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Executive Summary 

 

The workshop was held in Nairobi from 18-19 

January 2017 with the aim of exploring the 

strategic elements of a Theory of Change to 

support L[wLΩǎ Mzima Cow project and, by 

extension, possible strategies and 

considerations for other similar research 

initiatives in developing countries, 

characterised by both the potential for great 

benefit in terms of expected impact but also 

the potential for great controversy, which 

risks affecting the uptake. Theory of Change 

is a άcritical, multi-stakeholder exploration of 

intentions, interests, power and gender 

relations, in order to contribute to social 

justice, equality and sustainable 

developmentέ. It sets out to answer the 

following questions: άWhat change, for 

whom, why ς and who says so?έ The 

workshop additionally set out to explore in 

greater depth some of the challenges 

projects like the Mzima Cow might face in 

regulatory understanding and clearance, and 

particular challenges in communicating the 

research and its outputs to encourage 

uptake. 

Although the research is still at an earlier 

stage, it was assumed for the discussions at 

the workshop that the product (the 

trypanosomiasis or sleeping sickness 

resistant cow) was ready for deployment, 

and participants were encouraged to reflect 

how to best optimise reach and impact on 

target beneficiaries. 

The first part of the meeting discussed the 

scientific and social burden of 

trypanosomiasis. Two forms of African 

trypanosomiasis affect humans, both caused 

by sub-species of Trypanosoma brucei. T.b. 

gambiense causes chronic sleeping sickness, 

while infection with T.b. rhodesiense results 

in acute sleeping sickness. The World Health 

Organisation (WHO) has targeted Human 

African Trypanosomiasis for eradication, and 

significant progress has been made towards 

achieving this goal. However, a significant 

and overlooked obstacle is that domestic 

(mostly cattle) and wild animals provide the 

reservoir for T.b. rhodesiense parasites, and 

therefore targeting human infection alone is 

not enough for effective suppression of the 

disease. 

In addition to its impact on human health, 

trypanosomiasis is also a huge economic 

burden to Africa, in particular for resource-

poor smallholder farmers and pastoralists, 

who are often not able to afford medication 

to treat infected animals. Livestock is a key 

livelihood in the continent; animals and 

animal products are a very important source 

of income and also deliver a wide range of 

other benefits. These include a direct 

contribution of proteins and high quality 

nutrients to households; the provision of 

animal labour and manure for agricultural 

production (and hence the possibility of 

keeping cattle correlates with increases in 

crop productivity); and livestock can act as 

economic buffer in periods of financial need. 

Critically, livestock is central to many African 

cultures, with animals being important for 

social status and key in many social 

interactions (for example, as part of wedding 

dowries). In addition, animal source products 

(in particular milk) are among some of the 

few economic assets women are able to 

control, and therefore trypanosomiasis 

disproportionately impacts the wellbeing of 

this group. 
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There have been a number of initiatives 

focussing on trypanosomiasis control, such as 

the Pan-African Tsetse and Trypanosomiasis 

Eradication Campaign (PATTEC), established 

in 2000 to eradicate tsetse flies (which 

transmit the disease) in Zimbabwe, Zambia, 

Senegal, Ethiopia, Nigeria, Ghana, Kenya and 

Burkina Faso. Challenges faced include how 

to ensure sustainability, since successful 

eradication requires long-term commitment 

and funding from national governments. In 

addition, extensive use of insecticides has 

serious environmental and human health 

implications, in addition to the risk of 

development of resistance in vector 

populations. 

A more sustainable approach to controlling 

trypanosomiasis would be to develop cattle 

breeds able to resist infection. A limitation of 

using conventional breeding methods is that 

there are no livestock breeds which are fully 

resistant to trypanosomes. There is one 

breed ς bΩ5ŀƳŀ ŎŀǘǘƭŜ ς which is able to 

tolerate infection, but animals of this breed 

are small and not suitable as draught 

animals. Tolerance to the disease is 

controlled by a number of genes, each with a 

relatively low effect on variation, and 

therefore the development of tolerant 

breeds by crossing is an expensive, long-term 

endeavour likely to result in an imperfect 

solution. Controlling the disease through the 

development of a vaccine is also not possible 

because trypanosomes are able to evade 

attack by the immune system of susceptible 

hosts due to their ability to continuously 

change their surface antigens. 

However, some primate hosts (including 

humans) have resistance to trypanosomes, 

provided by a protein ς ApoL1 ς which is 

found in a complex called the Trypanosome 

Lytic Factor (TLF) and which circulates in the 

blood as part of άgoodέ cholesterol. 

Therefore, an alternative strategy, to be 

deployed ultimately as part of a set of 

integrated solutions, is to develop a GM cow 

(Mzima Cow) with a synthetic ApoL1 

transgene. This technology has been proven 

to result in full resistance to trypanosomes in 

transgenic mice. 

A key challenge for the deployment of new 

agricultural technologies, which include 

genetic modification (GM), gene editing and 

gene drive technologies, is the lack of 

appropriate regulatory frameworks in African 

countries. The New Partnership for Africa's 

Development (NEPAD) African Biosafety 

Network of Expertise (ABNE) and National 

Biosafety Authorities have the mandate to 

assist in the development of regulations that 

allow harnessing technological advances 

while minimising potential risks to the 

environment and human health. 

Workshop participants were asked to reflect 

on and discuss the key stakeholders affected 

by African trypanosomiasis; on the potential 

impacts of deploying the Mzima Cow, 

including unintended effects; and develop a 

Theory of Change to maximise the beneficial 

impacts of the technology. Two key 

challenges were identified as important for 

the entire timescale and success of the 

project: 

1. Build trust and public acceptance of 

Mzima Cow by all stakeholders concerned. 

Specific actions and target groups vary 

according to the stage of the project and 

geographical location.  

2. Develop high quality studies and data for 

the scientific, economic and social impact 
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of the technology, before and after 

deployment.  

A further key challenge, which will need to be 

addressed once a proof of concept is 

available, will be to: 

3. Devise a detailed plan for technology 

deployment ensuring that targeted 

beneficiaries have access to Mzima cow, 

and are prepared for scale-up. 

More generally, it was felt there an 

opportunity for more engagement and 

awareness raising with stakeholder groups 

who were unaware of some of the nuances 

and paradigms of animal genetic research, 

but for whom such knowledge would be 

critical in playing their part in facilitating the 

effective uptake of the outputs of such 

research (regulators, for example. 

Until they had more knowledge, it is difficult 

for such stakeholder groups to know how 

existing procedures need to evolve in order 

to be applicable to animal research. But 

participants did feel there was merit in trying 

to coordinate between the regulatory and 

other authorities of countries across Africa in 

order to achieve a harmonised regulatory 

environment. 

In general, the approach recommended by 

the workshop was endorsed by pan-African 

agencies present, and was felt to fit will with 

ǘƘŜ !¦Ωǎ нлсо !ƎŜƴŘŀ ŀƴŘ ǎǘǊŀǘŜƎȅΦ 

The unique approach of inviting such a 

diverse group of stakeholders to engage with 

research projects early was greatly 

appreciated, and participants felt there was a 

strong case for a series of such workshops to 

be held as the research progresses. 
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Session 1: Introduction and Welcome 

 

Introduction to the Workshop 

Nick Manson, Interim Programme Director, 

Mzima Cow Project 

The purpose of the Mzima Cow workshop is 

to develop the strategic elements of a Theory 

of Change to support this project as well as 

other similar research initiatives in Africa 

which may be potentially beneficial for the 

continent. The Theory of Change is a 

comprehensive exercise which aims to 

determine how specific programme activities 

and interventions may lead to the desired 

project goals, and to identify the conditions 

that must be in place for this to happen. 

Mzima is a Swahili word meaning well, able-

bodied, or healthy ς hence its use for this 

project to describe cattle who are resistant to 

trypanosomiasis. 

This project is in the vanguard for a number 

of reasons: the Mzima Cow is the first non-

commercial programme for developing a 

transgenic animal for use in the public 

domain, and this may also be the first time 

the Theory of Change approach has been 

applied in such a context. The outcome of 

this workshop is likely to set precedents for 

future interventions and provide insights and 

guidance for other, similar research 

initiatives. 

To develop the Mzima Cow Theory of 

Change, several key assumptions have been 

made: the product development pipeline is 

nearly complete, and the trypanosomiasis-

resistant GM cow is ready for deployment. 

The workshop also assumes that the new 

technology is a άforce for goodέ, although it 

considers the GM cow as only part of the 

solution to a complex problem. However, it is 

not assumed that the GM cow is desirable, 

and participants are encouraged to reflect on 

the impact that the technology may have on 

different stakeholders, society as a whole, 

agricultural production, markets, and animal 

and human health. The workshop is also not 

intended to provide a space for debating the 

specific merits of the technology, nor to 

develop a detailed implementation plan 

(which will be the topic of subsequent 

workshops).   

 

Introduction to the International 

Livestock Research Institute 

Steve Kemp, Program Leader Animal 

Biosciences, ILRI 

The International Livestock Research Institute 

(ILRI) is a member of the Consultative Group 

for International Agricultural Research 

(CGIAR), a global research partnership for a 

food-secure future. ILRI has the mandate to 

carry out research for a better and more 

sustainable use of livestock, with a specific 

ŦƻŎǳǎ ƻƴ ǇƻƻǊ ƴŀǘƛƻƴǎ ŀƴŘ ƘƻǳǎŜƘƻƭŘǎΦ L[wLΩǎ 

main campuses are in Nairobi and Addis 

Ababa, and the institute has offices in 

another fourteen developing countries.  

Animal sourced products are critically 

important from several perspectives. 

Livestock products now comprise 4 of the 5 

highest value traded agricultural 

commodities, and demand is expected to rise 

sharply in the coming decades, especially in 

developing countries where increases in 

meat consumption are outpacing those of 

developed nations. It is estimated that the 

amounts of dairy products and meat required 

will have to nearly double by 2050 compared 

to 2005 levels in order to meet demand.  
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In addition, livestock plays a central role in 

the life of resource-poor, small scale farmers. 

Most animal products in developing 

countries are produced by smallholders and 

are consumed in the same country or region, 

and over 70% of livestock products are sold 

ΨƛƴŦƻǊƳŀƭƭȅΩ ƛƴ ƳŀǊƪŜǘǎΦ [ƛǾŜǎǘƻŎƪ ǇǊƻŘǳŎǘƛƻƴ 

ƛǎ ŀƭǎƻ ǾŜǊȅ ƛƳǇƻǊǘŀƴǘ ŦƻǊ ǿƻƳŜƴΩǎ 

livelihoods and for the nutritional status of 

their households in resource-poor 

communities.  

Developing sustainable food systems is an 

imperative research goal. Productivity and 

efficiency need to improve in order to 

produce sufficient food with a lower 

environmental footprint, while there is also a 

need to promote the consumption of animal 

source foods in appropriate quantities 

(curbing over-consumption) and reducing 

waste. Livestock investments can deliver 

significant socio-economic, health and 

environmental gains to both poor nations 

and households. However, the current 

research funding scenario does not reflect 

the importance of this field. Emerging key 

challenges are zoonotic diseases and the 

increase in levels of antimicrobial resistance 

due to their overuse in food animals. About 

75% of emerging diseases come from animals 

with an estimated annual impact on society 

of up to US$ 6 billion. Costs of SARS (Severe 

Acute Respiratory Syndrome), a viral 

respiratory disease of zoonotic origin, alone 

have been estimated at over US$40 billion in 

the 2-year period between 2002 and 2004.  

Livestock research is also critical from an 

environmental perspective, as nearly half of 

the agricultural greenhouse gas (GHG) 

emissions are produced by animals. Since the 

amount of GHG per kg of animal protein 

produced has a very large geographical 

variation, with highest emissions found in 

developing countries, there are big 

opportunities for mitigation. Reducing the 

incidence of disease in livestock populations 

also has a positive impact on the 

environmental impact of animal rearing. The 

removal of trypanosomiasis would lead to 

significant increases in both productivity and 

in GHG emissions across all productions 

system. However, the increases in production 

are greater than increases in emissions, 

especially in dairy systems, which is related 

therefore translates into a reduced 

environmental impact per kg of animal 

product. 

In summary, the best approach to increase 

livestock productivity minimising the effect 

on the environment is therefore to target 

animal genetics and health. 

 

 

Figure 1: Estimated opportunities to increase livestock 
productivity in smallholder farming settings in Africa and 

South Asia and relative contribution of animal genetic 
improvement; animal health; nutrition and reducing post-

harvest loses. Source: ILRI 

 

Welcome from Genetics for Africa 

Strategies & Opportunities (G4ASO) 

Bernie Jones, Project Co-Leader, G4ASO 

The G4ASO project has been working in 

Africa over 3 years to examine the breadth of 

genetic research (in plants, animals and 
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humans) across the continent, and how well 

understood and communicated that research 

is to regulators, decision-makers, the media 

and the general public ς and the challenges 

that are faced in outreach, understanding, 

and therefore ultimately adoption of the 

outputs of such research. 

Broadly, the findings have shown that 

outreach, public understanding and 

misinformation are challenges across the 

whole of genetic research in Africa ς 

however, the challenges for animal research 

seem particularly challenging, in that this 

area is generally even less-well funding than 

plant and human research, and regulators 

are ς in general ς not sensitised to it. Even 

more challenging potentially is the sense that 

regulatory frameworks have been developed 

largely with crops in mind, and therefore 

their ability to deal sensibly with animal 

research and its outputs is untested, and will 

at worst result in an inability to regulate such 

research and may therefore prevent its 

uptake. 

This workshop is therefore an opportunity 

not only to explore potential regulatory and 

communications hurdles ahead for the 

Mzima Cow project, but also to seek to learn 

from that project in considering how animal 

genetic research and biotechnology might 

more generally face particular regulatory and 

communications challenges in Africa, and 

more widely. 

This is an aspect which is of particular 

interest to G4ASO and its funders, the John 

Templeton Foundation and the Cambridge 

Malaysian Education and Development Trust. 

 

The Cornell Alliance for Science 

Hannah Walker, Digital Manager and 

Multimedia Producer 

The Cornell Alliance for Science seeks to 

promote access to scientific innovation as a 

means of enhancing food security, increasing 

environmental sustainability and improving 

the quality of life globally. Funded by the Bill 

and Melinda Gates Foundation, the initiative 

aims to increase access to agricultural 

innovations through collaboration and 

innovative communication strategies. It does 

so by establishing a network of partners 

around the world and delivering training to 

develop the tools and skills needed to 

communicate about science and to promote 

evidence-based decision making. Training is 

provided not only to scientists but also to 

other key stakeholders, who are encouraged 

to train in turn other stakeholders, to foster 

science-based conversations and a climate 

for positive change. 

A number of programmes tackle related 

ǇǊƻōƭŜƳǎΦ ¢ƘŜ ά/ƭƛƳŀǘŜ ŦƻǊ /ƘŀƴƎŜέ ƛƴƛǘƛŀǘƛǾŜ 

explores problems in agriculture associated 

to climate change and considers how these 

may be addressed, through a change in socio-

political climate and the empowerment of 

άƎƭƻōŀƭ ŎƘŀƳǇƛƻƴǎέΦ !ƴƻǘƘŜǊ ƛƴƛǘƛŀǘƛǾŜ ŀƛƳǎ 

to showcase the role and importance of 

women scientists and farmers in agriculture. 

Finally, farming stories are shared with the 

general public to highlight the human 

perspective of agricultural production. 
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Session 2: Social and Scientific 

Perspectives on the Burden of 

Trypanosomiasis  

 

Disease elimination, animal reservoirs 

& other considerations: a public 

health perspective 

9ǊƛŎ CŝǾǊŜΣ /ƘŀƛǊ ƻŦ ±ŜǘŜǊƛƴŀǊȅ LƴŦŜŎǘƛƻǳǎ 

Diseases Institute of Infection and Global 

Health, University of Liverpool & ILRI 

Trypanosomes are unicellular parasitic 

organisms responsible for a number of 

diseases transmitted by tsetse flies where the 

parasite has an obligate life stage (ie it relies 

on its host to complete its life cycle). 

Trypanosoma congolense and T. vivax affect 

livestock only, however subspecies of T. 

brucei are also important human pathogens.  

There are two forms of human African 

trypanosomiasis (HAT) or sleeping sickness, 

depending on the parasite involved. T.b. 

gambiense causes chronic sleeping sickness, 

which is most common in West and Central 

Africa, while T.b. rhodesiense is responsible 

for acute sleeping sickness, prevalent in East 

Africa with Uganda as the hotspot of 

currently diagnosed human cases. The two 

diseases are very different also from a human 

clinical perspective: untreated infection with 

T. b. gambiense leads to death of the patient 

in 140 to 160 months, while T.b. rhodesiense 

infection results in an acute disease and 

untreated people die much earlier. 

Defining reservoirs of HAT is an important 

priority for eradicating the disease. A 

reservoir host is one that, either alone or in 

concert with other species, plays a significant 

role in sustaining a pathogen (tolerating 

infection) and allowing it to be transmitted. 

Humans are the main reservoir of T. b. 

gambiense parasites, while animal hosts 

provide the reservoir for T.b. rhodesiense. 

Eradicating HAT by treating human cases 

alone is only possible in the absence of an 

animal reservoir, (e.g. for T.b. gambiense) 

and therefore it is critical to determine which 

of the components of animal reservoirs is 

most important for eradicating the 

Rhodesian form of HAT. Wildlife is an 

important element of the zoonotic disease in 

locations with high numbers of wildlife 

habitats and animal populations, where it 

remains the principal reservoir of the 

parasite. Surveying wildlife is however 

technically challenging, expensive and strictly 

regulated by legislation. By contrast, in 

largely agricultural areas domestic animals 

are taking over the role of the reservoir, with 

cattle being most important hosts, although 

the number of infected pigs is increasing in 

affected areas.  

HAT can be contained by controlling tsetse 

vector populations, a measure which is 

equally effective for both forms of the 

disease as it reduces transmission regardless 

of the duration of infection. However, there 

are important issues of cost and 

sustainability with this approach. Infected 

cattle can also be treated with 

chemoprophylaxis, which are the most 

effective control measure for T.b. 

rhodesiense. Disadvantages of this control 

method include the fact that it is too 

expensive for many smallholder farmers; 

there is not always an adequate distribution 

network for genuine veterinary inputs in 

rural areas; and that the use of drugs can 

lead to the development of resistance.  

Significant efforts for eliminating HAT have 

resulted in a dramatic reduction in the 
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incidence of infection in the last 15 years, 

although the disease has not yet 

disappeared. The World Health Organisation 

(WHO) has developed a set of primary and 

secondary indicators for enumerating cases 

of infection in a Road Map for eradicating 

HAT. Primary indicators are updated annually 

and include the number of cases and the 

number of foci reported. Secondary 

indicators, updated biennially, include the 

geographical distribution of the disease; the 

population at risk, by levels; and the 

coverage of the exposed population by 

control and surveillance activities. The 

ǘǊŀŘƛǘƛƻƴŀƭ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀ ŦƻŎǳǎ ƛǎ ŀ άȊƻƴŜ ƻŦ 

ǘǊŀƴǎƳƛǎǎƛƻƴέΣ ǿƘƛŎƘ ƛƴ ǇǊŀŎǘƛŎŜ ƛǎ ƴƻǘ 

possible to measure. However, this concept 

needs to be replaced with a measurable, 

ǎǘŀƴŘŀǊŘƛǎŜŘ ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŀƴ άŀǊŜŀ ƻŦ ǊƛǎƪέΣ 

based on actual observation of human cases, 

which recognises the dynamic nature of the 

spread of infection.  

Despite the progress, the WHO Road Map 

largely ignores the importance of animal 

reservoirs. Zoonotic HAT remains a neglected 

issue in the continent, even though 

Rhodesian sleeping sickness is estimated to 

threaten a total of 12.3 million people in 

Eastern and Southern Africa.  

In summary, there are three key challenges 

for the elimination of African sleeping 

sickness:  

1. Integrate HAT control into the health 

system. This requires shifting to passive 

case detection in areas of low HAT 

prevalence through the development of 

diagnostic tests and algorithms to replace 

costly and time consuming active case 

finding and parasitological examinations.   

 

2. Avoid the re-emergence of the disease. 

Epidemiological pattern will be 

determined by distributions of reservoirs, 

of people and other components of the 

transmission systems (such as 

environmental variables, and distribution 

of tsetse vectors). It is critical to develop a 

comprehensive clinical oversight of HAT, 

which requires improving coverage; 

detecting asymptomatic carriers; and 

developing effective post-elimination 

monitoring to detect outbreaks early.  

3. Develop new safe drugs for oral use, 

including an accurate and early and non-

invasive test of cure. 

Furthermore, in areas where livestock are the 

principal reservoir of HAT, it is important to 

quantify the role of different species in all 

risk areas, including their role in 

transmission. A detailed understanding of the 

livestock trading systems is also essential 

with respect to the livestock reservoir. 

 

Perspectives on the Burden of 

Trypanosomiasis on society and 

gender issues 

Isabelle Baltenweck, ILRI 

Almost a billion people rely on livestock for 

their livelihood, and over 100 million landless 

people keep livestock. Livestock and animal-

sourced products provide a large number of 

benefits. Direct consumption of animal foods 

has a very positive benefit on the level of 

nutrition of resource-poor households, while 

their sale is an important source of revenue. 

Livestock also improves farm productivity 

through the provision of manure (which 

comprises over 70% of soil fertility 

amendments in the poorest countries) and of 
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farm labour. In areas where agriculture and 

trypanosomiasis coincide, livestock 

production is reduced by 20ς40%, depending 

on the degree of agricultural activity and 

rainfall. Critically, the ownership of livestock 

also has many intangible benefits: it 

increases the resilience of resource-poor 

communities towards adversity. This is very 

important since resource-poor farmers often 

do not have a bank account and lack access 

to conventional insurance and financing 

mechanisms. The inability to keep cattle 

therefore translates to a reduced buffer 

against economic shocks and periods of 

adversity. Livestock is important for social 

standing in the community, and is an intrinsic 

part of many social and cultural practices (for 

example, as a component of wedding 

dowries). Livestock is also an important 

provider of employment, with many people 

engaged in local informal livestock product 

markets and inputs and service delivery. 

In areas where the disease challenge 

prevents livestock rearing, the burden of 

trypanosomiasis manifests itself as reduced 

opportunities for improving household 

nutrition from animal sourced products, and 

a loss of revenue. In addition, since livestock 

and livestock products (especially milk) are 

some of the few assets women may own, 

trypanosomiasis has an important impact on 

ǿƻƳŜƴΩǎ ǊŜǾŜƴǳŜ ŀƴŘ ƻƴ ǘƘe overall 

ƘƻǳǎŜƘƻƭŘΩǎ ǿŜƭŦŀǊŜΣ ǎƛƴŎŜ ǘƘŜǊŜ ƛǎ ŀ ƳǳŎƘ 

ƳƻǊŜ ŘƛǊŜŎǘ ŎƻǊǊŜƭŀǘƛƻƴ ōŜǘǿŜŜƴ ǿƻƳŜƴΩǎ 

income and money spent directly on the 

ƘƻǳǎŜƘƻƭŘ ŀƴŘ ŎƘƛƭŘǊŜƴΩǎ ŜŘǳŎŀǘƛƻƴΦ  

In view of the complexity of causes, it is 

important to develop and adopt a 

quantitative system or integrated approach 

to determine the burden of trypanosomiasis 

in a community. 

Reducing the Burden of 

Trypanosomiasis ς Successes and 

Challenges 

Gift Wiseman Wanda, Principal Policy Officer, 

PATTEC 

The Heads of States and Governments made 

the decision in 2000 to eradicate tsetse and 

trypanosomiasis in Africa1 . This decision 

culminated in the formation of the Pan-

African Tsetse and Trypanosomiasis 

Eradication Campaign (PATTEC) in Burkina 

Faso in October 2001, and the subsequent 

establishment of a coordination unit at the 

commission of African Union (AU) in Addis 

Ababa to implement the Plan of Action. 

PATTEC was established in response of the 

urgent need to eliminate severe animal and 

public health and rural development 

problems resulting from tsetse and tsetse 

transmitted trypanosomiasis. This situation is 

aggravated by the increasing rates of tsetse 

infestation and prevalence of 

trypanosomiasis and the reduced 

effectiveness and availability of trypanocides 

for treating disease animals. Further 

challenges include the differing levels of 

programme identification, formulation and 

management and of resource availability in 

countries affected by trypanosomiasis. 

t!¢¢9/Ω{ ƻǾŜǊŀƭƭ ǎǘǊŀǘŜƎȅ ƛǎ ǘƻ ŀŘǾƻŎŀǘŜ ŦƻǊ 

vector eradication through a phased-

conditional, area-wide and sustained 

approach, through coordinated action 

between affected countries and joint 

planning and programming at national, 

regional and sub regional levels. The 

campaign also promotes the integration of 

                                                      

1 Decision AHG/156 (XXXVI) of the 36th Assembly 

of Heads of State and Government, Togo 
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appropriate technologies based on sound 

policy and strategy development and high 

quality baseline data, and advocates for a 

participatory approach and for 

comprehensive monitoring and evaluation.  

Countries currently engaged in active 

programmes include Zimbabwe, Zambia, 

Senegal, Ethiopia, Nigeria, Ghana, Kenya and 

Burkina Faso. Progress has been made in all 

participating countries, including the 

eradication of tsetse flies in part of the 

national territories.  

Challenges encountered include unclear long-

term political commitment and funding; 

weak regional mechanisms for joint planning 

and programming; weak monitoring and 

evaluation systems; limited number of 

management structures with dedicated full-

time staff across in affected areas; 

inconsistent implementation of critical 

programme components at national level; 

and inadequate peer review mechanisms for 

national programmes. From a strategic point 

of view, there is limited international 

consensus on appropriate control strategies 

and a debate on the relative merits of 

eradication vs. suppression, containment or 

prevention of the disease, and a lack of 

internationally recognized standards. A 

further important challenge is that tsetse and 

trypanosomiasis are an African problem with 

no threat to other continents, which means 

that although it is recognized as a problem, it 

is not considered a priority for international 

organisations. 

In the Q&A session the environmental impact 

of the large-scale application of insecticides 

on non-target species, which is not fully 

understood and quantified, was raised by a 

participant. Another impact is the effect of 

the disease on tourism - an important 

generator of revenue in several affected 

countries -, which represents a significant 

economic burden for many communities, and 

remains largely an unrecognised problem. 

The disease can also lead to potentially 

explosive social conflicts, especially between 

pastoralist and settled communities, due to 

the spread of infection and its consequences 

on farming areas. 

 

Table Exercise 1: Burden of 

Trypanosomiasis ς Different 

perspectives  

The purpose of the exercise was to capture 

the scope, and instances, of the burden of 

bovine trypanosomiasis, providing insights 

and stories of different stakeholder groups: 

pastoralists, smallholder farmers, and large 

livestock and dairy farmers. 

Nomadic pastoralism, developed originally 

as a successful adaptation to arid and semi-

arid conditions, is central to the economy 

and culture of many African societies, and is 

characterised by spatial mobility and a 

subsistence economy mainly dependent on 

livestock. Husbandry of livestock occurs in 

ΨƴŀǘǳǊŀƭΩ ǇŀǎǘǳǊŜ ƭŀƴŘǎ όŀƭǘƘƻǳƎƘ ǇŀǎǘƻǊŀƭƛǎƳ 

Ƙŀǎ ƘŀŘ ŀ ōƛƎ ƛƳǇŀŎǘ ǎƘŀǇƛƴƎ ǘƘŜ ŎƻƴǘƛƴŜƴǘΩǎ 

ecosystems), and domestic animals are not 

only of great economic importance but also 

play an important role in social exchanges 

and rituals. Livestock is also central for many 

smallholder non-nomadic farmers, and 

critical for good farm productivity. 

From an economic perspective, 

trypanosomiasis reduces the trading value of 

livestock and the productivity of dairy 

animals, especially since the most productive 

breeds are also the most susceptible to the 

disease. Therefore, farmers tend to select 
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less productive but more tolerant breeds. 

And since the milk is often the property of 

women, they lose one of the few economic 

assets they are entitled to control, which also 

has direct implications on the nutritional 

status of the household nutritional and 

health status, especially those of children. 

The economic burden of disease is 

furthermore transgenerational, since 

livestock not only plays a key role as a 

financial buffer in moments of need for a 

household, but is also central to many social 

interactions, such as an important part of 

dowries. The family heritage is often 

affected, and the implications can be 

fundamental: for example, children of 

families with diseased cattle may not be able 

to get married. Trypanosomiasis affects 

tourism as well, an important economic 

activity for many parts of Africa, not only 

directly since tourists tend to avoid infected 

areas, but potentially also indirectly due to 

the effect of the disease on wild animal 

populations.  

The eradication of trypanosomiasis will also 

result in improved animal welfare, since 

available drugs have important side effects 

and currently many infected animals are 

either not treated or treated ineffectively. 

Trypanosomiasis exacerbates social conflicts 

between pastoralists and farmers. These are 

sometimes of violent nature, and are due to 

competition for land use, disruption of 

agricultural land, and increasing urbanization. 

These problems are exacerbated when 

nomadic livestock are infected with 

trypanosomes and hence sources of infection 

to farm animals. 

Challenges in controlling trypanosomiasis 

include poor access to extension services for 

pastoralists communities, and the fact that 

the drugs to treat the disease are beyond the 

economic reach of many pastoralist 

households. This problem is aggravated by 

the high incidence of poor quality, ineffective 

and fake drugs in the market. Control 

methods relying on the use of insecticides to 

reduce tsetse populations rely on the long-

term commitment and provision of funds by 

governments.  

The ecological and health impact of 

insecticide use is poorly characterised at 

many levels. These include development of 

resistance in flies, adverse effects on target 

species and on water and soil quality, and 

threats to human health since treated 

animals and their products (especially milk) 

are consumed by humans. In addition, 

trypanosomiasis also negatively affects 

patterns of land use, leading to overgrazing 

of disease-free pastures and to active 

avoidance of areas known to hold diseased 

animals.  

In situations where tsetse populations have 

been eradicated from an area, very large 

increases in farming productivity have been 

recorded. Since farmers are constantly trying 

to use animals, the moment an area is freed 

from trypanosomiasis the effect on the 

economy is transformative. It is important to 

address different options for eradication, 

their relative costs and merits, and consider 

cultural factors that may shape the 

acceptance or rejection of specific 

interventions. The risk of disease re-

emergence and how it would be handled also 

needs to be considered. 
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Session 3: Mzima Cow Project, the 

Science and Alternate Approaches 

 

Mzima Cow project background 

Steve Kemp, Program Leader Animal 

Biosciences, ILRI 

Trypanosomiasis is one of the most 

significant constraints to cattle production in 

Africa. The disease directly affects livestock 

productivity (meat and milk production), and 

indirectly lowers crop productivity as cattle 

play a crucial role as farm labour, which 

means that in the absence of livestock 

resource-poor farmers are dependent on the 

heavy work of hand tillage. Cattle also 

contribute manure to agricultural land, 

important since the levels of use of chemical 

fertilisers in Africa are the lowest in the 

world. 

A study mapping the benefits of eradicating 

trypanosomiasis in the Horn of Africa 

estimated that benefits per square km would 

be up to US$ 12,500 over a 20-year period in 

high potential areŀǎ ǿƘŜǊŜ ǘƘŜ ŘƛǎŜŀǎŜΩǎ 

impact and costs are highest2. These areas 

include mixed farming, high-oxen-use 

agricultural zones; fertile agricultural land; 

and dairy production zones.  In addition, 

benefits would spill out the trypanosomiasis 

affected zones due to movement of cattle 

outside tsetse areas. 

                                                      

2 From: Yaro, M., Munyard, K.A., Stear, M.J. and 

Groth, D.M., 2016. Combatting African Animal 

Trypanosomiasis (AAT) in livestock: The potential 

role of trypanotolerance. Veterinary Parasitology, 

225, pp.43-52. 

 

Figure 2. The mapped benefits from the removal of African 
Animal Trypanosomiasis (AAT) in the Horn of Africa. 

Source: Adapted from Shaw et al., 2016
3
. 

 

Existing measures for controlling 

trypanosomiasis include the use of 

insecticides to control tsetse populations, a 

measure that is expensive; has important 

environmental effects which are not fully 

quantified; and requires sustained 

interventions over time to be effective, (so 

they rely on long-term political commitment 

and allocation of funding). Efforts to develop 

a vaccine against the parasites have so far 

yielded no positive outcomes due to the 

mutability of the pathogen; and drugs to 

treat the disease are expensive; not always 

available to farmers; and have important side 

effects. 

The African N'Dama cattle breed, native to 

West Africa, is tolerant of infection with T. 

congolense, remaining healthy and 

productive despite harbouring parasites. 

However, their small size and temperament 

make them unsuited for draught purposes. 

                                                      

3 Shaw, A.P.M., Wint, G.R.W., Cecchi, G., Torr, 

S.J., Mattioli, R.C. and Robinson, T.P., 2015. 

Mapping the benefit-cost ratios of interventions 

against bovine trypanosomiasis in Eastern Africa. 

Preventive Veterinary Medicine, 122(4), pp.406-

416. 
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Development of trypanotolerant breeds that 

are better adapted to the diverse needs of 

African farmers would substantially improve 

productivity in the whole agricultural system. 

A study to determine the genetic 

determinants of trypanotolerance in N'Dama 

cattle was carried out with the aim of 

introgressing4 this characteristic into Boran 

breeds. Ten major candidate quantitative 

trait loci (QTLs5) involved in trypanotolerance 

in cattle were genetically mapped on the 

progeny of a cross between Boran and 

N'Dama cattle. However, each locus is 

responsible only for a small proportion of the 

total variance. Comparative gene network 

analysis is ongoing to identify the role 

individual genes in the pathway, and to 

determine how they interact for controlling 

tolerance. 

The fact that trypanosome tolerance is not 

controlled by a single or few major genes 

makes it very difficult to improve target 

breeds by conventional breeding. Not only it 

is necessary to select for the presence of all 

the key loci in the progeny of breeding 

crosses, but also to remove undesirable 

ƎŜƴŜǎ ŀƴŘ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ŦǊƻƳ ǘƘŜ bΩ5ŀƳŀ 

breed, such as low milk production. This 

would require a very large number of 

backcrosses to the Boran parent. This would 

                                                      

4 In genetics, introgression is the movement of a 

gene from one species into the gene pool of 

another by the repeated crossing of an 

interspecific hybrid with one of its parent species 

(this is also known as backcrossing). 

5 A quantitative trait locus (QTL) is a section of 

DNA (the locus) that correlates with variation in a 

phenotype (the quantitative trait), because it 

contains or is linked to the gene/s that control a 

proportion of the variance of the phenotype. 

be a time-consuming approach, very 

demanding on resources, and likely to result 

only in an imperfect solution, namely 

incomplete disease tolerance. 

 

Introduction to Transgenics 

Joseph Verdi, New York University School of 

Medicine 

Transgenesis (also known as genetic 

modification or GM) refers to the process of 

introducing a gene or genes into the genome 

of an organism with the purpose of enabling 

ƛǘ ǘƻ ŀŎǉǳƛǊŜ όƻǊ ΨŜȄǇǊŜǎǎΩύ ŀ ƴŜǿ 

characteristic or trait. An important tool in 

the study of basic biological processes, for 

example, is to visualize in live tissues the 

activity of specific genes and proteins by 

tagging them with a fluorescent protein 

derived from jellyfish. This allows us to 

ŘŜǘŜǊƳƛƴŜ ΨƴƻǊƳŀƭΩ ŀŎǘƛǾƛǘȅ ŘǳǊƛƴƎ ƎǊƻǿǘƘ 

and development, and also to identify how 

deviation from this pattern may be 

associated with disease. 

In addition to being a very important 

research tool, transgenesis has many 

practical applications. In agriculture, it can be 

used to develop plant and crop varieties with 

improved resistance to pests and diseases; 

enhanced tolerance to adverse 

environmental conditions such as drought, 

salinity and heat (which are increasingly 

important constraints to production); 

increased nutritional content; and ability to 

tolerate herbicides. Transgenesis is also being 

used for developing animal breeds with 

improved disease resistance and enhanced 

growth rates.  And in a non-controversial 

application of the technology, transgenesis is 

used for the development of cheap, high-

quality human medications, mostly in 
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bacterial cells. Over 100 drugs are produced 

via genetic modification, including insulin. 

Success stories of transgenesis in agriculture 

include the development of insect-resistance 

Bt crop varieties: maize and cotton have 

been grown commercially now for about two 

decades, while cowpea and aubergine are in 

the last stages of regulatory approval for 

commercial release. Bt crops derive their 

name from the soil bacterium Bacillus 

thuringiensis, which produces proteins toxic 

only to the target pest insects but not to 

mammals, birds and other insect species. 

Rainbow papaya, another success story, was 

engineered to resist the Papaya ringspot 

virus (PRSV), and has been successfully 

released in Hawaii. It is also grown in China, 

and exported to Japan. 

 

 

Figure 3. World map showing countries that planted 
(green); imported (orange) and/or used transgenic crops in 

field trials in 2014. Source: GMOanswers.com 

 

As of 2014, transgenic crops were grown, 

imported or tested in field trials in 70 

countries. And it is estimated that 179.7 

million hectares of GM crops were planted in 

20156, a testimony of the importance of the 

technology in the agricultural sector. 

The use of transgenesis is however not 

limited to crops: the first GM animal, 

AquaBounty Salmon, was approved for 

release in the USA in 2015, although ongoing 

debate over labelling requirements is 

impeding commercialization. 

The genetic modification of animals for the 

production of medicinal drugs is less 

controversial.  The first drug produced by GM 

animals is ATryn, the commercial name of an 

anticoagulant medicine manufactured in the 

USA. It is made from the milk of goats that 

have been genetically modified to produce 

human antithrombin, a plasma protein used 

to treat a hereditary disease. One GM goat 

can produce as much high quality protein in a 

year as the quantity yielded by 90,000 blood 

donations. 

 

 

Figure 4. ATryn GM goats. Source: Revo Biologics. 

 

                                                      

6 James, C. 2015. 20th Anniversary (1996 to 2015) 

of the Global Commercialization of Biotech Crops 

and Biotech Crop Highlights in 2015. ISAAA Brief 

No. 51. ISAAA: Ithaca, NY. 
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In summary, transgenesis has been used 

effectively for decades. And although many 

people have benefitted from the available 

technologies, many more have not. 

Marketable transgenic organisms are no 

longer limited to plants and bacteria, with 

animals in effective and approved use today. 

 

Trypanosome Resistance and 

Transgenesis 

Jayne Raper, Principal Investigator Mzima 

Cow Project, New York University School of 

Medicine 

Domestic animal trypanosomes are mainly 

confined to the African continent and to 

South America, and they are transmitted to 

humans by biting insects, tsetse flies and 

through sexual intercourse. Virulent 

trypanosomes evade the response of the 

mammalian host system by rapidly changing 

their surface proteins, a property called 

antigenic variation.   

 

 

Figure 5. Graph showing the antigenic variation of 
trypanosomes that enables them to evade the immune 
response of susceptible mammalian hosts. The parasites 

completely change their surface antigens in 2 hours. 
Source: Jayne Raper. 

 

However, some primates have innate 

immunity to African trypanosomes, including 

humans, although not to all species or 

subspecies of the parasite. For example, 

although humans are resistant to infection by 

Trypanosoma brucei brucei parasites, they 

succumb to Trypanosoma brucei rhodesiense 

and T. b. gambiense which cause sleeping 

sickness. Humans also display innate 

resistance to T. congolense parasites, 

although this parasite severely limits 

livestock productivity in the African 

continent. Critically, baboons are resistant to 

all trypanosome species. 

 

 

Figure 6. Schematic representation of the Trypanosome 
Lytic Factor (TLF) and its components. Source: Jayne Raper. 

 

Immunity to trypanosomes is conferred by a 

protein complex termed the Trypanosome 

Lytic Factor (TLF), which contains the 

Apolipoprotein L-I (APOLI), a pore forming 

protein specific to primates. APOLI circulates 

in the blood serum as part of High-Density 

Lipoprotein (HDL) complexes called 

¢ǊȅǇŀƴƻǎƻƳŜ [ȅǘƛŎ CŀŎǘƻǊǎΥ ǘƘŜ άƎƻƻŘέ 

cholesterol of blood.   

The TLF is ingested by trypanosomes, and the 

parasite is killed as the result of the pores 

that APOLI generates in its membranes. 

APOLI proteins from different primate 

species differ in their sequence and in their 

resistance to different trypanosomes 

parasites, and only the baboon form of the 


