins affects myriad cellular processes, 
including transcription, RNA processing, DNA replication and repair, and signal transduction. 
The protein arginine methyltransferases (PRMTs) that catalyse these reactions, which are unique 
to the eukaryotic kingdom of organisms, first become evident in protozoa. In this review, we 
focus on the current understanding of arginine methylation in multiple species of parasitic 
protozoa, including Trichomonas, Entamoeba, Toxoplasma, Plasmodium, and Trypanosoma 
spp., and discuss how arginine methylation may play important and unique roles in each type of 
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parasite. We mine available genomic and transcriptomic data to inventory the families of PRMTs 
in different parasites and the changes in their abundance during the life cycle. We further review 
the limited functional studies on the roles of arginine methylation in parasites, including 
epigenetic regulation in Apicomplexa and RNA processing in trypanosomes. Interestingly, each 
of the parasites considered herein has significantly differing sets of PRMTs, and we speculate on 
the importance of this diversity in aspects of parasite biology, such as differentiation and 
antigenic variation. 
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kernel-based orthogonal projections to latent structures optimized by simulated 
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Production of ATP by the glycolytic pathway in the mammalian pathogenic stage of 

protists from the genus Trypanosoma is required for the survival of the parasites. Cofactor-
independent phosphoglycerate mutase (iPGAM) is particularly attractive as a drug target because 
it shows no similarity to the corresponding enzyme in humans, and has also been genetically 
validated as a target by RNAi experiments. It has previously been shown that trypanosomatid 
iPGAMs require Co2+ to reach maximal activity, but the biologically relevant metal has remained 
unclear. In this paper the metal content in the cytosol of procyclic and bloodstream-form T. 
brucei (analysed by inductively coupled plasma-optical emission spectroscopy) shows that Mg2+, 
Zn2+  and Fe2+ were the most abundant, whereas Co2+ was below the limit of detection (<0.035 
µM). The low concentration indicates that Co2+ is unlikely to be the biologically relevant metal, 
but that instead, Mg2+ and/or Zn2+ may assume this role. Results from metal analysis of purified 
Leishmania mexicana iPGAM by inductively coupled plasma-mass spectrometry also show high 
concentrations of Mg2+ and Zn2+, and are consistent with this proposal. Our data suggest that in 

vivo cellular conditions lacking Co2+ are unable to support the maximal activity of iPGAM, but 
instead maintain its activity at a relatively low level by using Mg2+ and/or Zn2+. The 
physiological significance of these observations is being pursued by structural, biochemical and 
biophysical studies. 
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function in Trypanosoma brucei: identification of conserved and novel interaction 



Tsetse and Trypanosomosis Information 

 113

partners. Eukaryotic Cell, 10 (8): 1082-1094. 
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Acidocalcisomes are acidic calcium and polyphosphate storage organelles found in a 

diverse range of organisms. Here we present evidence that the biogenesis of acidocalcisomes in 
Trypanosoma brucei is linked to the expression of adaptor protein-3 (AP-3) complex. 
Localization studies in cell lines expressing beta3 and delta subunits of AP-3 fused to epitope 
tags revealed their partial co-localization with the vacuolar proton pyrophosphatase, a marker of 
acidocalcisomes, with the Golgi marker Golgi reassembly and stacking protein, and with 
antibodies against the small GTPase Rab11. Ablation of the beta3 subunit by RNA interference 
(RNAi) resulted in disappearance of acidocalcisomes from both procyclic and bloodstream form 
trypanosomes, as revealed by immmunofluorescence and electron microscopy assays, with no 
alterations in trafficking of different markers to lysosomes. Knockdown of the beta3 subunit 
resulted in lower acidic calcium, pyrophosphate, and polyphosphate content as well as defects in 
growth in culture, resistance to osmotic stress, and virulence in mice. Similar results were 
obtained by knocking down the expression of the delta subunit of AP-3. These results indicate 
that AP-3 is essential for the biogenesis of acidocalcisomes and for growth and virulence of T. 
brucei. 
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The rapid increase in the availability of genome information has created considerable 
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demand for both comparative and ab initio predictive bioinformatic analyses. The biology laid 
bare in the genomes of many organisms is often novel, presenting new challenges for 
bioinformatic interrogation. A paradigm for this is the collected genomes of the kinetoplastid 
parasites, a group which includes Trypanosoma brucei the causative agent of human African 
trypanosomiasis. These genomes, though outwardly simple in organisation and gene content, 
have historically challenged many theories for gene expression regulation in eukaryotes. Here we 
utilise a Bayesian approach to identify local changes in nucleotide composition in the genome of 
T. brucei. We show that there are several elements which are found at the starts and ends of 
multicopy gene arrays and that there are compositional elements that are common to all 
intergenic regions. We also show that there is a composition-inversion element that occurs at the 
position of the trans-splice site. The nature of the elements discovered reinforces the hypothesis 
that context dependant RNA secondary structure has an important influence on gene expression 
regulation in Trypanosoma brucei. 
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Trypanosoma brucei is a parasitic protozoan that causes African sleeping sickness. It 

contains a flagellum required for locomotion and viability. In addition to a microtubular 
axoneme, the flagellum contains a crystalline paraflagellar rod (PFR) and connecting proteins. 
We show here, by cryoelectron tomography, the structure of the flagellum in three bending 
states. The PFR lattice in straight flagella repeats every 56 nm along the length of the axoneme, 
matching the spacing of the connecting proteins. During flagellar bending, the PFR 
crystallographic unit cell lengths remain constant while the interaxial angles vary, similar to a 
jackscrew. The axoneme drives the expansion and compression of the PFR lattice. We propose 
that the PFR modifies the in-plane axoneme motion to produce the characteristic trypanosome 
bihelical motility as captured by high-speed light microscope videography. 
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The cell surface of Trypanosoma brucei is dominated by the glycosylphosphatidylinositol-

anchored variant surface glycoprotein (VSG), which is essential for immune evasion. VSG 
biosynthesis, trafficking, and turnover are well documented, but trans-membrane domain (TMD) 
proteins, including the invariant surface glycoproteins (ISGs), are less well characterized. 
Internalization and degradation of ISG65 depend on ubiquitylation of conserved cytoplasmic 
lysines. Using epitope-tagged ISG75 and reporter chimeric proteins bearing the cytoplasmic and 
trans-membrane regions of ISG75, together with multiple mutants with lysine-to-arginine 
mutations, we demonstrate that the cytoplasmic tail of ISG75 is both sufficient and necessary for 
endosomal targeting and degradation. The ISG75 chimeric reporter protein localized to endocytic 
organelles, while lysine-null versions were significantly stabilized at the cell surface. 
Importantly, ISG75 cytoplasmic lysines are modified by extensive oligoubiquitin chains and 
ubiquitylation is abolished in the lysine-null version. Furthermore, we find evidence for 
differential modes of turnover of ISG65 and ISG75. Full-length lysine-null ISG65 localization 
and protein turnover are significantly perturbed, but ISG75 localization and protein turnover are 
not, while ubiquitin conjugates can be detected for full-length lysine-null ISG75 but not ISG65. 
We find that the ISG75 ectodomain has a predicted coiled-coil, suggesting that ISG75 could be 
part of a complex, while ISG65 behaves independently. We also demonstrate a developmental 
stage-specific mechanism for exclusion of surface ISG expression in insect-stage cells by a 
ubiquitin-independent mechanism. We suggest that ubiquitylation may be a general mechanism 
for regulating trans-membrane domain surface proteins in trypanosomes. 
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Rab small GTPases are important mediators of membrane transport, and orthologues 

frequently retain similar locations and functions, even between highly divergent taxa. In 
metazoan organisms Rab23 is an important negative regulator of sonic hedgehog signalling and 
is crucial for correct development and differentiation of cellular lineages by virtue of an 
involvement in ciliary recycling. Previously, we reported that Trypanosoma brucei Rab23 
localized to the nuclear envelope 1, which is clearly inconsistent with the mammalian location 
and function. As T. brucei is unicellular the potential that Rab23 has no role in cell signalling 
was possible. Here we sought to further investigate the role(s) of Rab23 in T. brucei to determine 
if Rab23 was an example of a Rab protein with divergent function in distinct taxa. The 
taxonomic distribution of Rab23 was examined and compared with the presence of flagella/cilia 
in representative taxa. Despite evidence for considerable secondary loss, we found a clear 
correlation between a conventional flagellar structure and the presence of a Rab23 orthologue in 
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the genome. By epitope-tagging, Rab23 was localized and found to be present at the flagellum 
throughout the cell cycle. However, RNAi knockdown did not result in a flagellar defect, 
suggesting that Rab23 is not required for construction or maintenance of the flagellum. In 
conclusion, the location of Rab23 at the flagellum is conserved between mammals and 
trypanosomes and the Rab23 gene is restricted to flagellated organisms. These data may suggest 
the presence of a Rab23-mediated signalling mechanism in trypanosomes. 
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New drugs are needed to treat human African trypanosomiasis because the currently 
approved treatments are toxic or limited in efficacy. One strategy for developing new drugs 
involves discovering novel genes whose products can be targeted for modulation by small-
molecule chemotherapeutic agents. The Trypanosoma brucei genome contains many genes with 
the potential to become such targets. Kinases represent one group of genes that regulate many 
important cell functions and can be modulated by small molecules, thus representing a promising 
group of enzymes to screen for potential therapeutic targets. RNAi screens could help identify 
the most promising kinase targets, but the lack of suitable assays represents a barrier for 
optimizing the use of this technology in T. brucei. Here, we describe an RNAi screen of a small 
RNAi library targeting 30 members of the T. brucei kinome utilizing a luciferase-based assay. 
This screen both validated the luciferase-based assay as a suitable method for conducting RNAi 
screens in T. brucei and also identified two kinases (CRK12 and ERK8) that are essential for 
normal proliferation by the parasite. 
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The mitochondrial genome of kinetoplastids, including species of Trypanosoma and 

Leishmania, is an unprecedented DNA structure of catenated maxicircles and minicircles. 
Maxicircles represent the typical mitochondrial genome encoding components of the respiratory 
complexes and ribosomes. However, most mRNA sequences are cryptic, and their maturation 
requires a unique U insertion/deletion RNA editing. Minicircles encode hundreds of small guide 
RNAs (gRNAs) that partially anneal with unedited mRNAs and direct the extensive editing. 
Trypanosoma brucei gRNAs and mRNAs are transcribed as polycistronic precursors, which 
undergo processing preceding editing; however, the relevant nucleases are unknown. We report 
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the identification and functional characterization of a close homologue of editing endonucleases, 
mRPN1 (mitochondrial RNA precursor-processing endonuclease 1), which is involved in gRNA 
biogenesis. Recombinant mRPN1 is a dimeric dsRNA-dependent endonuclease that requires 
Mg2+, a critical catalytic carboxylate, and generates 2-nucleotide 3' overhangs. The cleavage 
specificity of mRPN1 is reminiscent of bacterial RNase III and thus is fundamentally distinct 
from editing endonucleases, which target a single scissile bond. An inducible knockdown of 
mRPN1 in T. brucei results in loss of gRNA and accumulation of precursor transcripts (pre-
gRNAs), consistent with a role of mRPN1 in processing. mRPN1 stably associates with three 
proteins previously identified in relatively large complexes that do not contain mRPN1, and have 
been linked with multiple aspects of mitochondrial RNA metabolism. One protein, TbRGG2, 
directly binds mRPN1 and is thought to modulate gRNA utilization by editing complexes. The 
proposed participation of mRPN1 in processing of polycistronic RNA and its specific protein 
interactions in gRNA expression are discussed. 
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The steady-state level of each mRNA in a cell is a balance between synthesis and 

degradation. Here, we use high-throughput RNA sequencing (RNASeq) to determine the 
relationship between mRNA degradation and mRNA abundance on a transcriptome-wide scale. 
The model organism used was the bloodstream form of Trypanosoma brucei, a protist that lacks 
regulation of RNA polymerase II initiation. The mRNA half-lives varied over two orders of 
magnitude, with a median half-life of 13 min for total (rRNA-depleted) mRNA. Data for 
poly(A)+ RNA yielded shorter half-lives than for total RNA, indicating that removal of the 
poly(A) tail was usually the first step in degradation. Depletion of the major 5'-3' 
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exoribonuclease, XRNA, resulted in the stabilization of most mRNAs with half-lives of less than 
30 min. Thus, on a transcriptome-wide scale, degradation of most mRNAs is initiated by 
deadenylation. Trypanosome mRNA levels are strongly influenced by gene copy number and 
mRNA half-life: very abundant mRNAs that are required throughout the life-cycle may be 
encoded by multicopy genes and have intermediate-to-long half-lives; those encoding ribosomal 
proteins, with one to two gene copies, are exceptionally stable. Developmentally regulated 
transcripts with a lower abundance in the bloodstream forms than the procyclic forms had half-
lives around the median, whereas those with a higher abundance in the bloodstream forms than 
the procyclic forms, such as those encoding glycolytic enzymes, had longer half-lives. 

 
16003. Mani, J., Guttinger, A., Schimanski, B., Heller, M., Acosta-Serrano, A., Pescher, P., 

Spath, G. & Roditi, I., 2011. Alba-domain proteins of Trypanosoma brucei are 
cytoplasmic RNA-binding proteins that interact with the translation machinery. PLoS 

One, 6 (7): e22463. 
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Trypanosoma brucei and related pathogens transcribe most genes as polycistronic arrays 

that are subsequently processed into monocistronic mRNAs. Expression is frequently regulated 
post-transcriptionally by cis-acting elements in the untranslated regions (UTRs). GPEET and EP 
procyclins are the major surface proteins of procyclic (insect midgut) forms of T. brucei. Three 
regulatory elements common to the 3' UTRs of both mRNAs regulate mRNA turnover and 
translation. The glycerol-responsive element (GRE) is unique to the GPEET 3' UTR and 
regulates its expression independently from EP. A synthetic RNA encompassing the GRE 
showed robust sequence-specific interactions with cytoplasmic proteins in electromobility shift 
assays. This, combined with column chromatography, led to the identification of 3 Alba-domain 
proteins. RNAi against Alba3 caused a growth phenotype and reduced the levels of Alba1 and 
Alba2 proteins, indicative of interactions between family members. Tandem-affinity purification 
and co-immunoprecipitation verified these interactions and also identified Alba4 in sub-
stoichiometric amounts. Alba proteins are cytoplasmic and are recruited to starvation granules 
together with poly(A) RNA. Concomitant depletion of all four Alba proteins by RNAi 
specifically reduced translation of a reporter transcript flanked by the GPEET 3' UTR. Pulldown 
of tagged Alba proteins confirmed interactions with poly(A) binding proteins, ribosomal protein 
P0 and, in the case of Alba3, the cap-binding protein eIF4E4. In addition, Alba2 and Alba3 
partially cosediment with polyribosomes in sucrose gradients. Alba-domain proteins seem to 
have exhibited great functional plasticity in the course of evolution. First identified as DNA-
binding proteins in Archaea, then in association with nuclear RNase MRP/P in yeast and 
mammalian cells, they were recently described as components of a translationally silent complex 
containing stage-regulated mRNAs in Plasmodium. Our results are also consistent with stage-
specific regulation of translation in trypanosomes, but most likely in the context of initiation. 
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evolutionary relationships of a trypanosomal thiolase. International Journal of 

Parasitology, 41 (12): 1273-1283. 
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P. & Wilson, D., 2012. VectorBase: improvements to a bioinformatics resource for 
invertebrate vector genomics. Nucleic Acids Research, 40 (Database issue): D729-734. 
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VectorBase (http://www.vectorbase.org) is a NIAID-supported bioinformatics resource for 

invertebrate vectors of human pathogens. It hosts data for nine genomes: mosquitoes (three 
Anopheles gambiae genomes, Aedes aegypti and Culex quinquefasciatus), tick (Ixodes 

scapularis), body louse (Pediculus humanus), kissing bug (Rhodnius prolixus) and tsetse fly 
(Glossina morsitans). Hosted data range from genomic features and expression data to 
population genetics and ontologies. We describe improvements and integration of new data that 
expand our taxonomic coverage. Releases are bi-monthly and include the delivery of preliminary 
data for emerging genomes. Frequent updates of the genome browser provide VectorBase users 
with increasing options for visualizing their own high-throughput data. One major development 
is a new population biology resource for storing genomic variations, insecticide resistance data 
and their associated metadata. It takes advantage of improved ontologies and controlled 
vocabularies. Combined, these new features ensure timely release of multiple types of data in the 
public domain while helping overcome the bottlenecks of bioinformatics and annotation by 
engaging with our user community. 
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In trypanosomes, all RNAs are processed by the concerted action of trans-splicing and 

polyadenylation. In trans-splicing, a common spliced leader (SL) is donated to all mRNAs from 
a small RNA molecule, the SL RNA. This article summarizes recent findings in the field 
focusing on SL RNA transcription, cap modifications and pseudouridylation. The role(s) of these 
modifications for splicing and gene expression are discussed. The recruitment of SL RNA to the 
spliceosome depends on splicing factors and recent progress in identifying such factors is 
described. A recent major advance in understanding the role of trans-splicing in the trypanosome 
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transcriptome was obtained by whole-genome mapping of the SL and polyadenylation sites, 
revealing surprising heterogeneity and suggesting that gene regulation, especially during cycling 
between the two hosts of the parasite, involves alternative trans-splicing. Finally, the SL 
silencing mechanism, which is harnessed by the parasite to control gene expression under stress, 
is discussed. 

 
16007. Mooers, B. H. & Singh, A., 2011. The crystal structure of an oligo(U):pre-mRNA 

duplex from a trypanosome RNA editing substrate. RNA, 17 (10): 1870-1883. 
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brucei. Biochemical & Biophysical Research Communications, 415 (2): 421-425. 
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The procyclic stage of Trypanosoma brucei is covered by glycosylphosphatidylinositol 

(GPI)-anchored surface proteins called procyclins. The procyclin GPI anchor contains a side 
chain of N-acetyllactosamine repeats terminated by sialic acids. Sialic acid modification is 
mediated by trans-sialidases expressed on the parasite's cell surface. Previous studies suggested 
the presence of more than one active trans-sialidase, but only one has so far been reported. Here 
we cloned and examined enzyme activities of four additional trans-sialidase homologues, and 
show that one of them, Tb927.8.7350, encodes another active trans-sialidase, designated as 
TbSA C2. In an in vitro assay, TbSA C2 utilized alpha2-3 sialyllactose as a donor, and produced 
an alpha2-3-sialylated product, suggesting that it is an alpha2-3 trans-sialidase. We suggest that 
TbSA C2 plays a role in the sialic acid modification of the trypanosome cell surface. 
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RNA pol I transcription in Trypanosoma brucei. Molecular & Biochemical Parasitology, 
180 (1): 43-44. 
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Lepesheva, G. I., Chaudhuri, M. & Nes, W. D., 2011. Novel sterol metabolic network 
of Trypanosoma brucei procyclic and bloodstream forms. Biochemical Journal. E 
Publication ahead of print, December 9. 
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Texas Tech University, Lubbock, USA. [wdavid.nes@ttu.edu]. 

 
Trypanosoma brucei is the protozoan parasite that causes African trypanosomiasis, a 

neglected disease of people and animals. Co-metabolite analysis, labelling studies using methyl- 

2H3 ]methionine and substrate/product-specificities of the cloned sterol C24-methyl transferase 
(24-SMT) and sterol C14-demethylase (14-SDM) from T. brucei afforded an uncommon sterol 
metabolic network that proceeds from lanosterol and 31-norlanosterol to ergosta-5,7,25(27)-
trien-3beta-ol (ETO), 24-dimethyl ergosta-5,7,25(27)-trienol (DTO) and ergosta-5,7,22(23)-
trienol (ergosterol). To assess the possible carbon sources of ergosterol biosynthesis, specifically 
13C-labeled specimens of lanosterol, acetate, leucine and glucose were administered to T. brucei 
and the 13C distributions found were in accord with the operation of the acetate-mevalonate 
pathway, with leucine as an alternate precursor to ergostenols in either the insect or bloodstream 
form. In searching for metabolic signatures of procyclic cells, we observed that the 13C-labeling 
treatments induce fluctuations between the acetyl-CoA (mitochondrial) and sterol (cytosolic) 
synthetic pathways detected in the progressive increase in 13C-ergosterol production (control < 
[2-13C]leucine < [2-13C]acetate < [1-13C]glucose) and corresponding depletion of cholesta-
5,7,24-trienol. We conclude that anabolic fluxes originating in mitochondrial metabolism 
constitute a flexible part of sterol synthesis that is further fluctuated in the cytosol yielding 
distinct sterol profiles in relation to cell demands on growth. 

 
16011. Oberholzer, M., Langousis, G., Nguyen, H. T., Saada, E. A., Shimogawa, M. M., 

Jonsson, Z. O., Nguyen, S. M., Wohlschlegel, J. A. & Hill, K. L., 2011. Independent 
analysis of the flagellum surface and matrix proteomes provides insight into flagellum 
signalling in mammalian-infectious Trypanosoma brucei. Molecular & Cellular 

Proteomics, 10 (10): M111 010538. 
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The flagellum of African trypanosomes is an essential and multifunctional organelle that 

functions in motility, cell morphogenesis, and host-parasite interaction. Previous studies of the 
trypanosome flagellum have been limited by the inability to purify flagella without first 
removing the flagellar membrane. This limitation is particularly relevant in the context of 
studying flagellum signalling, as signalling requires surface-exposed proteins in the flagellar 
membrane and soluble signalling proteins in the flagellar matrix. Here we employ a combination 
of genetic and mechanical approaches to purify intact flagella from the African trypanosome, 
Trypanosoma brucei, in its mammalian-infectious stage. We combined flagellum purification 
with affinity-purification of surface-exposed proteins to conduct independent proteomic analyses 
of the flagellum surface and matrix fractions. The proteins identified encompass a broad range of 
molecular functionalities, including many predicted to function in signalling. 
Immunofluorescence and RNA interference studies demonstrate flagellum localization and 
function for proteins identified and provide insight into mechanisms of flagellum attachment and 
motility. The flagellum surface proteome includes many T. brucei-specific proteins and is 
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enriched for proteins up-regulated in the mammalian-infectious stage of the parasite life-cycle. 
The combined results indicate that the flagellum surface presents a diverse and dynamic host-
parasite interface that is well-suited for host-parasite signalling. 
 
16012. Park, S. H., Nguyen, T. N., Kirkham, J. K., Lee, J. H. & Gunzl, A., 2011. 

Transcription by the multifunctional RNA polymerase I in Trypanosoma brucei functions 
independently of RPB7. Molecular & Biochemical Parasitology, 180 (1): 35-42. 
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Trypanosoma brucei has a multifunctional RNA polymerase (pol) I that transcribes 

ribosomal gene units (RRNA) and units encoding its major cell surface proteins variant surface 
glycoprotein (VSG) and procyclin. Previous analysis of tandem affinity-purified, 
transcriptionally active RNA pol I identified ten subunits including an apparently 
trypanosomatid-specific protein termed RPA31. Another orthologue was identified in silico. No 
orthologues of the yeast subunit doublet RPA43/RPA14 have been identified yet. Instead, a 
recent report presented evidence that RPB7, the RNA pol II paralogue of RPA43, is an RNA pol 
I subunit and essential for RRNA and VSG transcription in bloodstream form trypanosomes. 
Revisiting this attractive hypothesis, we were unable to detect a stable interaction between RPB7 
and RNA pol I in either reciprocal co-immunoprecipitation or tandem affinity purification. 
Furthermore, immunodepletion of RPB7 from extract virtually abolished RNA pol II 
transcription in vitro but had no effect on RRNA or VSG ES promoter transcription in the same 
reactions. Accordingly, chromatin immunoprecipitation analysis revealed cross-linking of RPB7 
to known RNA pol II transcription units but not to the VSG ES promoter or to the 18S rRNA 
coding region. Interestingly, RPB7 did crosslink to the RRNA promoter but so did the RNA pol 
II-specific subunit RPB9 suggesting that RNA pol II is recruited to this promoter. Overall, our 
data led to the conclusion that RNA pol I transcription in T. brucei does not require the RNA pol 
II subunit RPB7. 
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reacting nanobody. Nucleic Acids Research. E Publication ahead of print, October 27. 
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A., De Baetselier, P. & Lutz, M. B., 2011. Similar inflammatory DC maturation 
signatures induced by TNF or Trypanosoma brucei antigens instruct default Th2-cell 
responses. European Journal of Immunology, 41 (12): 3479-3494. 
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Dendritic cells (DCs) represent the major cell type leading to polarized T-helper (Th) cell 

responses in vivo. Here, we asked whether the instruction of murine Th2 responses by DCs 
matured with the proinflammatory cytokine TNF is qualitatively different from maturation by 
different types of TLR4/MyD88-dependent variant-specific surface glycoproteins (VSGs) of 
Trypanosoma brucei (T. brucei). The results obtained by analysing DC surface markers, Notch 
ligand mRNA, cytokines, asthma, and experimental autoimmune encephalomyelitis (EAE) 
models as well as performing microarrays indicate that both types of stimuli induce similar 
inflammatory, semi-mature DC profiles. DCs matured by TNF or VSG treatment expressed a 
common inflammatory signature of 24 genes correlating with their Th2-polarization capacity. 
However, the same 24 genes and 4 498 additional genes were expressed by DCs treated with 
LPS that went on to induce Th1 cells. These findings support the concept of a default pathway 
for Th2-cell induction in DCs matured under suboptimal or inflammatory conditions, 
independent of the surface receptors and signalling pathways involved. Our data also indicate 
that quantitative differences in DC maturation might direct Th2- vs Th1-cell responses, since 
suboptimally matured inflammatory DCs induce default Th2-cell maturation, whereas fully 
mature DCs induce Th1-cell maturation. 
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Ca2+ channels regulate many crucial processes within cells and their abnormal activity can 

be damaging to cell survival, suggesting that they might represent attractive therapeutic targets in 
pathogenic organisms. Parasitic diseases such as malaria, leishmaniasis, trypanosomiasis and 
schistosomiasis are responsible for millions of deaths each year worldwide. The genomes of 
many pathogenic parasites have recently been sequenced, opening the way for rational design of 
targeted therapies. We analysed genomes of pathogenic protozoan parasites as well as the 
genome of Schistosoma mansoni, and show the existence within them of genes encoding 
homologues of mammalian intracellular Ca2+ release channels: inositol 1,4,5-trisphosphate 
receptors (IP3Rs), ryanodine receptors (RyRs), two-pore Ca2+ channels (TPCs) and intracellular 
transient receptor potential (Trp) channels. The genomes of Trypanosoma, Leishmania and S. 

mansoni parasites encode IP3R/RyR and Trp channel homologues, and that of S. mansoni 
additionally encodes a TPC homologue. In contrast, apicomplexan parasites lack genes encoding 
IP3R/RyR homologues and possess only genes encoding TPC and Trp channel homologues 
(Toxoplasma gondii) or Trp channel homologues alone. The genomes of parasites also encode 
homologues of mammalian Ca2+ influx channels, including voltage-gated Ca2+ channels and 
plasma membrane Trp channels. The genome of S. mansoni also encodes Orai Ca2+ channel and 
STIM Ca2+ sensor homologues, suggesting that store-operated Ca2+ entry may occur in this 
parasite. Many anti-parasitic agents alter parasite Ca2+ homeostasis and some are known 
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modulators of mammalian Ca2+ channels, suggesting that parasite Ca2+ channel homologues 
might be the targets of some current anti-parasitic drugs. Differences between human and 
parasite Ca2+ channels suggest that pathogen-specific targeting of these channels may be an 
attractive therapeutic prospect. 
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pseudopeptidase and a virulence factor. Journal of Biological Chemistry, 286 (46): 
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Metacaspases are caspase family cysteine peptidases found in plants, fungi, and protozoa 
but not mammals. Trypanosoma brucei is unusual in having five metacaspases (MCA1-MCA5), 
of which MCA1 and MCA4 have active site substitutions, making them possible non-enzymatic 
homologues. Here we demonstrate that recombinant MCA4 lacks detectable peptidase activity 
despite maintaining a functional peptidase structure. MCA4 is expressed primarily in the 
bloodstream form of the parasite and associates with the flagellar membrane via dual 
myristoylation/palmitoylation. Loss of function phenotyping revealed critical roles for MCA4; 
rapid depletion by RNAi caused lethal disruption to the parasite's cell cycle, yet the generation of 
MCA4 null mutant parasites (Deltamca4) was possible. Deltamca4 had normal growth in axenic 
culture but markedly reduced virulence in mice. Further analysis revealed that MCA4 is released 
from the parasite and is specifically processed by MCA3, the only metacaspase that is both 
palmitoylated and enzymatically active. Accordingly, we have identified that the multiple 
metacaspases in T. brucei form a membrane-associated proteolytic cascade to generate a 
pseudopeptidase virulence factor. 
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16019. Roldan, A., Comini, M. A., Crispo, M. & Krauth-Siegel, R. L., 2011. Lipoamide 

dehydrogenase is essential for both bloodstream and procyclic Trypanosoma brucei. 
Molecular Microbiology, 81 (3): 623-639. 
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Lipoamide dehydrogenase (LipDH) is a component of four mitochondrial multienzyme 

complexes. RNA interference or the deletion of both alleles in bloodstream Trypanosoma brucei 
resulted in an absolute requirement for exogenous thymidine. In the absence of thymidine, lipdh-
/- parasites showed a severely altered morphology and cell cycle distribution. Most probably, in 
bloodstream cells with their only rudimentary mitochondrion, LipDH is required as component 
of the glycine cleavage complex which generates methylene-tetrahydrofolate for dTMP and thus 
DNA synthesis. The essential role of LipDH in bloodstream parasites was confirmed by an in 

vivo model. Lipdh-/- cells were unable to infect mice. Our data further revealed that degradation 
of branched-chain amino acids takes place but is dispensable. In cultured bloodstream-but not 
procyclic-African trypanosomes, the total cellular concentration of LipDH increases with 
increasing cell densities. In procyclic parasites, LipDH mRNA depletion caused an even stronger 
proliferation defect that was not reversed by thymidine suggesting that in the fully elaborated 
mitochondrion of these cells the primary effect is not on the glycine cleavage complex. Since the 
medium used for the cultivation of procyclic cells was not supplemented with glucose, 
impairment of the 2-ketoglutarate dehydrogenase complex is probably the main effect of LipDH 
depletion. 
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Trypanosoma brucei undergoes major biochemical and morphological changes during its 

development from the bloodstream form in the mammalian host to the procyclic form in the 
midgut of its insect host. The underlying regulation of gene expression, however, is poorly 
understood. More than 60 percent of the predicted genes remain annotated as hypothetical, and 
the 5' and 3' untranslated regions important for regulation of gene expression are unknown for 
>90 percent of the genes. In this review, we compare the data from four recently published high-
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throughput RNA sequencing studies in light of the different experimental setups and discuss how 
these data can enhance genome annotation and give insights into the regulation of gene 
expression in T. brucei. 
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We present the first functional analysis of the small GTPase, TbRab7, in Trypanosoma 

brucei. TbRab7 defines discrete late endosomes closely juxtaposed to the terminal p67(+) 
lysosome. RNAi indicates that TbRab7 is essential in bloodstream trypanosomes. Initial rates of 
endocytosis were unaffected, but lysosomal delivery of cargo, including tomato lectin (TL) and 
trypanolytic factor (TLF) were blocked. These accumulate in a dispersed internal compartment 
of elevated pH, likely derived from the late endosome. Surface binding of TL but not TLF was 
reduced, suggesting that cellular distribution of flagellar pocket receptors is differentially 
regulated by TbRab7. TLF activity was reduced approximately three-fold confirming that 
lysosomal delivery is critical for trypanotoxicity. Unexpectedly, delivery of endogenous proteins, 
p67 and TbCatL, was unaffected indicating that TbRab7 does not regulate biosynthetic 
lysosomal trafficking. Thus, unlike mammalian cells and yeast, lysosomal trafficking of 
endocytosed and endogenous proteins occurs via different routes and/or isregulated 
differentially. TbRab7 silencing had no effect on a cryptic default pathway to the lysosome, 
suggesting that the default lysosomal reporters p67DeltaTM, p67DeltaCD and VSGDeltaGPI do 
not utilize the endocytic pathway as previously proposed. Surprisingly, conditional knockout 
indicates that TbRab7 may be non-essential in procyclic insect form trypanosomes. 
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Trypanosoma brucei brucei infects livestock, with severe effects in horses and dogs. 

Mouse strains differ greatly in susceptibility to this parasite. However, no genes controlling these 
differences were mapped. We studied the genetic control of survival after T. b. brucei infection 
using recombinant congenic (RC) strains, which have a high mapping power. Each RC strain of 
BALB/c-c-STS/A (CcS/Dem) series contains a different random subset of 12.5 percent genes 
from the parental "donor" strain STS/A and 87.5 percent genes from the "background" strain 
BALB/c. Although BALB/c and STS/A mice are similarly susceptible to T. b. brucei, the RC 
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strain CcS-11 is more susceptible than either of them. We analysed the genetics of survival in T. 
b. brucei-infected F2 hybrids between BALB/c and CcS-11. CcS-11 strain carries STS-derived 
segments on eight chromosomes. They were genotyped in the F2 hybrid mice and their linkage 
with survival was tested by analysis of variance.  We mapped four Tbbr (Trypanosoma brucei 
brucei response) loci that influence survival after T. b. brucei infection. Tbbr1 (chromosome 3) 
and Tbbr2 (chromosome 12) have effects on survival independent of inter-genic interactions 
(main effects). Tbbr3 (chromosome 7) influences survival in interaction with Tbbr4 
(chromosome 19). Tbbr2 is located on a 2.15 Mb short segment that contains only 26 genes. This 
study presents the first identification of chromosomal loci controlling susceptibility to T. b. 
brucei infection. While mapping in F2 hybrids of inbred strains usually has a precision of 40-80 
Mb, in RC strains we mapped Tbbr2 to a 2.15 Mb segment containing only 26 genes, which will 
enable an effective search for the candidate gene. Definition of susceptibility genes will improve 
the understanding of pathways and genetic diversity underlying the disease and may result in 
new strategies to overcome the active subversion of the immune system by T. b. brucei. 
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16024. Spears, J. L., Rubio, M. A., Gaston, K. W., Wywial, E., Strikoudis, A., Bujnicki, J. 

M., Papavasiliou, F. N. & Alfonzo, J. D., 2011. A single zinc ion is sufficient for an 
active Trypanosoma brucei tRNA editing deaminase. Journal of Biological Chemistry, 
286 (23): 20366-20374. 
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16025. Stanne, T. M., Kushwaha, M., Wand, M., Taylor, J. E. & Rudenko, G., 2011. 

TbISWI regulates multiple polymerase I (Pol I)-transcribed loci and is present at Pol II 
transcription boundaries in Trypanosoma brucei. Eukaryotic Cell, 10 (7): 964-976. 

 
Division of Cell and Molecular Biology, Sir Alexander Fleming Building, Imperial 
College London-South Kensington, Imperial College Road, London, UK. 
[gloria.rudenko@imperial.ac.uk]. 

 
16026. Stephens, N. A. & Hajduk, S. L., 2011. Endosomal localization of the serum resistance-

associated protein in African trypanosomes confers human infectivity. Eukaryotic Cell, 
10 (8): 1023-1033. 

 
Department of Biochemistry and Molecular Biology, University of Georgia, Athens, GA 
30602, USA. [shajduk@bmb.uga.edu]. 
 
Trypanosoma brucei rhodesiense is the causative agent of human African sleeping 

sickness. While the closely related subspecies T. brucei brucei is highly susceptible to lysis by a 
subclass of human high-density lipoproteins (HDL) called trypanosome lytic factor (TLF), T. 
brucei rhodesiense is resistant and therefore able to establish acute and fatal infections in 
humans. This resistance is due to expression of the serum resistance-associated (SRA) gene, a 
member of the variant surface glycoprotein (VSG) gene family. Although much has been done to 
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establish the role of SRA in human serum resistance, the specific molecular mechanism of SRA-
mediated resistance remains a mystery. Thus, we report the trafficking and steady-state 
localization of SRA in order to provide more insight into the mechanism of SRA-mediated 
resistance. We show that SRA traffics to the flagellar pocket of bloodstream-form T. brucei 
organisms, where it localizes transiently before being endocytosed to its steady-state localization 
in endosomes, and we demonstrate that the critical point of colocalization between SRA and TLF 
occurs intracellularly. 
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D., Skepper, J. N., Nikolaou, A., Brys, L., Pays, E., Magez, S., Field, M. C., De 
Baetselier, P. & Muyldermans, S., 2011. High affinity nanobodies against the 
Trypanosoma brucei VSG are potent trypanolytic agents that block endocytosis. PLoS 

Pathogens, 7 (6): e1002072. 
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The African trypanosome Trypanosoma brucei, which persists within the bloodstream of 

the mammalian host, has evolved potent mechanisms for immune evasion. Specifically, antigenic 
variation of the variant-specific surface glycoprotein (VSG) and a highly active endocytosis and 
recycling of the surface coat efficiently delay killing mediated by anti-VSG antibodies. 
Consequently, conventional VSG-specific intact immunoglobulins are non-trypanocidal in the 
absence of complement. In sharp contrast, monovalent antigen-binding fragments, including 15 
kDa nanobodies (Nb) derived from camelid heavy-chain antibodies (HCAbs) recognizing 
variant-specific VSG epitopes, efficiently lyse trypanosomes both in vitro and in vivo. This Nb-
mediated lysis is preceded by very rapid immobilisation of the parasites, massive enlargement of 
the flagellar pocket and major blockade of endocytosis. This is accompanied by severe metabolic 
perturbations reflected by reduced intracellular ATP-levels and loss of mitochondrial membrane 
potential, culminating in cell death. Modification of anti-VSG Nbs through site-directed 
mutagenesis and by reconstitution into HCAbs, combined with unveiling of trypanolytic activity 
from intact immunoglobulins by papain proteolysis, demonstrates that the trypanolytic activity of 
Nbs and Fabs requires low molecular weight, monovalency and high affinity. We propose that 
the generation of low molecular weight VSG-specific trypanolytic nanobodies that impede 
endocytosis offers a new opportunity for developing novel trypanosomiasis therapeutics. In 
addition, these data suggest that the antigen-binding domain of an anti-microbial antibody 
harbours biological functionality that is latent in the intact immunoglobulin and is revealed only 
upon release of the antigen-binding fragment. 
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Molecular & Biochemical Parasitology, 179 (1): 1-7. 

 
Pevion Biotech AG, Worblentalstrasse 32, CH-3063 Ittigen/BE, Switzerland. 
[michael.barrett@glasgow.ac.uk]. 



Tsetse and Trypanosomosis Information 

 130

 
16029. Subota, I., Rotureau, B., Blisnick, T., Ngwabyt, S., Durand-Dubief, M., Engstler, M. 

& Bastin, P., 2011. ALBA proteins are stage regulated during trypanosome development 
in the tsetse fly and participate in differentiation. Molecular Biology of the Cell, 22 (22): 
4205-4219. 
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The protozoan parasite Trypanosoma brucei is responsible for sleeping sickness and 

alternates between mammal and tsetse fly hosts, where it has to adapt to different environments. 
We investigated the role of two members of the ALBA family, which encodes hypothetical 
RNA-binding proteins conserved in most eukaryotes. We show that ALBA3/4 proteins 
colocalize with the DHH1 RNA-binding protein and with a subset of poly(A+) RNA in stress 
granules upon starvation. Depletion of ALBA3/4 proteins by RNA interference in the cultured 
procyclic stage produces cell modifications mimicking several morphogenetic aspects of 
trypanosome differentiation that usually take place in the fly midgut. A combination of 
immunofluorescence data and videomicroscopy analysis of live trypanosomes expressing 
endogenously ALBA fused with fluorescent proteins revealed that ALBA3/4 are present 
throughout the development of the parasite in the tsetse fly, with the striking exception of the 
transition stages found in the proventriculus region. This involves migration of the nucleus 
toward the posterior end of the cell, a phenomenon that is perturbed upon forced expression of 
ALBA3 during the differentiation process, showing for the first time the involvement of an 
RNA-binding protein in trypanosome development in vivo. 
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M. & Pfohl, T., 2011. Impact of microscopic motility on the swimming behaviour of 
parasites: straighter trypanosomes are more directional. PLoS Computational Biology, 7 
(6): e1002058. 
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Microorganisms, particularly parasites, have developed sophisticated swimming 

mechanisms to cope with a varied range of environments. African trypanosomes, causative 
agents of fatal illness in humans and animals, use an insect vector (the tsetse fly) to infect 
mammals, involving many developmental changes in which cell motility is of prime importance. 
Our studies reveal that differences in cell body shape are correlated with a diverse range of cell 
behaviours contributing to the directional motion of the cell. Straighter cells swim more 
directionally while cells that exhibit little net displacement appear to be more bent. Initiation of 
cell division, beginning with the emergence of a second flagellum at the base, correlates to 
directional persistence. Cell trajectory and rapid body fluctuation correlation analysis uncovers 
two characteristic relaxation times: a short relaxation time due to strong body distortions in the 
range of 20 to 80 ms and a longer time associated with the persistence in average swimming 
direction in the order of 15 sec. Different motility modes, possibly resulting from varying body 
stiffness, could be of consequence for host invasion during distinct infective stages. 

 
16034. Utter, C. J., Garcia, S. A., Milone, J. & Bellofatto, V., 2011. PolyA-specific 

ribonuclease (PARN-1) function in stage-specific mRNA turnover in Trypanosoma 
brucei. Eukaryotic Cell, 10 (9): 1230-1240. 
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Deadenylation is often the rate-limiting event in regulating the turnover of cellular mRNAs 

in eukaryotes. Removal of the poly(A) tail initiates mRNA degradation by one of several decay 
pathways, including deadenylation-dependent decapping, followed by 5' to 3' exonuclease decay 
or 3' to 5' exosome-mediated decay. In trypanosomatids, mRNA degradation is important in 
controlling the expression of differentially expressed genes. Genomic annotation studies have 
revealed several potential deadenylases. Poly(A)-specific RNase (PARN) is a key deadenylase 
involved in regulating gene expression in mammals, Xenopus oocytes, and higher plants. 
Trypanosomatids possess three different PARN genes, PARN-1, -2, and -3, each of which is 
expressed at the mRNA level in two life-cycle stages of the human parasite Trypanosoma brucei. 
Here we show that T. brucei PARN-1 is an active deadenylase. To determine the role of PARN-1 
on mRNA stability in vivo, we overexpressed this protein and analysed perturbations in mRNA 
steady-state levels as well as mRNA half-life. Interestingly, a subset of mRNAs was affected, 
including a family of mRNAs that encode stage-specific coat proteins. These data suggest that 
PARN-1 functions in stage-specific protein production. 
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16035. Walrad, P. B., Capewell, P., Fenn, K. & Matthews, K. R., 2011. The post-

transcriptional trans-acting regulator, TbZFP3, co-ordinates transmission-stage enriched 
mRNAs in Trypanosoma brucei. Nucleic Acids Research. E Publication ahead of print, 
December 2. 
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Post-transcriptional gene regulation is essential to eukaryotic development. This is 

particularly emphasized in trypanosome parasites where genes are co-transcribed in polycistronic 
arrays but not necessarily co-regulated. The small CCCH protein, TbZFP3, has been identified as 
a trans-acting post-transcriptional regulator of Procyclin surface antigen expression in 
Trypanosoma brucei. To investigate the wider role of TbZFP3 in parasite transmission, a global 
analysis of associating transcripts was carried out. Examination of a subset of the selected 
transcripts revealed their increased abundance through mRNA stabilization upon TbZFP3 
ectopic overexpression, dependent upon the integrity of the CCCH zinc finger domain. Reporter 
assays demonstrated that this regulation was mediated through 3'-UTR sequences for two target 
transcripts. Global developmental expression profiling of the cohort of TbZFP3-selected 
transcripts revealed their significant enrichment in transmissible stumpy forms of the parasite. 
This analysis of the specific mRNAs selected by the TbZFP3mRNP provides evidence for a 
developmental regulon with the potential to co-ordinate genes important in parasite transmission. 
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protein is required for FAZ assembly and cell morphology in Trypanosoma brucei. 
Journal of Cell Science, 124 (Pt 22): 3848-3858. 
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