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About the AU and NEPAD
The African Union (AU)

The African Union (AU) was established following the 9 September 1999
Declaration (the Sirte Declaration) of the Heads of State and Government of
the Organisation of the African Unity (OAU). The AU is based on a common
vision of a united and strong Africa and on the need to build a partnership
between governments and all segments of civil society, in particular women,
youth and the private sector, in order to strengthen solidarity and cohesion
amongst the peoples of Africa. As a continental organization it focuses on the
promotion of peace, security and stability.

The New Partnership for Africa’s Development (NEPAD)

The New Partnership for Africa’s Development (NEPAD) is an AU-affiliated
development programme that was adopted in 2001. The objective of NEPAD
is to stimulate Africa’s development by bridging existing gaps in agriculture,
health, education, infrastructure, information and communication technology,
environment, tourism, science and technology.
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Message from the Co-Chairs

This report is about the role of biotechnology in the transformation of African
economies. The implications of its recommendations, however, need to be
seen beyond the confines of biological innovations. They address critical
issues related to Africa’s place in a globalizing economy.

Undertaken at the request of heads of state and government this report
demonstrates what is needed to build the required capacity to harness and
apply biotechnologies to improve agricultural productivity, public health,
industrial development, economic competitiveness, and environmental
sustainability (including biodiversity conservation) in Africa. It also shows that
the measures needed to address biotechnology will strengthen Africa’s
capacity to adapt other technologies to economic development. In fact,
previous inabilities to build capacity in fields such as information technology
hamper the continent’s efforts in biotechnology.

This report has placed these systemic considerations in the context of the role
of innovation in economic transformation. It challenges Africa’s heads of state
and government to take seriously the importance of a coordinated approach in
promoting technological innovation in development.

African governments have recognized the importance of regional cooperation
to address possibilities and the range of issues associated with biotechnology.
Within the framework of the New Partnership for Africa’s Development
(NEPAD) they have resolved to promote programmes that will generate a
critical mass of technological expertise in targeted areas that can exploithigh
growth potential from biotechnology to develop Africa’s rich biodiversity,
improve agricultural productivity and develop healthcare products. In the
context of the African Union (AU), African leaders resolved to take a common
approach to address issues pertaining to modern biotechnology and biosafety
by calling for an African common position on biotechnology.

The main message of this report is that regional economic integration in Africa
should embody the building and accumulation of capacities to harness and
govern modern biotechnology. Regional economic integration bodies are key
institutional vehicles for mobilizing, sharing and using existing scientific and
technological capacities, including human and financial resources as well as
physical infrastructure for biotechnology R&D and innovation. The loci of
action are primarily local innovation areas which have core research and
business institutions. International partnerships in biotechnology are critical to
the realization of Africa’s biotechnology strategies and should be pursued
aggressively.

The panel draws it recommendations from analysis of the current research
and development on the continent and outside Africa and some of the
emerging social, economic, legal and political issues that surround the
development, dissemination and commercialization of products from
biotechnology. Strengthening Africa's capacity to innovate in these fields will



also enable adequate biosafety measures to be put in place, in co-evolution
with the advancing African R&D base.

The most important starting point in pursuing the recommendations outlined in
this report is the urgency that African heads of state and government place on
the strategic role that technological innovation plays in economic
transformation. They must step forward with courage and firmness so that
their footprints can guide future generations.

Calestous Juma, Cambridge, Mass., USA
Ismail Serageldin, Alexandria, Egypt
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Executive Summary

This report is about biotechnology and the role it can play for development in
Africa. The report suggests specific and practical measures to advance
development, quality of life and environmental sustainability using
biotechnology.

‘Biotechnology’ is used in the most comprehensive sense of that word. It
includes for example technologies that operate at the level of genes, but it
also includes non-genetic biological technologies. The report says that
biotechnologies should be developed with appropriate safeguards in place
and according to the best internationally-agreed standards.

The report was compiled by a panel of experts (the High Level African Panel
on Modern Biotechnology) from both inside and outside of the continent of
Africa. The panel was put together by the African Union (AU) and the New
Partnership for Africa’s Development (NEPAD). The panel's report and the
methodology used to compile it represent the most comprehensive and
transparent assessment exercise of its kind.

The panel reviewed existing and historical plans, reports and published-
research. It conducted consultations with a wide range of stakeholders in
many countries. In addition, public meetings were held and written and verbal
submissions were recorded from researchers, scientists, the business
community, policy-makers, nongovernmental organizations (NGOs), and
individual citizens. This report went through several drafts, which were posted
on a public website — http://www.nepadst.org. The findings were presented at
workshops and conferences in Africa and other regions of the world.

It is no secret that Africa’s history has been marked by a development
narrative in which the benefits from science, technology and innovation have
been enjoyed by few, instead of being seen as tools for the development of all
citizens. Today this is changing and Africa’s leaders view science, technology
and innovation as critical to human development, global competitiveness and
ecological management. In that respect, this report needs to be seen as one
component in a wider Africa-wide consensus to prioritize the continent’s
knowledge needs in its present and future development.

Main recommendations

The panel’s main recommendations include the need for individual countries
in central, eastern, western, northern and southern Africa to work together at
the regional level to scale up the development of biotechnology.

A key vehicle is through what the panel calls “Regional Innovation
Communities” and “Local Innovation Areas”. These would include clusters of
expertise, sharing knowledge, creative ideas, personnel, and working on
problems and projects collaboratively. Regional Innovation Communities
might include institutions that are already situated close together, such as



universities, science-based industry and science parks. But today, institutions
do not need to be in close proximity to work together. Effective and successful
collaboration can take place between people and institutions that are
geographically separate so long as the will exists to do so.

Regional Innovation Communities are a form of regional economic integration,
which Africa is already experiencing in other areas. Regional economic
integration more broadly can be an institutional vehicle for mobilizing, sharing
and using existing scientific and technological capacities, including human
and financial resources as well as physical infrastructure for R&D and
innovation.

Some Regional Innovation Communities will come about organically. But
many will need to be nurtured. In every case, what will be needed is a pool of
talented and skilled people, as well as new and existing institutions, willing
and able to embrace change. There needs to be a step-change in this area,
which will entail reviewing and adjusting national and regional policies and
related legislation to provide an environment conducive for higher education,
R&D and innovation.

The report’'s other recommendations include: outtlining priority areas in
biotechnology that are of relevance to Africa’s development; identifying
critical capabilities needed for the development and safe use of
biotechnology; establishing appropriate regulatory measures that can
advance research, commercialization, trade and consumer protection; and
setting strategic options for creating and building regional biotechnology
innovation communities and local innovation areas in Africa.

Priority Areas in Biotechnology

Food security, nutrition, healthcare and environmental sustainability are
among Africa’s biggest challenges. Regional biotechnology efforts have a role
to play in each and can be implemented through what the panel calls long-
term “biotechnology missions”. Clustering can take place around priority areas
as well as in places and institutions where expertise exists.

Health biotechnology, for example, is concentrated in southern Africa, for
example. North Africa is established in bio-pharmaceuticals. Animal
biotechnology has strong roots in eastern Africa; crop biotechnology in the
west and forest biotechnology in central Africa.

Critical Capacities

Africa’s ability to effectively use existing and emerging biotechnologies will
depend largely on the level of investment in building physical, human,
institutional and societal capacities. More specifically, Africa’s regional
innovation communities will need to specifically focus on creating and
reforming existing knowledge-based institutions, especially universities, to
serve as centres of diffusion of new technologies into the economy.
Dependence on what we call the “relief model” for international cooperation



will need to change towards a new emphasis on competence-building.
Investing in critical capabilities is central to Africa’s ability to benefit from its
resources.

Africa needs to: develop and expand national and regional human resources
development strategies that include: (1) a continental biotechnology
curriculum that focuses on specific areas and targets that offer high economic
potential for the regions and the continent; (2) a consortium of clearly
identified and designated universities and research centres that develop and
offer regional biotechnology training courses; (3) a focus on female
recruitment in the sciences and engineering.

Africa needs to immediately expand and create infrastructure development
programmes in order to tap into the opportunities that may arise from
biotechnology. Research and development activities for the development,
operation and maintenance of infrastructure need to be promoted, and
linkages need be established with both domestic and overseas research
networks.

African countries need to identify specific biotechnology priority areas that
offer high potential for regional R&D and product development and integrate
these priorities into African regionalization processes and policies.

To improve commercialization and business capacity, Africa needs to: (1)
foster R&D cooperative partnerships at the local, regional and international
levels; (2) create policy instruments that enable business incubation and
development; (3) develop functional market infrastructure for economic
development; and (4) stress the role of technology in general and
biotechnology in particular for SME development policy.

The following mechanisms can be instituted to increase the available funding
for biotechnology R&D in Africa: (1) substantially increased national R&D
budgets; (2) special funding mechanisms, possibly innovation funds funded
through a variety of means including challenge funds; (3) specific funding
mechanisms under government ministries; (4) distinct African funding
schemes or facilities; (5) reformed tax laws (i.e., foundation laws and industry-
wide levies); and (6) national lotteries.

Governing Biotechnology

Africa should adopt the co-evolutionary approach where consumer protection
goes hand in hand with the development of the technology itself. New
stakeholder partnerships, awareness campaigns, and innovation competitions
need to be created to facilitate public awareness and education on issues of
biotechnology.

Emphasis should be put on maximizing the benefits associated with new
technologies while reducing their negative impacts. Equally important is a
consideration of the long-term implications of non-adoption of emerging
technologies. The essential point therefore is developing and harmonizing
regional regulations governing issues such as regional integration, research
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and development, safety (covering field and clinical trials) and trade in
biotechnology products and services.

Africa’s regulatory institutions need transparent and high quality scientific
capacity to assess biotechnology-related risks and to be able to regulate
quickly, safely and effectively. The Panel recommends the creation of an
African Presidential Science and Innovation Council to oversee the
implementation of AU recommendations related to scientific capacity building.
Complementary organs may also need to be created in the Regional
Innovation Communities. There is a need to develop harmonized legislation
and measures based on international, continental, and individual country good
practices in the context of the emerging Regional Innovation Communities.
Development of such frameworks can lead to a co-evolution of regulatory
frameworks and technology development.

The Pan-African Parliament (PAP) is an ideal institutional locus for
harmonizing regulations and promoting biotechnology missions. There is need
to strengthen PAP engagement in developing regional and continental
programmes for biotechnology. Strengthening it will involve establishing for it
advisory mechanisms, providing its committee with evidence-based policy
studies, and equipping it with technology monitoring capabilities.

Strategic Considerations

Africa needs to take strategic measures aimed at promoting the application of
modern biotechnology to regional economic integration and trade. Such
measures include fostering the emergence of regional innovation systems in
which biotechnology-related Local Innovation Areas play a key role. But doing
so will entail a diversity of complementary measures that include upgrading
regional capacities and forging international partnerships. Furthermore,
funding such initiatives will involve adopting a wide range of approaches
aimed at generating the necessary financial resources, including “innovation
funds”. Existing funding sources such as international and regional
development banks could also play a key role in helping in the
commercialization of products from the biotechnology-related local innovation
areas.

Regional economic communities need to begin to determine potential
opportunities for biotechnology specialization and to foster regional
networking of biotechnology centres for R&D related to this regional
specialization. African Regional Innovation Communities need to facilitate
North-South and South-South collaborations as well as to mobilize the
expertise in the diaspora for development.

Long-term process of biotechnology development in Africa needs to go hand-
in-hand with the creation of regional economies. African countries need to (a)
facilitate the process of regional integration; and (b) foster technological
innovation as a force for promoting regional integration and trade

Local Innovation Areas hold the promise of creating competitive,
biotechnology-driven African economies that will benefit from spatial
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concentrations of regional innovation actors (universities, firms, and research
institutes). Countries and Regional Innovation Communities need to (a)
identify biotechnology-related fields of local relevance; and (b) facilitate local
innovation centre upgrading initiatives. There is great potential in developing
North-South and South-South collaborations supporting biotechnology R&D
and capacity-building in African regional innovation communities and local
innovation areas. Countries and emerging Regional Innovation Communities
need to identify ways of improving cooperation with other regions (particularly
Asia and Latin America) of the world to effectively address issues pertaining to
biotechnology.
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Chapter 1:

Development in Africa: Learning From the Past,
Planning for the Future

The African Union: Economic Successes and Challenges; A Diagnosis for
Better Healthcare; Educating Africa; A Vision for Biodiversity Conservation
and Sustainable Development; The Role of Science and Learning in
Innovation; Why Better Governance is Critical to Development; The Potential
for Biotechnology; Why International Partners Matter.

The African Union has made the task of integrating Africa further into the
world economy a priority. The AU’s efforts have been recognized by the
continent’s international partners, as could be seen through the
recommendations of the 2005 G8 summit (where Africa was one of two main
agenda items), the UK Government Commission’s for Africa, and the UN
Millennium Summit and its follow-up activities. With annual development aid
expected to increase by US$50 billion between 2006 and 2010, substantial
resources are to be made available for development in Africa.” This report will
(among other things) assess the opportunities for biotechnology to contribute
to this development.

Africa’s Economic Successes and Challenges

Africa entered the new millennium as the world’s poorest continent, with
economies growing slowly or declining, and per capita incomes low or falling.
But things changed in 2004 when the economies of the AU as a whole grew
by 4.6 per cent, the highest rate in a decade. The rise was largely driven by a
strong global recovery, demand from consumers globally and high commodity
prices, high oil production and prices, although good macroeconomic
management and agricultural performance along with improved political
stability also played a part. Of 12 African countries posting real output growth
of 6 per cent or more in 2004, eight are either oil exporters (Chad, Equatorial
Guinea, Angola, Libya and Sudan) or recovering from the damage to
economies that happens after times of conflict (Ethiopia, Sierra Leone,
Liberia, Mozambique and the Democratic Republic of the Congo).?

Table 1: Top 10 performers and bottom 5 performers in Africa, 2004

Country % GDP Growth
Chad 39.4
Equatorial Guinea 18.3
Liberia 15.0
Ethiopia 11.6
Angola 11.5
Mozambique 8.3
Democratic Republic of Congo 6.9
Sudan 6.8
Sierra Leone 6.6
The Gambia 6.6
Gabon 1.7
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Central Africa Republic 1.4
Cote d’lvoire 0.9
Seychelles -2.0
Zimbabwe -6.8
Source: UN ECA, 2005

The North African growth in GDP was 4.8 per cent in 2004. In sub-Saharan
Africa, growth improved to 4.5 per cent in 2004 from 3.9 per cent in 2003. The
2005 projections for both regions were estimated at 5.2 per cent for North
Africa and 4.8 for sub-Saharan Africa.

At the regional level, it was central Africa that was the fastest-growing at 7.3
per cent in 2004 (see Table 2).

Table 2: Gross domestic product growth by African regions,
2002-2004 and projections for 2005

Region 2002 2003 2004 2005 -

projected
Southern Africa 2.8 4.8 2.8 4.4
East Africa 3.1 6.7 3.1 5.6
Central Africa 4.0 4.4 7.3 6.1
West Africa 3.6 2.5 3.6 45
North Africa 3.3 2.5 3.3 5.2
Sub-saharan Africa 3.5 3.9 3.5 4.8
Africa as a whole 3.2 4.3 3.2 6.1

Source: UN ECA, 2005

Challenges Ahead

Looking at GDP alone, however, is misleading as a marker for prosperity.
Although continental GDP has improved over recent years, the proportion of
people living in absolute ?overty remains higher now compared to what it was
in the 1980s and 1990s.” The recovery in economic growth we have seen in
several African countries has not translated into higher income and more
employment opportunities for people.

Whereas between 1990 and 2004 African economies expanded by 3 per cent
a year, the proportion of the continent’s population classified as ‘absolute
poor’ increased by 2 percentage points every year during that period. The
prime reason that poverty levels responded so weakly to economic growth
was because growth has been not only slower than expected, but that only a
small proportion of Africa’s populations have benefited. As a result, at the 1.2
per cent per capita annual income growth experienced since 2000, it will take
sub-Saharan Africa until 2012 just to restore average incomes to their 1980
levels.

A second factor is the low absorption of labour in Africa’s growth sectors.
Agriculture is the mainstay of African economies. This means that the majority
of people of working age are employed in this sector, which remains,
compared with developed-world agriculture, relatively labour-intensive. There
are few opportunities for agricultural workers to participate meaningfully in
other sectors, as either producers of goods or as participants in the workforce.
Taken together, this has hindered equitable economic expansion on the
continent.
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In sub-Saharan Africa, a huge influence on poverty trends has been the
escalation and spread of conflicts. The number of countries beset by internal
conflicts increased from six in 1980 to 14 in 2000. Overall, unrest and outright
conflicts have been hugely destructive, economically and socially: in countries
struggling with conflict, real GDP per capita declined by at least 1 per cent per
year.

Bitter Pill: The Healthcare Challenge

Of all world regions, Africa as a whole has the lowest human development
and highest poverty indicators. Many African countries have the highest
illiteracy rates and the lowest primary education enrolment. Health is another
area for major concern. In sub-Saharan Africa, the rapid spread of HIV/AIDS
has proven cataclysmic. Life expectancy in sub-Saharan Africa is 46.1 years,
compared to the North African average of 71.5. In 2003, the prevalence rate
of HIV and AIDS in adults was 7.3 per cent in sub-Saharan Africa, compared
to 1.1 percent globally. In 2004, over 2 million people in sub-Saharan Africa
died from AIDS, and more than 3 million in the area were infected in that year
alone. Three out of four of the young people living with HIV and AIDS are
women in sub-Saharan Africa.’

It is southern Africa, however, that has the highest prevalence of HIV and
AIDS: the top 10 countries in this respect are all from the SADC region barring
the Central African Republic (see Table 3). In Botswana and Swaziland, the
prevalence of HIV and AIDS among adults in 2003 was 37.3 and 38.8 per
cent, respectively — the highest rates in any national population.

Table 3: HIV and AIDS prevalence for adults aged 15-49, 2003 (%) in Africa

Country/Region %

Swaziland 38.8
Botswana 37.3
Lesotho 28.9
Zimbabwe 24.6
South Africa 21.5
Namibia 21.3
Zambia 16.5
Malawi 14.2
Central African Republic 13.5
Mozambique 12.2
Tanzania 8.8
Gabon 8.1
Sub-Saharan Africa 7.5

Source: UNAIDS, 2004

The devastating impact of HIV and AIDS is not only exacerbated by the
increase in levels of poverty; it is also a manifestation of the breakdown in the
African healthcare system. In the 1990s, per capita health expenditure in
many African countries was a mere US$10, compared to at least US$1000 in
member states of the Organization for Economic Cooperation and
Development (OECD). After years of neglect, Africa’s health systems are run
down, and there are huge deficits in the numbers of doctors and nurses.
Staying healthy is particularly expensive for the poor, with a third of their
monthly expenditure going on malaria treatment alone.
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Preventable diseases such as malaria are in fact one of the biggest blights
afflicting the people of Africa. The number of men, women and children who
suffer and die from these diseases in Africa is no longer acceptable. One in
six children dies before their fifth birthday. Low-cost interventions, such as
vitamin A supplements, insecticide-treated nets and oral rehydration therapy,
which could significantly reduce these deaths, are largely unavailable.
Meanwhile, 1.5 million African children die each year from vaccine-
preventable illnesses.’

Ensuring reliable access to -- and proper use of -- safe, effective and
affordable diagnostic tests, medicines, vaccines and reproductive health
goods, such as condoms, is essential to health and a key function of effective
health systems. It is estimated that nearly half of the continent’s people do not
have regular access to essential medicines. There are no effective diagnostic,
preventive or therapeutic options for many of the health challenges Africa is
facing. The continent accounts for just 1.1 per cent of the total value of the
global pharmaceuticals market. This has meant that large pharmaceutical
companies have not prioritised Africa’s health needs.’

Burden of disease and economic growth are, of course, intimately related.
Healthy people are more productive and more likely to be able to take care of
their children, benefit from education and contribute to society. For example,
simply de-worming children could reduce pupil absenteeism in schools by 25
per cent. The income levels of countries with severe malaria are a third of
those in equivalent countries without malaria, and also grow 1.3 per cent less
per person every year.

Educating Africa

As with healthcare, education in Africa is also critical. In 2005, over 40 million
children were estimated to be out of school in sub-Saharan Africa. Several
countries remain at high risk of not achieving universal primary education and
gender equality by 2015. In Niger, Burkina Faso and Angola, for instance, the
expected number of years of formal schooling is less than five on average,
and over 60 per cent of children drop out of school in Chad, Equatorial
Guinea, Guinea Bissau, Madagascar and Rwanda. Where more children are
completing primary school, there is more demand for secondary or vocational
education. Enrolment in higher education, essential for building knowledge-
driven industries, meanwhile, remains very low — in most countries the gross
rates sit below 10 per cent, and in several cases, such as Chad, Guinea-
Bissau and Tanzania, it is less than 1 per cent.®

Even bright spots are capable of generating clouds in their wake. Take the
issue of expanding primary school enrolment rates that are being seen across
Africa. The quality of education on offer to children tends to be variable as
most countries currently have acute shortages of teachers, or large disparities
in available teachers between cities and rural areas. Ghana has just a quarter
of the teachers it needs, and Lesotho a fifth. In Namibia, only 40 per cent of
teachers in rural schools in the north are qualified to teach, compared to 92
per cent in the capital. In Burkina Faso, the teacher shortage has been
declared a ‘national emergency’ and educated people are being contracted
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from across the public sector to fill urgent gaps, while recruitment and training
of existing teachers to a higher standard is undertaken. In Malawi, the
introduction of free primary education in 1994 has led to an unprecedented
demand for new teachers.

Africa’s teacher shortage is made worse by people abandoning the
profession. It is not completely understood why this is happening at a time
when education is expanding. However, one factor is understood to be the
HIV pandemic. Although there is little information on the impact of HIV and
AIDS on teachers, whatever evidence does exist gives cause for concern — in
Zambia mortality among teachers is reported to be 70 per cent higher than in
the general population, although deaths are not attributed officially as HIV and
AIDS related.® Teacher training is not keeping pace and the result is that there
is extra pressure on those teachers who are available.

Tomorrow’s Wealth: Biodiversity and Sustainable Development

Healthcare and education are among the pillars of all societies. For Africa,
another foundation for the prosperity of present and future generations is the
continent’s natural resources and its biological diversity. Africa is rich in
natural resources and biological diversity (or biodiversity). This includes land,
wildlife, forests, fisheries and water.

Today, however, Africa’s biodiversity in particular is under threat, not least
from the degradation of land and water that the continent is experiencing.
Africa’s economies and its peoples often suffer from the effects of drought and
floods unlike people in other parts of the world. But the frequency and ferocity
of these are likely to increase as climate change continues to bite. Land and
water degradation takes many forms. It includes desertification, deforestation,
a decrease in arable and grazing land, declining soil productivity, pollution,
and depletion of freshwater. Many of these issues are intertwined.™

Biodiversity loss in Africa has significant impact on economic growth and
social development. Deforestation, for example, is known worldwide to reduce
wildlife. But for Africa’s rural citizens it has the effect of removing key sources
of food, fuel and medicines, as well as adversely affecting tourism and
pharmaceuticals — from a reduction in the availability of medicinal plants.

One of the most significant impacts of biodiversity loss, however, is in the area
of livelihoods. More than 70 per cent of sub-Saharan Africa’s people depend
in large measure on forests for their living, and 60 per cent of Africa’s energy
needs are met by wood. The annual gross cost of environmental degradation
in Ghana, including forest loss, soil erosion, health effects and land
degradation, has been estimated at US$127 million, or 2 per cent of the
country’s GDP."

Land degradation is not the only cause of biodiversity loss. Other factors
include rapid population growth, urbanisation, unsustainable agricultural
expansion and over-exploitation of forests. Natural factors such as variable
rainfall add to the mix, along with wider issues such as overall low economic
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growth, weak regulatory frameworks, the limited response capacity of public
institutions, and collapses in governance triggered by conflicts.

People Power: Towards Better Governance in Africa

If the effects of natural disasters and poor healthcare were not enough,
Africa’s post-independence development has been further hindered by poor
governance. The nature and effects of this have been documented
extensively. But what is now clear, indeed, what has been clear for some
years now, is that the crisis of governance in Africa may well have turned a
corner.

Between 2000 and 2005, more than two-thirds of the countries in sub-
Saharan African have held multi-party elections. The unquestioned and
seemingly uninterruptible rule of individuals, armed forces and single-parties
is giving way to more representative governments, and greater political and
other freedoms for all citizens. Africa is at the beginning of what may well be
its most important journey in political terms. The road to good governance is
long and the journey is not easy as many countries are discovering, but what
is important is that most countries in the AU are committing themselves to
embarking on that journey. One important innovation is the provision of
science advice inside government, both at the level of the executive, as well
as the legislature.

Science, Technology, Learning and Innovation in Development

The role of science and technological innovation in economic change and
sustainable development is increasingly recognised: we now know that many
of the economic advances in developed and newly industrializing countries
stem from innovation — this might be technological innovation, or innovation in
organization, processes, and management.'? One of the keys to success from
innovation has been a focus on improving skills — in essence, putting a
premium on learning. This strategy means that that every generation receives
a legacy of knowledge that it can harness to its own advantage. Every
generation blends the new and the old, and thereby charts its own path in
development.

In the developed countries, national income and rates of economic growth
have not decreased appreciably since the Industrial Revolution, circa 1870,
One reason for this is that these countries have chosen to reinvest an ever-
larger percentage of GDP in further research. Every year, the 29 OECD
member-countries together spend about 1.5 times more on research and
development than the entire economic output of sub-Saharan Africa.™
Ambitious developing countries have followed suit, increasing research
capacity and skills development in a variety of science and technology
disciplines.

Knowledge creation through research and innovation is one component of
development. A second is translating research (wherever appropriate) into
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products and processes and modifying and adjusting them to respond to
socioeconomic conditions.™

Take agricultural product|V|ty World food production doubled between 1961
and 1998, without increasing the area of land under cultivation.'® Another
pertinent example is high-tech manufactured goods. From 1980 to 1996, trade
in these grew at double the rate of resource-based goods."” Some of the East
Asian countries that capitalised on these opportunltles have transformed
themselves into middle- or even high-income economies.'®

A lack of human capacity is emerging as one key message emerging from this
example, and from the broader assessment of Africa’s status in the global
economy. What AU member states must do is to focus on building human and
other capacity, particularly in science, technology and innovation. Economic,
social and sustainable development cannot happen without appropriate
infrastructure, and human resource development on a large scale. '°

Infrastructure includes transport (roads, rail, airports); education (schools,
colleges, universities, teacher training and inspectorates), as well as water,
sanitation, irrigation, health centres, telecommunications and energy. These
investments, in turn, nurture the development of small and medium-sized
enterprises, which are among the engines for economic growth. Enterprise
development and infrastructure also catalyses the development of local
operational, repair and maintenance expertise, as well as institutes of higher
education, academies of SC|ences and engineering and related professional,
industrial and trade associations.?® All of these are mtegral to the broader
goals of development, learning and economic growth.”’

The Potential for Biotechnology

For the past two decades, biotechnology has been at the centre of global
conversations in public policy. Its potential in development was recognized in
1992. Agenda 21, the action programme of the United Nations Conference on
Environment and Development held in Rio de Janeiro, stated that
biotechnology:

“Promises to make a significant contribution in enabling the development of,
for example, better health care, enhanced food security through sustainable
agricultural practices, improved supplies of potable water, more efficient
industrial development processes for transforming raw materials, support for
sustainable methods of aforestation and reforestation, and detoxification of
hazardous wastes.”

In the intervening years, biotechnology (in the broadest sense meaning
biological technologies) has kept many of these promises, not only in
developed countries, but also in the developing world, particularly Brazil,
China, Cuba and India. Biotechnologies, moreover, are used to reclaim
wasteland through the use of micro-organisms and plants that are deployed to
degrade toxic compounds. Biotechnologies are used in agriculture, both in the
genetic modification of food and non-food crops, but also through the use of
natural methods for controlling weeds and pests. Some firms have
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incorporated biotechnology techniques in production processes to lower
energy and water consumption, improve productivity and reduce the number
of processing steps.?? Biotechnologies are also now widely used in
healthcare, for example, in the development of vaccines for critical illnesses
such as Hepatitis B.

But as with the Green Revolution, biotechnology has so far failed to take root
in Africa. Many obstacles stand in the way. These include many that have
been mentioned in previous pages.? If the will exists to invest in human
resources and in infrastructure, then AU member states, too, will reap the
benefits from biotechnologies.

One of the most promising areas for the development of biotechnology in
African countries is in products derived from minerals and from forests.?
Another area of promise is the promise of energy from natural products (the
bio-energy sector).

The Regional Dimension

Trade is a key component of growth, for all countries. In the past two decades
alone, first China and now India have seen economic growth accelerate
through the promotion of national, regional and international trade. Many
developing countries have found new markets. Eighty per cent of exports from
developing countries, for example, are now in manufacturing. Compare this to
the 1980s when 70 per cent of developing country exports were primary
commodities. The share of developing countries in world trade has risen
strongly, with the share in manufacturing rising from 17 per cent in 1990 to 27
per cent in 2002.

But within the countries of the African Union, such gains in trade are yet to
materialize. Indeed, for many, the opposite has happened. The AU’s share of
world trade has shrunk in the past quarter century, from around 6 per cent in
1980 to 2 per cent in 2002.

This statistic comes despite the fact that AU member countries have launched
many initiatives aimed at boosting regional economic integration. The past
four decades, for example, have seen many regional cooperation and
integration schemes adopted across Africa. Currently, there are more than 20
regional agreements that have this aim in mind.

Why is regional integration seen as important? As seen in the context of the
AU, it is seen as a way of dismantling at least three barriers to development.
These are: weak national economies; a dependence on importing high-value
or finished goods; and a reliance on a small range of low-value primary
exports, mainly agriculture and natural resources.

A desire for closer regional cooperation emerged initially in the first years after
the end of colonial rule. It was manifest in several ways. Among peoples, for
example, was the desire for unity and for a pan-African identity. Those of
Africa’s leaders who steered individual countries to freedom were keen to
support this. But a united Africa for them also had a clear political goal: this
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was to create a regional power strong enough to be able to stand up to former
colonial powers whenever the need arose.

This aspiration has been fulfilled to a degree with the founding of the African
Union in 2001, and before that the Organization of African Unity (OAU) in
1963. The African Union in particular provides for greater political unity and
economic integration, and commits African countries to principles of
democracy, the protection of human rights, good governance, gender equality
and people-centred development.

For two decades, from the mid 1960s through to the mid 1980s, the OAU
played midwife to many treaties and institutions aimed at strengthening
regional ties These included the Customs and Economic Union of Central
Africa (UDEAC 1964); the East African Community (EAC 1967-1977, and
revived in the early 1990s); the Southern African Development Community
(SADC);? the Economic Community of West African States (ECOWAS 1975);
the Common Market for Eastern and Southern Africa (COMESA 1995);%° the
Arab Maghreb Union (AMU 1989); the Economic Community of Central
African States (ECCAS); the Inter-Governmental Authority on Development
(IGAD); and the Community of Sahelo-Saharan States (CEN-SAD). The UN
Economic Commission for Africa (ECA), established in 1958, both acted as
catalyst for their formation and gave them their economic orientation.

These initiatives had various aims, some ambitious, others more focused.
They included: eliminating tariffs and barriers to trade among members,
establishing a customs union; unifying fiscal policy; coordinating policies in the
sectors of transport, communications, energy and in infrastructure. In each
case, the designers of these policies and initiatives wanted to open up
national economies, but at the same time reap greater rewards from
geography, and from Africa’s common culture.

Many of the initiatives of the past have not worked. In particular, what seems
to have failed is the idea that economic growth will automatically follow
through the often symbolic act of opening up or expanding markets for trade®’.
Many countries thought that merely opening up borders would increase trade,
from which, all other benefits (such as increased economic growth) would
follow. What they failed to realise is that the act of dismantling trade barriers
needs to take place along with the development of infrastructure and
institutions. Without the latter, larger markets in particular have little incentive
to do business. One of the reasons for this is that compensating for the lack of
infrastructure or institutions adds to the bottom-line of businesses.?

Regional Innovation Communities and Local Innovation Areas

Is there a regional dimension to developing biotechnology among AU
members? This report will demonstrate that there is. Central is what we call
Regional Innovation Communities. Developments in science and innovation
increasingly happen through collaboration, where individuals and institutions
with complementary skills and expertise come together to realise shared
goals. Globalisation has removed barriers to such collaboration. Regional
Innovation Communities would include both physical, but also virtual clusters
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of people and organizations. Investment in people and other resources would
be key. The physical clusters we call Local Innovation Areas. They would
include universities, companies and industries, science parks, trade
associations, academies of science and learning, and other professional
groups.

Local Innovation Areas can be seen as consisting of important links,
complementarities, synergies and spillovers of technology, skills, information,
marketing, and customer needs across multiple firms and industries. They
increase productivity and innovative capacity in individual businesses and in
industry, and incubate new businesses that in their turn buttress innovation
and expand the centre.

The Role of International Partners

Providing aid, giving technical assistance, and importing raw material and
natural resources. This is one -- and not entirely inaccurate -- description of
the relationship between many of the poorer developing countries, and the
broader community of developed nations. It applies equally in the field of
scientific research. In the field of natural product chemistry, for example, if a
laboratory in a developing country has succeeded in identifying therapeutic
qualities from a natural product, the higher-value processes of developing
pharmaceutical compounds is likely to take place in another (usually
wealthier) part of the world.

This could change if many AU member states were to make a step-change
investment in human resource development as well as well as similar
increases to spending on infrastructure, as has happened in other developing
countries. Cooperation and collaboration is vital to progress in science and
innovation. Indeed, Regional Innovation Communities and Local Innovation
Areas will need to develop strong links with international partners.

Increasingly, international scientific partnerships are being forged between
countries of the Southern hemisphere. Take Heber Biotech. A semi-private
company in Cuba, it has helped commercialize the country’s biotechnology
products and by 1998 was recording about $290 million a year in sales of
hepatitis B vaccines and pharmaceuticals in 34 countries. Now Heber Biotech
is entering into partnerships with other developing countries.

In 2001 it established a joint marketing venture with Kee Pharmaceuticals of
India. The company’s new division, Kee Biogenetics, has launched India’s first
recombinant DNA product, streptokinase, capable of dissolving coronary clots
and preventing heart attacks. The resulting drug, Cardiostrep, is owned by
Heber Biotech.
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Chapter 2:

Biotechnology in Africa: Status Report

A Revolution on the Farm; What Biotechnology can do in Nutrition;
Biotechnology in the Animal Kingdom; Biotechnology in Forests and Beneath
the Seas; Biotechnology in Healthcare; Industrial Biotechnology;
Environmental Biotechnology; Merging Biosciences with Chemistry and
Computing; New Ways to Finance Biotechnology.

Biotechnology in the fullest sense of the word is critical to Africa’s
development. But to realize the potential that biotechnology holds for
sustainable development and a better quality of life, AU member states need
to travel faster towards researching, developing, harnessing, and innovating in
response to the continent’s needs. Much innovation is already taking place
throughout the continent. This chapter outlines Africa’s strengths in
biotechnology in agriculture, livestock, healthcare and other sectors.

Revolution on the Farm: Agricultural Biotechnology

Among its many applications, biotechnology also includes being able to
isolate, select and transfer genes from one organism into another, a
technology known as genetic modification. Global agriculture today is a major
user of this application, and worldwide developments in this technology
continue to be rapid. For example, some 8.5 million farmers today grow crops
that have been produced using genetically modified biotechnology. Far from
being a technology for the wealthy, nine out of every 10 farmers who use it
come from some of the poorest countries.

Overall, the global area of approved crops that use biotechnology increased
to 90 million hectares in 2005 from 81 million hectares in 2004, representing
an annual growth rate of 11 per cent. Similarly, the number of countries
growing biotech crops increased from 17 in 2004 to 21 in 2005. In order of
crop area, these are: USA, Argentina, Brazil, Canada, China, Paraguay, India,
South Africa, Uruguay, Australia, Mexico, Romania, the Philippines, Spain,
Colombia, Iran, Honduras, Portugal, Germany, France and Czech Republic.
Eleven of these are developing countries.

Among them it is Brazil that leads the way in setting aside land for agricultural
biotechnology. The largest increase in crop area in Brazil was 4.4 million
hectares, followed by the US (2.2 million hectares), Argentina (0.9 million
hectares) and India (0.8 million hectares).

Notwithstanding modest efforts from public sector institutions, the primary
source of genetically modified crops, however, remains the private sector.
Indeed, it is multinational corporations that have made significant investments
in global genetic technology. And in doing so, they have tended to
concentrate on those applications, which they believe are more likely to offer
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significant returns on their investment. For example, in 2005, herbicide
tolerance continued to be the predominant trait of biotech crops grown
worldwide (71% of the global crop area) in soybean, maize, canola and
cotton. The bulk of the remaining area is occupied by insect-resistant cotton
crops (18%) and crops with stacked genes (11%).%°

The economic potential for wider applications of agricultural biotechnology
can be seen from the fact that in 2005, the global market value of the four
crops mentioned above was US$5.25 billion, comprising 15 per cent of the
global market for disease and pest control (US$34.02 million) and 18 per cent
of the seed market (~US$30 billion). In 2005, nearly half of the world’s
agricultural biotech market was represented by just one crop: soybeans. The
cumulative global biotech crop market for the period 1996-2005 is estimated
at US$29.3 billion.

As the following short summaries demonstrate, Africa’s governments, its
industry and its research institutions are well aware of the potential that
agricultural biotechnology holds if applied in other ways and to indigenous
crops. One study of 13 public institutions in Kenya, Zimbabwe, Egypt and
South Africa showed that biotechnology applications have been performed on
21 crops where the genes incorporated include those that confer insect,
fungal, viral and bacterial resistance, protein quality improvements, herbicide
tolerance, and salt and drought resistance.*

Selected Country Assessments
- South Africa

In South Africa alone, for example, about 20-30 per cent of yellow maize and
80 per cent of cotton are now genetically modified varieties.®' Estimates for
the 2003/2004 production season showed that about 27 per cent of total
yellow maize area (used in animal feed) was under varieties produced using
genetic modification, white maize (for human consumption) is planted on less
than 8 percent of the total white maize area.®* The traits being developed
include drought tolerance, nitrogen use efficiency, and resistance to striga and
stem borer using both transgenic techniques as well as conventional
biotechnology. South Africa’s leading biotech research institutions include the
Universities of Cape Town and KwaZulu Natal.

The early successes with GM cotton in South Africa, however, have not been
sustained. The area given over to GM cotton has declined drastically, though
the main reason for this is a significant drop in the market price for cotton. As
a result, the cotton crop area fell from 99,000 hectares in the 1998/99 season
to 51,000 hectares in the 99/2000 season. The area of land continues to fall
and is estimated to be just 21,000 hectares for 2004/2005.

An insect-resistant potato was developed in South Africa in 2001. The goal
was to help small farmers to grow this on a commercial scale. The potatoes
performed well in field trials but commercialisation has been delayed.
Syngenta, which owns the rights to the Bt gene that confers insect resistance,
has not been able to obtain full regulatory approval of the South African
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government before a commercial license can be given. Moreover, the
company is waiting for biosafety legislation to passed in neighbouring
countries, which would cover any liability issues that may arise if genes
crossed borders through wind-blown pollen, for example>?

- Kenya

Kenya has been working with non GM biotechnologies (bio-fertilisers and
tissue culture, for example) for several decades.>* Tissue culture continues to
be an important technology in Kenya in the horticulture sector particularly in
citrus and pyrethrum. More recently there has been much focus on tissue
culture in bananas.>

The first GM biotechnology product to be developed in Kenya was a
genetically modified virus-and weevil-resistant sweet potato. This project
began in 1991 and was a public-private partnership (PPP) between the United
States Agency for International Development (USAID), the Kenyan
Agricultural Research Institute (KARI) and the Monsanto Company, with the
International Service for the Acquisition and Application of Agricultural
Biotechnology (ISAAA) joining in 1999. The sweet potato trials met some
setbacks because it is believed that the construct for the virus resistance was
not well tested and it did not perform well under field trials.

In addition, KARI in partnership with the international maize laboratory
CYMMIT in Mexico has been developing insect resistant transgenic maize.
The maize was tested in field trials in May 2005. Kenyatta University in Kenya
has established a facility for plant transformation with maize being one of the
candidate crops especially for resistance to striga and tolerance to drought.®

- Egypt

Egypt has worked on more varieties of crops than any other country in Africa,
and is second to South Africa in the number of what are called ‘transformation
events’ in which new crops are modified using biotechnology.*” The Genetic
Engineering Services Unit (GESU) of the Agricultural Genetic Engineering
Research Institute (AGERI) in Egypt has been actively involved in
micropropagation of Satavia rebaudiana and mulberry, as well as the
production of diagnostic kits for detecting viruses in banana, potato, tomato
and beans. Plant biotechnology research at AGERI also includes transferring
genes that confer virus resistance, bacterial resistance, insect resistance,
stress tolerance and fungal resistance on such crops as potato, cotton, maize,
faba beans, cucurbits, wheat, banana and date palm.

Insect resistant potato is another of the major crops that have been worked on
in Egypt by AGERI in partnership with Michigan State University in the USA.
Several varieties of potato were transformed for potato tuber moth resistance
including a widely grown Dutch variety in Egypt, Spunta. Spunta performed
well in controlling potato tuber moth but after eight years of research (1993-
2001), the Bt potato has not been commercialised because of trade concerns
with the EU over GM crops.
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- Uganda

The National Agricultural Research Organisation (NARO) of Uganda opened
a new research laboratory in 2003 to conduct work on the genetic modification
of banana. The goal was to insert genes that will confer resistance to Black
Sigatoka and banana weevils. Several African and international institutions
are involved in this partnership including KUL, CIRAD, the International
Institute for Tropical Agriculture, the University of Pretoria and Leeds
University in the UK.

Field trials on Bt cotton have been carried out in several countries including
Kenya, Zambia, and Zimbabwe. Tanzania and Burkina Faso have recently
started field trials, while Mali was slated to start field trials in 2005. However, a
cotton trial in Zambia has had to be halted because biosafety regulations were
not ready at the time.

Future Food: Biotechnology and Nutrition

Cereals are the major staples in the diets of the majority of Africa’s citizens.
But cereals tend to contain insufficient quantities of vitamins, minerals, as well
as essential amino acids, iron and zinc. This contributes to a form of hunger
that nutritionists call ‘micronutrient malnutrition’. The absence in diets of one
such micronutrient, Vitamin A, is the leading contributor to child mortality in
developing countries. Vitamin A is key to the effective functioning of immune
systems. Despite many successes, Vitamin A deficiency today still affects the
ability of 250 million children to fight off deadly diseases such as HIV and
AIDS, malaria and diarrhoea. It is also the single most important cause of
blindness among children.*® The absence of minerals such as iron, zinc as
well as amino acids, moreover, contribute to infections and increase the risks
of complications during childbirth and pregnancy. Also, these deficiencies
profoundly impair child development.

Worldwide, biotechnologies that can enhance the nutritional value of grains
and fruits are developing rapidly and their use in tropical crops is expected to
improve healthcare, while at the same time contributing to economies. Rice
and sorghum are two of the candidate crops, being developed for this
purpose. A third is sorghum. Biotechnology is being employed to improve the
nutritional content of sorghum thanks to the work of a consortium of
institutions from Africa, Japan and the USA. Funded by the Bill and Melinda
Gates Foundation and led by Kenya-based Africa Harvest, consortium
members include the Council for Scientific and Industrial Research (CSIR) of
South Africa, the African Agricultural Technology Foundation, Forum for
Agricultural Research in Africa, and the Agricultural Research Council (ARC)
of South Africa. The project has still to obtain approval for contained trials, but
by the end, its partners expect to produce sorghum that is fortified with amino
acids, proteins, iron, zinc and Vitamin E.

Nitrogen is a key limiting nutrient in the soils for crop production, but the price
of nitrogen fertilizer has been increasing over the years to the extent that it
has become unaffordable to most small scale farmers in rural areas.
Biological nitrogen fixation (BNF) is a technology that has been adopted by
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many countries in Africa to circumvent this problem. It induces the
multiplication of microbes in plant roots, known as biofertilizers, which then
help the plant fix nitrogen from the atmosphere. Use of biofertilizers has been
reported in many countries for instance Kenya, the United Republic of
Tanzania, Zambia, Zimbabwe, Tunisia and Senegal.*’ For over a decade,
several brands of a BNF product developed at the University of Nairobi,
Kenya, have been released for commercial use, mainly for the production of
leguminous crops.

New Rice for Africa

One agricultural biotechnology application with promising potential is what is
known as New Rice for Africa (NERICA), a new variety of hybrid rice.
Scientists at the Africa Rice Center (WARDA) in Benin have created NERICA
by crossing Oryza sativa (Asian rice) with Oryza glaberrina (African cultivated
rice). Farmers have been able to select new rice varieties from the resulting
germplasm, with qualities such as higher yields, shorter growing seasons,
resistance to local stresses, and higher protein content than traditional African
varieties. The new varieties have been released in Cote d’lvoire, Nigeria and
Uganda, and are being evaluated in Benin, Burkina Faso, Ethiopia, The
Gambia, Malawi, Mali, Mozambique, Sierra Leone, Tanzania and Togo.
WARDA researchers suggest that some 200,000 hectares will soon be under
NERICA cultivation, producing about 750,000 tonnes of rice per E/ear, and
leading to an annual saving on rice imports of nearly US$90 million.*

Recommendation 1: Agricultural biotechnology holds the promise of
improving food security, and better nutrition. AU member states must invest in
agricultural biotechnology to address long-term issues such as nutrient
deficiency, and needed improvements to overall agricultural productivity.

Lifelines for Livestock: Biotechnology in the Animal Kingdom

Often less rated by those who shape and plan development policies, livestock
is critical to agriculture and to food production in Africa, as it is elsewhere. Yet,
according to some estimates, Africa’s livestock community is expected to
become the most important agricultural sector in terms of physical products
derived from agriculture, such as meat products and leather.

At the present time, the continent’s livestock sector is in need of much support
and is experiencing inadequate animal husbandry and poor veterinary
services — the latter of which is predominantly provided by the state. But, as is
the case in agriculture more broadly, Africa’s governments and the continent’s
research institutes are using biotechnology to improve the continent’s
veterinary science and medicine. This might be through the development of
recombinant DNA vaccines or through attenuated live vaccines. Or it could be
through the many diagnostic testing kits that have been developed to
diagnose disease causing agents, or to monitor the impact of disease control
programmes. These tests are particularly important in being able to trace and
then eradicate disease epidemics. Most of the diagnostic kits currently in use
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in developing countries, however, are cumbersome and unsuitable for low-
income farmers.

When it comes to animal health, there is no substitute for proper and
nutritious animal feed. Yet we know that most livestock farmers in the
developing world are unable to afford what they need. Once more
biotechnology can lend a hand by fortifying the feed that farmers currently use
with enzymes, probiotics, single-cell proteins and antibiotics. Gene-based
technologies are being used to improve animal nutrition by making existing
feed more digestible, for example. Another technique that is used is to modify
the digestive systems of animals in such a way that they can make the best
use of available feed. A third possibility is from animal cloning. Producing
animals that can, for example, produce meat and milk but without the use of
expensive hormones, antibiotics and chemicals.

After five years of study, the US Food and Drug Administration (FDA)
announced in December 2006 that it regards food from cloned animals as
being safe to eat. Similar studies from other regulatory agencies are expected
to follow suit. Africa’s farming systems are already under stress. Breeds of
cattle resistant to diseases such as sleeping sickness are dwindling at an
alarming rate as local farmers adopt larger zebu breeds to replace their
hardier but smaller taurine relatives. Ecological change is like to accelerate
this trend. Slowing the decline will require the use of reproductive techniques
such as animal cloning for predictable livestock production, in addition to
expanded breed conservation programs.

Selected Case Studies
International Livestock Research Institute (ILRI)

The International Livestock Research Institute (ILRI) is at the forefront of using
biotechnology to develop new and improved animal vaccines as well as
developing diagnostic tools to combat livestock diseases. These include in
particular the high-priority ‘orphan’ diseases of Africa and South Asia. The
centre’s research is also aimed at conserving the wealth of what is called the
‘barnyard’ genetic diversity of Africa and other developing nations; and for
improving the feed value of crops in crop-livestock systems. One third of its
US$35 million budget is spent on research in biotechnology. More than 100
scientists, technicians and students work in an array of fields including
bioinformatics,  biometrics,  diagnostics, immunology, = microbiology,
parasitology, and recombinant DNA technology.

Most of ILRI’'s biotechnology research is conducted at the centre’s
headquarters, in Nairobi, Kenya, but also at its second campus in Addis
Ababa, Ethiopia, where ILRI maintains a forage genebank. Specific projects
include research to identify genetic markers for tolerance to African
trypanosomiasis in N'Dama cattle, and for resistance to parasites in Red
Maasai sheep. The institute is currently looking to develop a vaccine against
Theileria parva in cattle and preliminary trials with five candidate vaccines are
currently underway.*?
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Laboratoire National de I'Elevage et de Recherches veterinaires (LNERV)

The Laboratoire National de I'Elevage et de Recherches veterinaires (LNERV)
in Senegal is West Africa’s principal veterinary research laboratory.
Established more than 50 years ago, it has extensive experience of research
in animal health and husbandry, particularly in developing vaccines. LNERV is
also involved in developing diagnostic tools for better surveillance of diseases
that are specific to animals in a certain area (enzootic diseases) and
diagnostic kits for those diseases, which affect large numbers of animals at
the same time (epizootic diseases). LNERV is also involved in developing and
implementing disease control strategies in Senegal and broader West Africa.

LNERV has also produced kits for the diagnosis of rinderpest and for African
swine fever, as well as 25 different types of veterinary vaccines equivalent to
some 50 million doses per year. New vaccines in the pipeline include those
for anthrax (this will be a genetically recombinant vaccine), epizootic diseases
such as Newcastle disease in rural poultry; zoonotic diseases such as Rift
Valley fever and for hemoparasite disease.

South Africa

In South Africa, biotechnology is being used to develop molecular diagnostic
testing kits for tick-borne diseases found in livestock. Where South Africa
leads the way is in bringing together and leading consortia of public and
private sector groups in developed and developing countries. One testing kit
that was launched in March 2005 for example, was produced through
collaborative work carried out by a consortium comprising the University of
Pretoria, Utrecht University, Isogen Life Science and the ARC-Onderstepoort
Veterinary Institute.

Work is currently underway to transfer genetic material from the indigenous
Bosmara cattle to farmers in developing countries using embryo transfer
technology. The aim here is to transfer useful traits in cattle breeds in other
countries using conventional animal breeding methods.**  Several live
recombinant vaccines have been developed for use in primates and livestock.
For instance, the recombinant vaccinia virus (rVV) developed for Rinderpest
provides sterilizing immunity to cattle.*®

Ethiopia

Among its many strengths, Ethiopia’s National Veterinary Institute has the
capability to study and screen micro-organisms for biological compounds that
could have applications in vaccines and other therapeutic purposes. The
institute produces viral vaccines against Rinderpest, Sheep-pox, Newcastle
disease, African horse sickness, foot and mouth disease. It also produces
bacterial vaccines against contagious Bovine pleuropneumonia, anthrax, and
blackleg, among others. It has developed a recombinant DNA-based vaccine
against Rinderpest in collaboration with University of California, Davis. The
Institute is also a regional offic