
knowledge-based economy, and to harnessing 
life-sciences research for health and economic 
development. Although the relevant poli-
cies are in place, what remains to be seen is 
to what extent they will be translated into 
concrete support for research, development 
and delivery of products and services in the 
human genomics field. Identifying the needs, 
encouraging local collaborations and helping 
to form r&D networks will go a long way 
towards establishing South Africa in this field.
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The next steps for genomic medicine: 
challenges and opportunities for the 
developing world
Billie-Jo Hardy, Béatrice Séguin, Federico Goodsaid, Gerardo Jimenez-Sanchez, 
Peter A. Singer, and Abdallah S. Daar

Abstract | This is a historical moment on the path to genomic medicine — the point 
at which theory is about to be translated into practice. We have previously 
described human genome variation studies taking place in Mexico, India, Thailand, 
and south Africa. such investments into science and technology will enable these 
countries to embark on the path to the medical and health applications of 
genomics, and to benefit economically. Here we provide a perspective on the 
challenges and opportunities facing these and other countries in the developing 
world as they begin to harness genomics for the benefit of their populations.

Thanks to rapid economic development, 
two-thirds of the entire global economic 
growth last year was from the so-called 
emerging economies, which are predicted 
to grow at an average of 6.7% in 2008 com-
pared with 1.3% in the United States, Japan 
and European Union1. In addition, emerging 
economies in the developing world, such as 
India, China and brazil, are investing heavily 
in innovative science and technology (S&T) 

and making significant progress in the 
life-sciences arena, where they are increas-
ingly protecting the subsequent intellectual 
property2–4. The situation in the poorer 
parts of the developing world, especially in 
sub-Saharan Africa, has so far been different. 
The proportion of gross domestic product 
(GPD) spent on research and development 
(r&D) is extremely low in sub-Saharan 
Africa5, and health expenditure is less than 
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US$30 per capita annually6 compared with 
more than $6,000 in the United States7. 
However, in terms of understanding the 
value of S&T for development, of invest-
ing in S&T, and of realizing the need to 
spend more on health, the situation might 
be changing. For example, African Union 
countries have endorsed the call to spend 1% 
of their GDP on S&T and have undertaken 
to spend more on health8,9.

we have described several case studies in 
Mexico, India, Thailand and South Africa, 
which demonstrate how emerging economies 
in the developing world are investing in 
large-scale human genomic variation stud-
ies10–13. The most comprehensive programme 
is Mexico’s National Institute for Genomic 
Medicine (INMEGEN), which has described 
in a recent publication a nine-point strategy 
for the adoption of genomic medicine, includ-
ing: building an innovative organizational 
design; establishing the initial infrastructure; 
initiating nationwide strategic alliances; 
conducting r&D in genomic medicine; apply-
ing genomic technology to common health 
problems; reaching excellence in teaching and 
training programmes; supporting academic 
programmes in genomic medicine; addressing 
ethical, social and legal issues; and translating 
genomic knowledge into products and serv-
ices14. For these countries that have already 
embarked on major genomics initiatives, 
establishing research institutes and conduct-
ing the research are the first steps on the path 
to genomic medicine. For them the major 
question now is how they will go from this 
early-phase investment towards the hoped-for 
health-oriented applications, and the eco-
nomic benefits. For other countries that have 
not started genomics initiatives, the question 
is: what are the potential entry points? And 
for all developing countries, with or without 
current genomics initiatives, the question is: 
what are the challenges and opportunities 
along the way to the adoption of genomic 
medicine and to deriving economic benefit 
from genomics? Some challenges are common 
to all countries, whether economically devel-
oped or developing. Other challenges will be 
more specific to developing countries. Here 
we present a perspective on the challenges 
and opportunities associated with the adop-
tion of genomic medicine, particularly in the 
developing world, and the need to understand 
the interdependent nature of efforts to develop 
genomic medicine globally.

Projects in the developing world
The large-scale human genomic variation 
projects that we have described are not the 
only projects of their kind taking place in 

emerging economies and the developing 
world. China was the only developing 
country that participated in the sequencing 
of the human genome. Several years later, it 
has a number of important initiatives related 
to genomics. For example, China’s beijing 
Institute of Genomics plans to sequence the 
entire genome of 100 Chinese individuals. 
Some relatively wealthy countries, previously 
unknown for their involvement in human 
genomics, are also investing in this field. 
researchers in the Al-Mulla molecular 
pathology laboratory at the University of 
Kuwait, for example, are using haplotype 
mapping to study the Arab genome and to 
identify genomic sites linked to colorectal 
cancer and type II diabetes. Iran has initiated 
the Human Genome Diversity Project of 
Iran (HGDPI), with the main objective of 
documenting genomic diversity in the popu-
lations of Iran for anthropological purposes, 
and generating a database towards furthering 
the understanding of disease predisposition. 
Finally, sub-Saharan African countries other 
than South Africa are also investing in this 
field. In the year 2000, a national DNA data 
bank was initiated in The Gambia containing 
samples from ~57,000 west Africans15,16. 
More recently, a biobank and pharmacoge-
netics database was established in Harare, 
Zimbabwe, containing 1,488 samples from 
several ethnic sub-Saharan African popula-
tions (Nigeria, Kenya, Tanzania, Zimbabwe 
and South Africa)17. 

Finally, the Pharmacogenetics for Every 
Nation Initiative (PGENI) is also worth 
noting in this context as its goals include: 
enhancing the understanding of pharma-
cogenetics; building local infrastructure for 
pharmacogenetic studies; providing guide-
lines for medical prioritization; and promot-
ing the integration of genetic information in 
the developing world.

exploring potential opportunities
Countries in the developed world, such as 
the United Kingdom, the United States and 
Japan have made tremendous investments in 
r&D towards genomic medicine18,19 (the UK 
biobank and the US National Office of Public 
Health Genomics, for example). Emerging 
economies in the developing world that have 
made a similar commitment will need to con-
sider how best to identify their next steps into 
genomic medicine. Thinking of these next 
steps might also help them identify unique 
niches that would give them commercial 
advantages. For other countries that have not 
yet started genomics initiatives, their entry 
points will depend, to some degree, on  
their respective life-sciences innovation 

infrastructure. Such entry points (see below) 
would need to be appropriate for their level  
of investment in genomics r&D and their 
existing health-care delivery systems.

The current trend in terms of both next 
steps and entry points is for countries in 
the developing world to collaborate in r&D 
with more developed nations (north–south 
collaborations). The Human Genome 
Organisation (HUGO) Pan-Asian SNP 
Consortium provides an example of a recent 
north–south r&D collaboration between 
Asian countries20,21. Lessons learned from 
such collaborations have contributed to the 
further development of international ethical 
guidelines for benefit sharing, ownership and 
r&D capacity building in human genomic 
research. However, increasingly there is a 
trend towards south–south collaborations22, 
in which developing countries pool their lim-
ited resources, help each other and learn from 
each other’s experience. For example, Mexico’s 
significant investment in genomic research 
infrastructure provides other Latin-American 
countries lacking genomic r&D capacity 
the opportunity to pool their resources with 
Mexico, as opposed to the United States or 
Europe, towards the development of genomic 
medicine and innovative genomic medicine 
products for this region.

Next steps and entry points will need 
to be cost effective. Pharmacogenomic 
approaches, including diagnostics, can 
reduce adverse drug reactions in countries 
that can least afford to waste money on 
drugs that might not have the expected 
therapeutic effect. Diagnostics might be 
easier to develop than new drugs and vac-
cines, as they bypass the costly clinical trial 
stage and tend to have a shorter regulatory 
review schedule. In this respect, once the 
cost drops significantly, pharmacogenomic 
diagnostics might be an early next step or 
even an entry point for some developing 
countries. Given their access to large popu-
lations exposed to multiple infections (for 
example, HIv/AIDS, malaria and tubercu-
losis), another viable option for developing 
countries could be to focus genomics r&D 
on the host–pathogen responses for these 
infections.

bioinformatics provides another poten-
tial option. The South African National 
bioinformatics Institute (SANbI), for 
example, has developed evOC — a software 
program that unifies gene expression data 
by facilitating a link between the genome 
sequence and expression phenotype informa-
tion23. The world Health Organization-based 
Special Program on Tropical Diseases 
research and Training runs training  
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programmes on bioinformatics for scientists 
in the developing world24.

National genotyping projects are useful 
for establishing base-line profiles, which 
might have great benefit for subsequent 
studies. For example, INMEGEN has 
revealed significant ancestral components 
between populations from different regions 
of Mexico. Moreover, identification of 
unique SNPs and significant differences 
of functional variations related to drug 
metabolism suggest the need for regional 
approaches for the study and applications 
of genomic medicine in Mexico. The Indian 
Genome variation (IGv) consortium 
recently uncovered high levels of genetic 
divergence between groups of Indian popu-
lations that cluster largely on the basis of 
ethnicity and language25. The study of such 
population groups will be useful for address-
ing stratification and complex study design 
issues25. Here, large collaborative efforts on 
r&D in fields such as pharmacogenom-
ics, vaccinogenomics and toxicogenomics 
could serve as entry points for developing 
countries. Examples include pharmacovigi-
lance programmes and detailed analyses 
of data from vaccine trials in which some 
but not all the human subjects respond to a 
particular vaccine. A well known example 
demonstrating that genetic factors can have 
a strong effect on the immune response to 
certain vaccines is the response to hepatitis 
b surface antigen (HbsAg). Up to 10% of 
people do not respond to HbsAg vaccina-
tion. recent evidence suggests that although 
genes encoded within the major histocom-
patibility complex are important for this 
immune unresponsiveness, more than half 
the heritability is determined outside of this 
complex. Identification of these genes will 
help us to understand regulation of immune 
responses to viral proteins26.

A potential to improve the understand-
ing of genomics and traditional medicines 
through fields such as nutrigenomics 
provides another possible entry point 
that offers these countries an intellectual 
property advantage. Traditional medicine is 
well established in China and India, where 
a memorandum has recently been signed to 
further the understanding of their respective 
traditional medicine sectors27. whether 
genomics can add any value to such  
endeavours remains to be seen.

Although limited, private sector firms 
in developing countries have also begun 
to leverage the opportunities in genomic 
medicine, identifying possible entry points 
and using unique resources. Avesthagen Ltd, 
an Indian-owned life-sciences company, 

has a large-scale genotyping project of the 
Parsi population in India28. They predict 
an initial market in translational medicine, 
such as genomic medicine, with an eventual 
foray into early diagnosis, pre-symptomatic 
and life-long treatment through a combined 
offering of wellness products (for example, 
nutrigenomics) and personalized health care. 
In other countries, such as South Africa and 
Thailand, a few innovative firms are consider-
ing targeting the medical tourism market12,13.

Finally, additional possible entry points 
might involve anthropology or human his-
tory and migration studies, as part of estab-
lishing a base-line of data for possible health 
applications. This, for example, was the 
original impetus for the HUGO Pan-Asian 
SNP Consortium20,21. Other countries might 
become involved as a result of participating 
in the HapMap project, as did Nigeria29,30.

challenges
Genomic research platforms in emerging 
economies and developing countries will be 
faced by a number of similar challenges as 
they become established and proceed towards 
the adoption of genomic medicine in their 
respective countries. These challenges are: 
the current lack of skilled human resources; 
ensuring sustainable funding and political 
will; sourcing alternative funding; improving 
collaboration within the public research  
sector as well as between the public  
research sector and the private sector; devel-
oping opportunities for south–south and 
north–south collaboration; improving the 
commercialization infrastructure in  
both the public and private sector; develop-
ing and improving the existing regulatory 
infrastructure; developing a health-care 
infrastructure that can address access and 
delivery issues of genomic medicine; training 
health-care workers; and engaging with the 
public to improve awareness and participa-
tion10–14. A number of these challenges are 
local and can be addressed as such by and 
in individual countries. Others, such as 
establishing international r&D collabora-
tions in genomics research and the need to 
address the lack of harmonized regulatory 
infrastructure for genomic medicine, require 
collaborative efforts on an international scale 
to address them.

Internationally, issues that rapidly need 
to be addressed for productive and equitable 
collaborations include data and sample  
sharing, research capacity building in devel-
oping countries, and rules and guidelines for 
building and using international repositories 
containing long-term treatment outcomes 
in both developed and developing nations. 

These issues are often not straightforward 
to address. For example, data and sample 
sharing in many developed countries have 
traditionally focused upon consent and 
the concerns associated with privacy and 
confidentiality31. but in international col-
laborations, in addition to these concerns, 
considerations will also have to be given 
to the sovereign nature of the data and of 
samples sourced in emerging economies and 
developing countries32. The Public Population 
Project in Genomics (P3G), an international 
consortium that aims to build the necessary 
collaborative infrastructure between institutes 
in order to foster interoperability on the 
research level33, provides one example of how 
international consortia can contribute to 
addressing these challenges. It is important 
to think about such issues early because the 
need for large-scale collaborative research is 
becoming more pressing as r&D in genomic 
medicine advances. These studies will require 
data comparisons and validation in large 
sample sets across different populations34, 
which is one reason the European Science 
Foundation has recommended that European 
biobanking initiatives harmonize their efforts 
to achieve maximal benefit35.

Collaborative efforts will also be necessary 
to address policy issues related to transla-
tion of genomic research and applications 
for population health. An example is the 
Genome-based research and Population 
Health International Network (GraPH-Int), 
a global collaborative network that fosters 
dialogue, research, education and training, 
and communication and stakeholder engage-
ment, with the aim of establishing public 
policies, programmes and services in public 
health genomics. These types of consortia 
will be necessary for integrating approaches 
to genomic medicine and accelerating global 
consensus-building towards the development 
of international standards, the regulation of 
genetic testing and consumer genomics, and 
accessibility of genetic data and associated 
information.

broader issues that require consideration 
include the integration of genetic informa-
tion into public health decision-making, 
guidelines for medical prioritization, intel-
lectual property regimes, and the association 
between regulatory bodies and health 
technology assessment bodies. For instance, 
forward-looking intellectual property 
regimes will need to be developed that can 
be used by countries, depending on the stage 
of economic and scientific development, to 
facilitate access to health products, scientific 
capacity building or economic profit. There 
is also a great need to build capacity in 
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technology transfer in many developing 
countries.

One of the major challenges in the 
application of genomic medicine in emerg-
ing economies and developing countries 
involves the limited, or even absent, regula-
tory infrastructure. Some of these countries 
may have limited capacity to regulate tradi-
tional drugs and diagnostics, and will need 
to build capacity for these and for emerging 
genomic medicine products. Furthermore, 
regulatory capacity in many developing 
countries will need to encompass the 
work of ministries of health, science and 
technology, industry, commerce, natural 
resources, the judiciary and legislative 
bodies, as well as of drug licensing 
agencies. Developing countries might 
benefit from the experience of developed 
countries that are currently drafting the 
necessary guidelines to address unique 
emerging issues associated with the regula-
tion of genomic medicine products36. In 
the developed world, these issues are being 
addressed on a national scale by their regu-
latory agencies and on an international 
scale through the International Conference 
on Harmonization (ICH)37. The inclusion 
of emerging or developing countries in the 
ICH harmonization of guidelines associ-
ated with genomic medicine, as well as in 
other consortia that can help to improve 
regulatory capacity, will provide a concrete 
opportunity to improve the application of 
genomic medicine to global health.

Genomic medicine is redefining how 
both developed and developing countries 
need to work together in the application of 
new knowledge to improve public health. 
The intrinsic value of information in the 
human genome is associated less with 
national boundaries and income than with 
how comprehensive this information is, and 
is strongly dependent on the information 
from many individual genomes and from 
many individual countries. Data acquired 
from the genotyping and sequencing 
projects in emerging and developing coun-
tries summarized above help to bridge the 
gaps in the application of genomic medicine 
between developing and developed coun-
tries. Access to these data throughout the 
world will be crucial for the identification 
of novel biomarkers of drug safety and 
efficacy. whereas the generation of infor-
mation from the human genome requires 
a global effort, its application will require 
development of therapeutic, diagnostic and 
other applications and products aimed at 
sub-populations and individuals. The most 
important benefits will probably be in the 

use of genomics knowledge to prevent  
diseases and promote health. At an indi-
vidual level, and perhaps a sub-population 
level, the benefits will depend on how  
genomics is integrated in health systems. To 
achieve these aims of genomic medicine on a 
larger scale, public health systems in countries 
throughout the world will need to integrate 
pharmacogenomic data from their citizens 
and will need to use these data effectively for 
the optimal allocation of diagnostic and thera-
peutic resources, to improve health education 
of their publics. This will help their public to 
change their health-related behaviour, to edu-
cate health professionals, and to re-engineer 
health-care systems more towards prevention 
and health promotion.

In terms of the benefits of S&T generally, 
the current trend to develop knowledge, 
skills and products in the economically and 
scientifically more developed countries  
and then struggle to make these available to 
the less scientifically developed and poorer 
countries is not sustainable in the long run. 
This is why so many developing countries, 
especially the emerging economies, are 
focusing more on local innovation, inven-
tion and commercialization to break the 
cycle of dependency. To go ‘from the lab to 
the village’ through discovery to product 
development to commercialization by, and 
in, developing countries will require that 
science, business and capital be brought 
together creatively. One proposal involves 
creating ‘convergence centres’, which are an 
evolution beyond science parks and incuba-
tors, aimed specifically at enhancing oppor-
tunities for knowledge sharing and rapid 
innovation, and have a focus on product 
development and commercialization38.

conclusions
The existing initiatives in emerging econo-
mies in the developing world, which range 
from databases run by research networks to 
comprehensive national institutes with public 
health mandates, serve as models for how to 
invest in innovative S&T towards develop-
ment. Such initiatives can strengthen local 
research infrastructure and local intellectual 
property regimes, address local health 
needs and reduce health-care costs, thus 
improving local health equity. How these 
countries choose to capture these benefits 
early on will depend, in part, on the type of 
entry points they opt for, which in turn will 
depend on the level of development of their 
research and health infrastructure. There is 
much to be learnt from the experience and 
examples of India, Mexico, Thailand and 
South Africa.

There are, however, significant chal-
lenges to be addressed before the adoption 
of genomic medicine, and although these 
are for the most part being experienced by 
all countries, the challenges are more  
pronounced for developing countries. 
There is therefore a need to strengthen 
existing collaborative efforts, especially 
south–south collaborations, which in 
the long run might be more sustain-
able. Current and future initiatives and 
investments in r&D capacity will further 
enable countries in the developing world 
to participate as equal r&D partners with 
more developed countries, instead of 
merely facilitating access to local biological 
resources.

In terms of international collaborations 
that would add value to all countries, at 
a recent workshop in Mexico City (see 
Emerging regulatory Issues in Genomic 
Medicine conference overview) experts in 
the emerging issues in genomic medicine 
from both the developed and developing 
world discussed a number of ways forward. 
They included the creation of an information 
clearing-house, a virtual network of interested 
parties, phenotypic and genotypic databases 
associated with drug development, an interna-
tional consortium for biomarker development 
with real involvement of emerging economies 
and developing countries, and methods of 
international harmonization of genomic prod-
uct regulation. Many in the developing world 
are excited with the prospects of genomic 
medicine. we are at the crossroads between 
theory and practice. It is important now that 
we all think seriously about the challenges and 
opportunities lying ahead.
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