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Foreword

Rapid advances in genetic technology and human
genome research make it almost certain that
genetics and genomics will become more and more
important for health improvement. If used
appropriately, this knowledge will provide many
exciting future opportunities to achieve better
health for all people. However, it is clear that many
individuals, groups and nations have concerns
about the use and exploitation of genetic data and
genome technology. Biomedical research in human
genetics can lead to the development of diagnostic
and pharmaceutical products. Patents may be
necessary to raise funding to develop such products
commercially, but patenting also has the potential
to impede access to genetic materials, to the
ultimate detriment of service delivery to those with
genetic disorders, especially in developing
countries.

While governments have long relied on patents
and other forms of intellectual property to foster
innovation, in recent years there has been some
concern that patents on genes may hinder research
in the public sector, and push costs too high for
widespread access to medical products and services,
particularly for complex diseases such as heart
disease, cancer, diabetes and asthma. However, the
extent of the impact of patents on genomics
innovation and on access to genetic services
continues to be a matter about which there is great
disagreement. The Human Genetics Programme,

with this initiative, aims to draw together existing
arguments and evidence to present a picture of the
current landscape of the debate, from a pubic health
perspective.

Genetics differs from many areas of research in
that important new knowledge can come from an
individual, a family, or an ethnic group with a
particular genetic variant. Genetic material, and
the information it encodes, therefore has the dual
quality of being both personal and communal. The
human genome and the segments of DNA that
constitute it likewise would appear to have
conflicting status of being both proprietary, and a
common heritage. Intellectual property is a system
developed with the ultimate end of promoting the
public good by fostering the creation of useful new
products. An important challenge is how to square
the seemingly competing needs of inventors and
communities to ensure an equitable distribution of
benefits.

This report does not look to define policy, but to
highlight areas of contention, suggest avenues for
further investigation and stimulate dialogue among
different stakeholders. Thus, the report may serve
as a point of departure for professionals and public
health officials to develop policies and appropriate
practices. It expresses the view of the authors and
does not necessarily represent the policies of the
World Health Organization.

Dr V. Boulyjenkov, Ph.D, D.Sc.,

Human Genetics Programme
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1
Introduction

1.1 Goals of this report
As early as 1963, a World Health Organization
(WHO) Expert Committee observed that “genetic
considerations add a new dimension to public health
work: a concern not only for the health and well-
being of persons now living, but also for (…)
generations yet to come” (WHO, 1964).

Nearly 40 years later, WHO’s Advisory
Committee for Health Research produced a report
on Genomics and World Health, with the goal of
providing a realistic picture of the benefits, chal-
lenges and limitations of genomics, particularly in
relation to the health needs of the world’s poor.1

The report was published shortly after the comp-
letion of the draft sequence of the human genome
and at a time when both expectations and un-
certainties about genomics and its likely impact
on human health were high. It was therefore timely
to review the science and to wade through the
hyperbole surrounding public debate to consider
the realistic possibilities for genomics in terms of
generating practical solutions for health. Moreover,
the report sought to address widespread concern
that genomics had ushered in new and high-tech
methods that would result in both research
approaches and new interventions beyond the reach
of the world’s poor.

The Genomics and World Health report describes
the evolution of genetic science, from Mendelian
genetics and the study of inherited single-gene
disorders, to genomics and the comprehensive study
of multiple genes and their interactions. Its authors
postulate that basic molecular genetic methods
could furnish means for developing skills in

genomics, in this way providing a foundation for
developing public health-related services (like
genetic tests) while at the same time preparing the
ground for entry into a growing and promising
field of biomedical study. Elsewhere it has been
similarly argued that “most developing countries
now urgently need to incorporate genetic
approaches (including DNA diagnosis) into their
health services. DNA diagnosis is relatively
inexpensive, helps to develop skills in molecular
biology and provides a basis for developing
national expertise in genomics” (Alwan and
Modell, 2003).

The Advisory Committee on Health Research
(ACHR) identifies intellectual property as one of
the factors affecting the accessibility of the results
of genomic research and development (WHO,
2002). The present report takes up the question of
how this may be—that is, in what ways intellectual
property may affect the ability of developing
countries to access genomics, both at the level of
research and at the level of health interventions. It
may be helpful to imagine this report as situated at
the intersection of the ACHR report on Genomics
and World Health, the Nuffield Council on
Bioethics’ (2002) Ethics of Patenting DNA, and
the United Kingdom Commission on Intellectual
Property Rights (IPR Commission) report (2002)
Intellectual Property Rights and Development
Policy.2  The Nuffield Council on Bioethics report
“examine[s] the issues relating to genetics and
intellectual property, particularly those that
concern human healthcare and research related to
healthcare”. Its discussion, however, is in relation
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� the particular needs, both health and tech-
nological, of developing countries in rela-
tion to genetics, and what this suggests in
terms of how they should structure their
patent regimes.

We begin by reviewing briefly the history of
genomics and its impact on the biomedical
sciences, as well as the relevance of genetics to the
health needs of developing countries.

1.3 Genomics, genetics and
health

1.3.1 Mendelian genetics and heritable
disorders

One hundred and fifty years ago Mendel began his
garden pea experiments, demonstrating that certain
traits are passed from organisms to their progeny
according to predictable patterns—and, in the
process, laying the foundations of the field we now
call genetics.

Disorders that are the product of so-called Mende-
lian inheritance are those where a specific trait is

to highly industrialized countries. The last report,
on the other hand, explores the relationship between
intellectual property and development, including
various aspects of development that relate to health.
But while the concerns of developing countries3

figure prominently, the impact of DNA patents on
access to effective and affordable products like
genetic tests is not specifically addressed.

This report approaches the issue of intellectual
property from a public health-centred perspective.
It does not look to define policy; rather, its aims
are to shed light on the issues as they exist in the
current debate, highlight areas of contention, and
suggest avenues for further investigation. The
product of this deliberative process was created
with the hope that it will stimulate informed
dialogue among different stakeholders, and feed
usefully into future processes, involving WHO and
other entities, to develop policy guidance that is
based on a balanced account of the issues, arguments
and evidence.

1.2 Key issues

The main issues we will consider in our discussion
are the following:

� the special ethical, legal, research and
medical challenges raised by DNA pat-
ents, with particular reference to genomic
industries;

� the response of different countries, legis-
lative and otherwise, to the question of
DNA patents, and the consequences of
these actions for access to genetic diag-
nostics;

� the flexibilities in international frame-
works, particularly the Agreement on the
Trade Related Aspects of Intellectual Prop-
erty Rights (TRIPS),  for national policy-
making relating to DNA patents; and

Box 1
DNA and genes

DNADNADNADNADNA, or deoxyribonucleic acid, is the bio-
chemical substance that makes up genetic
material. It is a double-stranded molecule
comprising two linear chains made from four
bases (A, C, G and T), together forming a dou-
ble helix.

Genes Genes Genes Genes Genes are ordered sequences of nucleotides
located in a particular position on a particular
chromosome that encode a specific functional
product, like a protein.
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affected by variations in a single gene inherited
from one or both parents. These kinds of disorders
are mostly incurable, usually severe, and though
relatively rare, taken together affect millions of
people globally. It is these kinds of disorders which
are truly “genetic disorders”, and several devel-
oping countries are characterized by a high inci-
dence of these. According to the Genomics and
World Health report: “By far the commonest mo-
nogenic diseases are those involving human hae-
moglobin, the thalassemias, and sickle cell disease
and its variants, conditions that have a particularly
high frequency in sub-Saharan Africa, the Medi-
terranean region, the Middle East, the India sub-
continent and throughout southeast Asia” (WHO,
2002).

Having children with a genetic disorder has a par-
ticularly high cost in developing nations because
parents can rarely rely upon subsidized health care
or insurance to pay for often expensive therapies.

Haemoglobinopathies, of which β- and α -
thalassaemias are the commonest forms, are the
most prevalent genetic disorders affecting humans
(WHO, 1996; Clegg and Weatherall, 1999).4

Treatment for thalassaemia requires children to
undergo monthly blood transfusions that in turn
may cause an iron overload that could bring about
death in adolescence or in early adulthood. Iron-
chelation therapy with deferoxamine to correct
the problem of excess iron is very expensive, and

Figure 1
Detection rate of cystic fibrosis-causing CFTR mutations

Source: The molecular genetic epidemiology of cystic fibrosis (WHO/HGN/CF/WG/04.02)

The detection rate of cystic fibrosis (CF)-causing CFTR mutations, i.e. the proportion of CFTR (CF transmembrane conductance regulator) alleles derived from CF
patients on which a mutation can be identified, are given for the different countries of the world. This detection rate for each country from CF patients on which a mutation

can be identified is the maximum detection obtained so far, irrespective of the sensitivity of the screening assays used. A colour code is used for different detection
rates. The countries marked with a dappled screen, represent studies in which less than 100 CFTR genes were studied. They might therefore be less representative. For

the regions coloured white no data are available.
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is therefore out of reach for many poor people, like
those living in Pakistan, where 5% of the healthy
population carry the gene for β-thalassaemia. Some
estimates put the rate of birth of affected infants at
1.3 per 1000 live births, which means about 5250
Pakistani infants are born each year with β-
thalassaemia major (Ahmed et al., 2002).

Simple, inexpensive tests exist for carrier screening
of this disease (WHO, 1994; WHO, 2002). (See
Box 2.) Genetic testing of the fetus to diagnose the
condition, or of the woman and her partner to
determine their carrier status before conception,
can provide critical information to inform choices
about a condition that may have a dramatic impact
on affected lives.  Forms of prenatal diagnosis have
been implemented, at some level, in Nigeria,
Pakistan, Cuba and India (Verma et al., 2003).
Prenatal diagnosis using the rapid and inexpensive
polymerase chain reaction (PCR) to amplify DNA
has been found to be useful in the diagnosis of sickle
cell anaemia, a very serious condition associated

Box 2
What are DNA genetic tests and what can they tell us?

DNA genetic testing involves the analysis of DNA in order to determine the presence of a gene associated with a
particular disease. In general, there are four kinds of genetic tests:

Carrier testing Carrier testing Carrier testing Carrier testing Carrier testing determines if the person tested, who does not himself have the disease, carries a gene for the disease.
If two carriers have a child together, there is a high probability that their offspring will have the disease.

Prenatal testing Prenatal testing Prenatal testing Prenatal testing Prenatal testing determines whether a foetus is affected with a genetic abnormality causing a particular condition.
Embryos may also be tested during in vitro fertilization before being surgically implanted into the womb; this is called
pre-implantation diagnosis. For technical reasons, the latter method is not widely practised.

Diagnostic testing Diagnostic testing Diagnostic testing Diagnostic testing Diagnostic testing determines whether the tested individual in fact has a particular genetic condition or a genetic
predisposition for acquiring the condition later in life.

Predictive testing Predictive testing Predictive testing Predictive testing Predictive testing determines the presence in asymptomatic individuals of an abnormal gene that will lead to a disease
in the future, or of a genetic predisposition for acquiring the condition later in life, in interaction with environmental
factors.

with a high level of mortality and morbidity. In
West Africa, nearly one in four people is a carrier
of the sickle cell gene (Adewole, 1999).

The efficacy of genetic approaches in the manage-
ment of genetic conditions has been demonstrated
in several Mediterranean countries that have im-
plemented public health programmes to curb the
devastating impact of thalassaemia in their
populations (WHO, 2000; WHO, 2002; Cao et
al., 2002). The enormous success of genetic screen-
ing programmes among the Ashkenazi Jewish
population in the United States for Tay-Sachs dis-
ease (Kaplan, 1998), whose incidence has plum-
meted by 90% since testing began in the 1970s
(Cohn, 2003), further testifies to the impact of a
well-designed preventative strategy that incorpo-
rates genetic approaches for genetic diseases.

Because of the life-long burden of many conditions
with a strong genetic component, early diagnosis
or identification of carrier status provides valuable
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information for making informed life choices—
deeply personal choices about marriage,
reproduction and lifestyle. Early testing for a range
of conditions can assist patients in anticipating
challenges, and in finding supportive structures and
guidance early on, which often leads to improved
health outcomes. Genetic tests may be particularly
empowering for women, who are the child bearers
and generally carry the primary responsibility of
raising children and caring for the sick. But to be
truly effective, it is essential that genetic testing be
accompanied by appropriate counselling and
support services that serve to inform patients, and
to protect them from discrimination. Educational
programmes are often valuable to improve
community awareness, and to reduce the stigma
sometimes attached to those identified as carriers
of a genetic disorder (WHO, 1998).

But what role can genetic tests play in diagnosing
much more common conditions, like diabetes and
cardiovascular disease? In the following section,
we will consider developments in genomics, and
how this has provided the basis for the more
elaborate study of genes and their interactions, and
thus for the creation of interventions for much more
complex human diseases.

1.3.2 The genome projects

Like Mendel’s pea experiments, the 1953 discov-
ery by Watson and Crick of the structure of the
DNA double helix was a landmark event in the
history of genetics, and in the history of the bio-
logical sciences. The event we will focus on here
took place more than three decades later when,
fuelled by advances in molecular biology and
informatics, the Human Genome Project was ini-
tiated as an international effort to sequence the
complete complement of human DNA. The Hu-
man Genome Organisation (HUGO) was the co-
ordinating body of this effort, and at the First In-
ternational Strategy Meeting on Human Genome
Sequencing in 1996, partners in this initiative ar-
ticulated their commitment to making their results
rapidly available, and to placing them in the pub-
lic domain. In March 2000, British Prime Minister
Tony Blair and then-President of the United States

Bill Clinton issued a joint statement, affirming that:
“To realize the full promise of this research, raw
fundamental data on the human genome including
the human DNA sequence and its variations,
should be made freely available to scientists eve-
rywhere” (Lewis, 2000). They did not, however,
rule out the patenting of DNA, later adding, “In-
tellectual property protection for gene-based in-
ventions will also play an important role in stimu-
lating the development of important new health
care products”.

Shortly after the start of the Human Genome
Project (HGP), former president of the not-for-
profit Institute for Genomic Research (TIGR)
Craig Venter headed up a parallel initiative in the
private sector, as leader of a new subsidiary of
Applera Corporation, Celera Genomics. In 2001,
the private and public sector projects announced
simultaneously in different journals their respective
completion of the draft sequence of the human
genome (Venter et al., 2001; International Human
Genome Mapping Consortium, 2001). Although
the aims of the two projects intersected in a
common desire to sequence the human genome,
their final goals were different: the Human Genome
Project sought to establish a scientific standard,
namely the complete reference genome, while
Celera Genomics sought primarily to sequence
commercially valuable sections of the genome. The
latter effort used the whole-genome shotgun
sequencing method to generate short fragments that
were pieced together using data from the public
initiative.

The Human Genome Project, led by scientists
around the world, was therefore the main driver of
advances in genomics, an approach to the large-
scale sequencing and analysis of DNA that con-
tinues to have an enormous impact on how bio-
medical research is done in laboratories around
the world. Indeed, the Human Genome Project
gave rise to many projects to sequence the genomes
of a great many organisms, from useful laboratory
animals to deadly disease-causing agents. The
sequencing of the mouse (Waterston et al., 2002),
rat (Gibbs et al., 2004), yeast, C. elegans (Wilson,
1999) and numerous pathogen genomes
(Fleischmann et al., 1995; Read et al., 2000; Hall et
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al., 2002), have provided vast numbers of potential
new targets for drug and vaccine development, and
identified genes implicated in common disease.
While genetic tests have been available for some
time for a variety of single gene diseases (WHO,
1996),5  genomics has led to the creation of tests for
“non-Mendelian” disorders, like various cancers,
which affect a much larger proportion of people
worldwide.  Marrying genomics and computation
has led to sophisticated microarray technologies
for the diagnosis of complex disorders, which are
the result of multi-gene interactions. For instance,
progress has been made in genetic testing for some
conditions, including familial hypercholesterolae-
mia, a condition that affects about 10 million peo-
ple worldwide, and leads to a more than 50% risk
of coronary heart disease by age 50 years in men
and at least 30% in women aged 60 years (Marks
et al., 2003; WHO, 1999). The study of rare but
strongly genetic forms of a common disease (such
as familial hypercholesterolaemia as a cause of
atherosclerosis) not only provides clues about the
genetic disorder, but also provides important

insights into the causal pathways leading to the
more common disease (Brown & Goldstein, 1976).

So what, exactly, is the difference between genetics
and genomics? As we have seen, medical genetics
traditionally concerns itself with inherited single-
gene (Mendelian) disorders, applying genetic tests,
accompanied by non-directive counselling, to help
patients in high-risk groups make decisions based
on their genetic profile. What genomics brings is
an approach to the large-scale study of many genes
that permits sophisticated analysis of genes and
their interactions. This means that genomics has
applications far beyond simply genetic disorders;
it can lead to greater understanding of the function
of genes in more complex, multifactorial diseases
and thereby to better therapies targeted more
precisely at the root cause of disease.

Genomic medicine introduces a new dimension to
health care—one that will rely more, rather than
less, on genetic tests to determine susceptibility to
various conditions and patients’ likely responses

Box 3
Genomic medicine in Mexico

In 2004, the Mexican Institute for Genomic Medicine (INMEGEN) was launched. The genomic medicine programme is
part of a strategy to improve the health of Mexicans through the development of cost-effective interventions for the
prevention, diagnosis and treatment of disease.

A number of chronic, infectious and degenerative diseases currently represent significant causes of mortality in
Mexico. In response to this need, the Ministry of Health (SSA), the National Autonomous University of Mexico
(UNAM), the Mexican Health Foundation (FUNSALUD) and the National Council of Science and Technology jointly
established a plan for the creation of INMEGEN. The Institute, which may ultimately be part of the Mexican National
Institutes of Health (M-NIH), consists of an intramural research programme, including on-site laboratories and an in-
patient clinical centre, and an extramural programme of collaborative research projects in Mexico and abroad.

In its current state, the Consortium for INMEGEN has already formed partnerships with three institutes in the M-NIH,
and has sponsored over 40 lectures and developed three graduate-level courses on genomic medicine. In the first five
years following its launch, INMEGEN will cost an estimated US$ 190 million, or 0.82% of Mexico’s annual federal
health care budget.

Sources: Jimenez-Sanchez (2003), Science
             Pharmaceutical Executive (2005)
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to some medications (Service, 2003). Genomics
will arguably, therefore, make genetic tests more
rather than less important as molecular tools
become relevant to both diagnosis and prognosis
of a much broader range of human diseases
(Khoury, 2003; Guttmacher and Collins, 2002).
Mexico presents an example of a developing
country that has made a strategic decision to invest
in genomic medicine. It would be valuable to assess
which factors formed the basis for this decision,
including the existing competence in traditional
genetics approaches. Mexico’s efforts over the next
few years to realize this programme will provide a
useful case study of an initiative in a relatively
resource-poor setting to build endogenous research
capacity in genomics and to generate applications
relevant to the local health context.

There continues to be great optimism about the
value of genomics for creating practical solutions
to health problems. But despite the extraordinarily
intense effort to produce a reference sequence
rapidly, the resulting information cannot be
immediately translated into clinical benefit.
Sequencing of the human genome, while a
remarkable technical achievement, was relatively
straightforward when compared to the work
needed to analyse the growing amount of raw data
now available; this requires a level of analysis that
is not easily automated. The complexity of disease
causation, which involves gene–gene as well as
gene–environment interactions, is particularly
challenging for the study of most common human
afflictions. Identifying relationships between
genetic characteristics and clinically relevant
features has proven extremely difficult.

So, while genomics has unquestionably generated
an enormous volume of data in barely more than a
decade, scientists are still in the very early stages
of understanding how to transform this data into
useful health applications. Nevertheless, genomics
has already contributed important insights into the
molecular mechanisms behind a range of
conditions (Wickelgren, 2004), and provided new
ways of approaching old problems, such as the
control of disease vectors like mosquitoes (Brower,
2001) and vaccine development (Verma and
Sharma, 2003). It is widely believed that it is only

a matter of time before the promise of genomics is
realized and these approaches begin to yield results
(WHO, 2002). But this optimism should be
tempered by the likelihood that the awaited harvest
will be many years off, and the fact that there remain
considerable technical and ethical challenges to
surmount—including assuring the equitable
distribution of its benefits.

1.4 Genetics and health in the
developing world

We have seen what genetics offers to people with
Mendelian disorders, and the potential that
genomics has to offer those who suffer from more
common human afflictions. But what does all of
this mean for developing countries, where surely
the issue is more one of the basic provision of health
services rather than of access to sophisticated
technologies?

The major argument of the Genomics and World
Health Report is that genetics, and even genomics,
should not be considered luxuries beyond the reach

Box 4
Characteristics of the ideal
diagnostic test—ASSURED

AAAAAffordable by those at risk of infection

SSSSSensitive (few false-negatives)

SSSSSpecific (few false-positives)

UUUUUser-friendly (simple to perform and requiring minimal
training)

RRRRRapid (to enable treatment at first visit) and Robust (does
not required refrigerated storage)

EEEEEquipment-free

DDDDDelivered to those who need it

Source: Mabey et al., 2004
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of developing countries. Rather they are tools that
present opportunities for addressing the specific
needs of the poor, either through technology
transfer or through the development of endogenous
capacity. For example, besides the value of genetic
tests in providing services of immediate public
health benefit, the report claims that genetics has a
second advantage: it lays a foundation for the
development of skills and expertise in DNA-based
techniques like genomics, opening the door to a
powerful research platform with potentially wide
applicability in the health sphere and beyond.

Although we have considered thus far genetic
diagnostic tests for heritable conditions and other
noncommunicable diseases, genetic tests can also
be a useful tool for the diagnosis of infectious
diseases. At present, for most infectious diseases,
laboratory-based tests with reasonable sensitivities
and specificities exist, but they are not available in
peripheral health centres, which serve most of the
population. Most existing tests depend on the
availability of well-trained and supervised
professionals, are time consuming and expensive,
and rely on a constant supply of reagents and
electricity. Nucleic-acid amplification technology,
like the polymerase chain reaction (PCR), which
can detect tiny amounts of DNA or RNA in a
sample, have excellent sensitivity and specificity.
This allows the use of non-invasive specimens, such
as urine, for the diagnosis of some infections.
Though successes have been achieved in the use of
modified, simple versions of these assays, they are
generally expensive and require technical expertise
and equipment (Mabey et al., 2004).

Genetic tests today apply primarily to well-stud-
ied heritable conditions like those discussed above.
But genomics provides an opportunity to create
applications for much broader use. Because of their
cost and simplicity, the use of DNA-based tests is
likely to grow, and to prove directly applicable to
developing countries, and to their health systems.
The urgency of developing genetic tests for inher-
ited disorders is appropriate in those regions where
there is heavy burden of haemoglobinopathies or
other conditions amenable to existing genetic tests.
But the effort to develop technologies that are cheap
and well-adapted for use in resource-poor settings

is one that has widespread utility. Achieving this
will require identifying those applications that are
relevant—whether PCR tests to diagnose Chagas
disease, or microarrays to identify aberrant cell
activity—and adapting them to local settings.
Promising areas of research could even include
military-driven efforts to develop ways of easily
detecting biological warfare and infectious agents
redirected for use in developing countries. How to
bring these applications to the poor is a challenge;
it is more a matter of the economics and politics of
health research than any innate quality of science
that makes it remote to global health challenges.
Finding the right political and economic levers to
turn advances in genomics into benefits for devel-
oping countries requires an open appraisal of in-
centives and barriers to research, including pat-
ents and other forms of intellectual property.

Genomics is in its formative stages; a great deal of
information has been gathered, and the challenge
is now to translate it into useful applications.
Developing countries could benefit scientifically,
economically and in terms of health outcomes,
from being part of this foundational, dynamic and
often collaborative research. There are examples
of developing countries (see Box 3, and section
1.3) that have made the decision to invest in
building capacity in genomics; it would be
worthwhile to monitor their progress. Competency
in genetics may, indeed, play a part in some cases
in fostering this capacity; in any event, although
genetics and genomics have both qualitative and
quantitative differences (Khoury, 2003), they both
rely fundamentally on the study and analysis of
genes and their functions. Factors, including
patents, that facilitate or hinder access to genetic
sequences are likely to have an impact on
developments in these two emergent fields.

1.5 Patents

Patents are one of several forms of intellectual
property. This section will provide an overview of
the basic features of patents, the rationale for the
patent system, and the patenting of genetic
sequences. Some of the issues raised in this section
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will be taken up again in the analysis portion of
this report (see section 3).

1.5.1 What is a patent?

Patents were created as a way to provide financial
incentives for inventors to undertake research, by
allowing them to exclude competitors from
exploiting their invention for a specified period of
time. This period gives the inventor time to
commercialize her invention and recoup her
investment, as well as make a profit. The resulting
system is therefore justified as a means of
encouraging innovation, by rewarding inventors,
promoting public disclosure of inventions,
inducing investment in the development of
inventions, and providing the public with useful
new products. The patent system is one method of
addressing the problem of under-investment in
those areas of innovation where the initial costs of

research and development are high compared to
the costs of copying.

In order to be patentable, an invention must meet
the criteria of novelty, industrial applicability (or
utility, in the United States of America), and
demonstrate an inventive step (or non-obviousness,
in the United States, arguably a lower threshold
that is particularly important for sequence-based
patents). What is already known is called “prior
art”, and a patent is intended to reward an inventor
for an advance requiring a step that would not have
been obvious to someone technically competent
in the field.

The rights of a patent holder have been described
as a fence blocking off territory, within which other
parties are not allowed to tread without a licence.
Those who cross the fence without permission may
be found to have infringed the patent right of the

Mervyn Jacobson, co-founder and Executive Chairman of
the small Australian biotechnology firm Genetic Technolo-
gies (GTG), claims that he and his colleagues were the first
to realize the value of “junk” DNA, the 98.5% of human DNA
that does not code for genes.

The firm owns four broad patents on non-coding sequences,
stretches of “junk” DNA, which today are known to have
great value in helping researchers to identify and analyse
coding regions, and in mapping haplotypes associated with
common diseases like cancer and diabetes. GTG’s US pat-
ents expire between 2010 and 2016. The company has been
heavily criticized in some quarters for what is seen as the
aggressive enforcement of its patents, against other firms
as well against academic institutions.

Applera is among three US companies now facing an in-

fringement suit from GTG for its use of non-coding DNA for
a diagnostic test for cystic fibrosis. New Zealand’s Depart-
ment of Health has been advised to pay US$ 5.7 million in
licence fees.

Dr Jacobson argues that “a lot of academic organizations
are under pressure to generate revenue. Why should they be
exempt from the rules of the market?” His company, he
says, wishes to license its inventions widely for reason-
able fees. In fact, GTG used its broad patents to make a
deal with Myriad Genetics, negotiating the use of GTG’s
patented inventions in exchange for control over the licens-
ing of Myriad’s rights in Australia. Thanks to this agree-
ment, GTG exercises its prerogative to permit free access
to Myriad’s technology for service providers in Australia.

Source: Moukheiber (2003), Forbes.

Box 5
Australian firm patents “junk” DNA
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patent holder. The text of the patent includes patent
claims that define the subject matter of the
invention, as well as all the elements, features and
critical aspects of the invention, so that a person
trained in the relevant scientific discipline should
be able to replicate the invention. Claims define
the scope of the patent, or in other words, the size
of territory that fits within the protected barrier of
the fence.

The scope has important implications for how far
the patent reaches, as it were, to encompass
unforeseeable uses and applications of the patented
invention. It is sometimes in the patentee’s interest
to draft the claim in very broad language to garner
the broadest protection possible, though this
strategy may make the patent more vulnerable to
validity challenges. It is the role of the patent office
to assure that the language does not encompass
prior art, or more than what is warranted by the
description of the invention. Determining the
correct limits for the scope of patents for new
technologies comes about through a gradual
process of refinement by patent offices, and then
by the courts. Case law plays an important role in
defining the boundaries of the rights conferred by
patents.6

One important feature of patents is that they may
be granted on a product, a process, or a use: product
patents to cover, for example, chemicals,
formulations, equipment and diagnostic kits;
process patents to cover a method for creating a
product; and use patents to cover a specified use of
a product. An invention covered by a product patent
cannot be reproduced without a licence, even if a
different method is used to make it. A process
patent, on the other hand, does not hinder someone
else from making the product without a licence, if
a different process is used. What this means,
however, is that a patent on a gene within an
organism (like a plant or even a mouse, for instance)
can, in effect, confer rights to the organism itself
(such as in the case of the Harvard OncoMouse
referred to in section 3.1.1).

In general, patents can be claimed for inventions,
but not for “discoveries”.7  This dichotomy, which
turns out to be difficult to define precisely, typi-

cally amounts to a distinction between what exists
“in nature”, and what is the product of human la-
bour, or at a minimum, human intervention.
Patenting in biotechnology presents particular
challenges to this distinction, because the subject
matter in question consists of “natural” entities.
Today, the condition of existing “in nature” is un-
derstood narrowly in the patent law in many coun-
tries, meaning literally what exists in nature; that
is, what exists in its un-isolated form. But despite
the fact that patents have been granted in some
jurisdictions for many years, a great deal of debate
continues to surround the patentability of natu-
rally occurring substances that have been isolated
using laboratory-based approaches (Eisenberg,
2002b). This has been the basis of much of the con-
troversy surrounding the patentability of DNA and
DNA methods, as well as the status of DNA vec-
tors, cell lines, embryos, and genetically modified
organisms.

According to the United States Patent and Trade-
mark Office (USPTO), “a patent on a gene covers
the isolated and purified gene but does not cover
the gene as it occurs in nature” (USPTO, 2001).
According to this view, what distinguishes a DNA
sequence that exists naturally in a cell or organism
from a patentable DNA sequence is that the former
owes nothing of its existence to a human inventor,
while the latter would not exist without some form,
however minimal, of human intervention (Gold,
2003). The invention/discovery (or invented/natu-
ral) dichotomy is principally relevant to the nov-
elty standard of patentability. Once the isolation
of a gene sequence has been judged to meet this
standard, it still must have some distinguishable
utility and be shown to have demonstrated an in-
ventive step (or non-obviousness). How to accom-
modate biotechnology inventions in patent law is
still a hotly debated issue, and countries have not
responded uniformly in the laws they have enacted
regarding DNA sequences and other biological
entities (see section 2.4).

In general, DNA patents claim at least one of the
following four applications of DNA sequences:
diagnostic testing, research tools or methods, gene
therapy or methods, or the production of therapeutic
proteins to be used as medicines (Nuffield, 2002).8
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However, many patents cover more than one
category—or simply claim the gene, without
limitation as to its use. Various organizations,
including professional associations,9  have
articulated their positions on the patenting of human
DNA. HUGO issued a statement in 1995, and
later updates in 2000 and 2003, arguing against
patents on short sequences of DNA (e.g. expressed
sequence tags or ESTs, and single nucleotide
polymorphisms or SNPs), among other things, on
the grounds that they had unproven utility. In 1997,
the UNESCO General Assembly unanimously
adopted a Universal Declaration on the Human
Genome and Human Rights, which stresses the
importance of acknowledging human dignity, and
states that no part of the human being can be subject
to profit in its natural state. Because patent law
standardly acknowledges that the limits of patents
are entities found “in nature”, the UNESCO
Declaration does not in fact challenge the current
patenting of isolated sequences. In 2002,
UNESCO’s International Bioethics Committee
also took up the question of patents and the genome,
producing a report addressing a range of ethical
issues. This report proposed the adoption of an
international convention on ethics, intellectual
property and genomics, and a Code of Conduct as
options to address public interest considerations
related to TRIPS (Kirby, 2002).

1.5.2 A brief history of the patent
system

The intellectual property (IP) system has been
around for a long time. But its history has not been
uniform or without controversy, even in its early
days. In recent years, this history has been marked
by dramatic changes in the way that lawmakers
and courts view and interpret the system. In less
than a decade, subject matter covered by intellectual
property in several jurisdictions has expanded and
the length of time before work gets into the public
domain has lengthened. It is not only that
intellectual property has changed; society has also
changed, becoming increasingly “networked”.
This means that copying is easier, but it also means
that potential markets are considerably enlarged.
As one academic has noted: “IP is now implicated

in routine, creative, communicative, and just plain
consumptive acts that each of us perform everyday.
The reach of the rights has been expanded just at
the same moment that their practical effect has been
transformed” (Boyle, 2003). The growth of
genomics has paralleled—and is indeed an element
of—this expansion and strengthening of IP.

The patent system has been compared to a kind of
enclosure movement, not unlike the enclosure
movement of eighteenth century England, when
state-supported privatization conferred individual
property rights on what had formerly been land
with communal rights to its use. A major difference
with today’s movement is that its subject is “the
intangible commons of the mind”, rather than
agricultural land. The economic rationale for this
former movement was the need for incentives for
large-scale investment and to ensure the most
efficient use of resources—in other words, to guard
against the “tragedies of the commons”, namely
overuse and under-production (Hardin, 1968). The
equivalent economic argument today is that
intellectual property rights are needed to ensure
that there will be those prepared to invest the time,
creativity and capital needed to produce new and
needed products.  But the tragedies of the old
commons do not apply in the same way in the
context of IP. The “commons of the mind” is non-
rival, which means there is no threat of overuse:
unlike fisheries, my consumption of an idea does
not threaten your consumption. In fact, your
consumption may add value to the idea, rather than
subtract value. It is also non-excludable, like clean
air, which makes it hard to charge money for its
use.

Today, intellectual property rights have changed
from being the exception, protecting mostly
downstream industrial inventions and relatively
hard to infringe, to something that the courts often
defend vigorously, and where courts also tend to
favour property owners more than they did two
decades ago (Boyle, 2003).

The rapid increase in patenting in the last decade
or so is also indicative of a shift in how
organizations do research. According to a recent
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report by the Organisation for Economic Co-
operation and Development (OECD, 2004):

Not only have new types of inven-
tions—software, genetic, and business
methods—been deemed patentable by
some patent offices, but the ability of
patent holders to protect and enforce
their rights has also increased, leading
many to call the past two decades a pro-
patent policy era.

Of course, this is not the first time the patent system
has had to deal with new technologies. But research
in the twenty-first century is increasingly based on
markets and knowledge networks, rather than on
the isolated performance of individual firms.
Moreover, the biotechnology, pharmaceutical and
medical device markets are among the most patent-
sensitive markets in the entire economy, and at the
same time the most dependent on close ties to
academic science for development of new products
and services. These networks are more complex
and partnership-dependent, as well as more global.
Absorbing these changes has not been easy; indeed,
patent offices and courts have struggled to keep
pace, build institutional expertise, and evaluate
prior art to determine the right standards for the
breadth of granted patents in these rapidly evolving
sectors (Cornish, Llewelyn and Adcock, 2003).

Some have suggested that these changes present
fundamental challenges for the patent system itself:

The patent system is designed as a tool
to provide an incentive to technical
progress. The effectiveness with which
it can do this will depend on the fit
between the nature of the incentive and
the processes by which technological
development takes place. But whereas
the patent system has uniform criteria
to judge patent applications, the pattern
of technical progress may vary
significantly in different fields. The
patent system fits best a model of
progress where the patented product,
which can be developed for sale to

consumers, is the discrete outcome of a
linear research process. The safety razor
and the ballpoint pen are examples, and
new drugs also share some of these
characteristics. By contrast in many
industries, and particularly those that are
knowledge-based, the process of
innovation may be cumulative, and
iterative, drawing on a range of prior
inventions invented independently, and
feeding into further independent
research processes by others (IPR
Commission, 2002).

In the case of new technologies marked by a more
cumulative character, there are concerns that patent
protection may impede innovation, in particular
by limiting access to essential research tools and
methods. In these instances, “too broad a protection
on basic inventions can discourage follow-on
inventors if the holder of a patent for an essential
technology refuses access to others under
reasonable conditions. This concern has often been
raised for new technologies, most recently for
genetic inventions” (OECD, 2004). In 2003, in its
report on innovation, competition and patent
policy, the United States Federal Trade
Commission concluded that “in industries with
incremental innovation, questionable patents can
increase ‘defensive patenting’ and licensing
complications”, and moreover that “questionable
patents are a significant competitive concern and
can harm innovation”.

Genomics-based research is inherently of a
cumulative nature. As we will see in section 3.2,
the networked nature of genomic research means
that exclusive property rights intended to stimulate
innovation may, in some cases, in fact hinder it.
Developed countries are increasingly interested
in the debate about genetic patents. Their
experience may well be a harbinger for developing
countries with relatively advanced scientific
capacity, and could affect research in more
developed economies that could generate
interventions for the poor.
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A much-cited example is that of Myriad Genetics, and its
patenting and subsequent licensing of two genes (BRCA1
and BRCA2) that are implicated in breast and ovarian cancer
for women, and prostate cancer for men. Besides being the
subject of many research initiatives, testing for mutations
of these genes is important for genetic counselling, and
recommending preventative approaches to individuals with
a family history for cancer. This example has raised enor-
mous controversy around the world, particularly in those
countries in Europe and North America where patents have
been issued and exclusive licensing practices exercised.
Myriad’s researchers sequenced the two genes and, on the
basis of these discoveries, developed a sophisticated, highly
automated protocol for the diagnosis of the related condi-
tions, which costs US$ 2500. In countries where Myriad
holds patents, third parties cannot, without permission from
Myriad, perform research that might refine, improve or vali-
date the claimed genetic tests or identify new tests and
diagnostic approaches.

Myriad’s practice of requesting that all samples be sent to
its own laboratories for analysis indirectly allows the com-
pany to build an exclusive genetic database, which could
serve as a foundation for further research on the two genes
and related mutations (possibly to allow some licensing,
but data has to be shared). In this way, Myriad is achieving
the ability to store all new information about BRCA1 and
BRCA2 in its own laboratories, arguably extending its mo-
nopoly beyond  what was granted by existing patent laws.

In Europe, numerous institutions filed an opposition to the
European patents on the BRCA genes, and in Canada, some

provincial governments have protested by ignoring Myriad’s
patents and permitting the use of its patented inventions by
Canadian researchers and clinicians. However, European
researchers applauded in February 2004, when the European
Patent Office (EPO) granted a Europe-wide patent on BRCA2
to the charity Cancer Research UK, which published its
discovery of the gene in 1995. The charity has agreed to
waive fees for all public laboratories that apply to use the
gene for non-profit research and clinical use.

Myriad’s first patent was revoked entirely by the EPO in
2004, because it had filed its sequence with the USPTO in
a rough form; by the time the correct sequence was filed,
other scientists had already placed it in a public database,
making it invalid for patenting. Myriad has filed an appeal
against this decision. On 20 January 2005, the EPO ruled
that the scope of Myriad’s second patent should be dramati-
cally limited so that it covers only a single probe, rather
than any probe or nucleotide sequence that can recognize
the gene. A few days later, following a public hearing, the
EPO’s opposition division concluded that Myriad could
maintain its third patent on BRCA—but amended the patent
so that it related only to the gene probe of a defined compo-
sition, and no longer included claims for therapeutic and
diagnostic methods.

Sources:
Bosch (2004), Lancet
Lecrubier (2002), EMBO Reports
EPO, http://www.european-patent-office.org
Abbott (2005), Nature

Box 6
BRCA—The “Breast Cancer Gene”

1.5.3 Licensing patented inventions

Every inventor is faced with the decision of whether
or not to patent his invention (although in many
cases, the patent holder and the inventor are not
the same individual, because institutions will often
claim rights over their staff’s innovations). The
decision to patent gives the patent holder at least
two options as to how to exercise his rights. First,
the patent holder can use the invention herself or
himself and exclude all others from its manufacture,

use or sale. Alternatively, the patent holder can
grant others the right to use the invention under
agreed-upon terms through a licence, either
exclusive to one licensee or non-exclusively to
multiple licensees.10  Exclusive licences can include
exemptions, for example for humanitarian or
research use. In each of these cases, the patent holder
is able to obtain revenue—either through the sale
of his own goods and services or through royalties
obtained from licensees. This is the financial
incentive that undergirds patent law.
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Decisions as to whether and to whom to license an
invention involve selection, and possibly the
exclusion of some from the use of that invention.
While this system can promote innovation by
providing a return on investment to early
innovators, there is the risk that it could hinder
those conducting important research or providing
needed services downstream, and can inhibit
cumulative innovation. A patent holder’s decision
to license may impose constraints on research and
even on clinical practices; if a single protocol is
imposed on practitioners, it can obstruct further
research and validation of the inventor’s results.
Discretion is left to patent holders whose
prerogative it is to decide how to make use of the
invention. As we will discuss in section 2.3, there
are notable examples of researchers who decided
not to patent their innovations but instead chose to
make them freely available to third parties, and
examples of others who chose to patent, but whose
licensing programmes did not erect barriers to
access. However, there are also examples of
institutions whose patenting and licensing practices
have been questioned on the grounds that they may
operate against the wider public interest.

Box 6 (p. 13) describes the example of Myriad
Genetics, and the impact of its patents on two genes
implicated in familial breast cancer on access to
genetic services.

One should, however, be wary of conclusions
based on a limited number of case studies. The
Myriad case demonstrates, for example, what can
happen as a result of gene patenting, coupled with

restrictive licensing practices. It is also important
to realize that patent holders do not have unfettered
discretion.  Traditionally, provisions have been
included in patent law to safeguard against abuse
and anti-competitive behaviour. These include
instruments like compulsory licenses, which we
will discuss in section 2.1 below.

One question to consider is whether the current
structure of the patent system tends to encourage
behaviour among patent holders that militates
against the objective of promoting innovation for
publicly useful purposes. For example, the nature
of industry interactions may create pressure to use
patents as ‘anticompetitive weapons’ to extend
monopolies and block competitors. If this is so,
and such practices are widespread, it undermines
the raison d’être of the patent system by inhibiting
cumulative innovation.

The United States National Institutes of Health
(NIH), in March 2004 introduced draft guidelines
on the patenting and licensing of genetic inventions.
The guidelines have been criticized by some as
being based more on anecdote than evidence
(Surendran, 2004). In an effort to rectify this, the
NIH is sponsoring a number of projects assessing
the impact of university gene patents in order to
gather relevant facts (Malakoff, 2004). The
National Academies are, for example, conducting
a study on DNA and protein patents. Efforts of
this kind are valuable for elucidating current trends
in patenting behaviour, and are commendable for
their attempt to ground policy in empirical work.
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2
The current
landscape

2.1 Intellectual property
systems

A patent is valid only within a particular
jurisdiction. For instance, a patent granted by the
USPTO provides rights over a given invention
within the United States of America. Third parties
are excluded from making, using or selling the
invention within the borders of the United States
and its territories, including importing the
invention into the country.

An inventor can seek patent protection in multiple
jurisdictions through a single application. The
African Regional Industrial Property Office
(ARIPO), an organization of eastern and southern
African countries, is an example; a single
application can provide patent protection across
all 15 countries that belong to ARIPO, although
national offices still need to register patents in
accordance with national law. By contrast, in the
African Intellectual Property Organization
(OAPI), an organization of West African countries,
there is a truly regional patent. In Europe, an
applicant can apply to one or more national patent
offices, or can apply for a patent from the  EPO,
which is recognized in countries party to the
European Patent Convention. A national patent is
valid in that country; an EPO patent can be
recognized in multiple countries designated by the
inventor. Infringement actions, however, must be
litigated in national courts. The EPO is the
administrative body of the European Patent
Convention, which covers all European Union

(EU) Member States as well as some non-EU
countries. Since 1975, there has been discussion
about creating a single patent (the Community
Patent) for the whole of the EU.11  The Patent
Cooperation Treaty (PCT) permits inventors to
apply through the World Intellectual Property
Organization (WIPO) for patent protection in 123
countries, but patents are only actually granted at
the national level.

Globally, the EPO, USPTO, and Japanese Patent
Office (JPO) are the most influential actors in
international patent policy, and regularly meet in
trilateral discussions.12  WIPO plays a major role
in the administration of international agreements,
and the WTO has become a key institution as a
result of the 1995 Agreement on the Trade-Related
Aspects of Intellectual Property Rights, which
emerged from the Uruguay Round of trade
negotiations of 1994 that also established the World
Trade Organization.

Despite the creation of various international
frameworks, and the streamlining of patent
application processing across some jurisdictions,
patent legislation is nevertheless designed and
applied principally at the national level. It is
therefore important that each country weigh
domestic factors when constructing its patent
regime. However, national patent regulation is
heavily constrained by the requirements of TRIPS.
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Under TRIPS, WTO Members are obliged to
provide minimum standards of protection for a
wide range of intellectual property rights,
incorporating many of the provisions from existing
agreements administered by WIPO, like the Paris
Convention of 1883 and the Berne Convention of
1886. With regard to pharmaceutical patents
specifically, TRIPS requires that all nations (except
least developed countries) adopt the practice of
accepting pharmaceutical product claims as
patentable by 2005 at the latest. The WTO Doha
Declaration of 2001 reaffirmed that the TRIPS
Agreement “can and should be interpreted and
implemented in a manner supportive of WTO
Members’ rights to protect public health and, in
particular, to promote access to medicines for all”
(WTO, 2001; WT/MIN(01)/DEC/2).

However, the implementation of the Doha
Declaration was contentious, in particular
resolving the issue identified in paragraph 6 of the
Declaration. Article 31(f) of TRIPS states that
products made under compulsory licensing must
be “predominantly for the supply of the domestic
market”. A compulsory license is a government-
authorized use of a patented invention without the
patent holder’s consent, and is permissible under
Article 31 of TRIPS, provided that certain
conditions are met. In paragraph 6 of Doha, the
WTO recognizes that WTO Members with
insufficient or no manufacturing capacity in the
pharmaceutical sector could have difficulty making
effective use of the compulsory licence safeguard,
originally expressed in TRIPS and clarified in the
Doha Declaration (WTO, 2001; WT/MIN(01)/
DEC/2).

On 30 August 2003, after protracted negotiations,
member countries finally agreed “to allow any
member country to export pharmaceutical products
made under compulsory licences” (WTO, 2003;
WTO Press/350/Rev.1). Eligible developing
countries now have the option of importing generic
drugs produced under compulsory licences
overseas, which they would not be in a position to
produce domestically, in order to address local
public health challenges.16  All compulsory licences

would be required to comply with the agreed terms
and it was understood among the members that the
decision would be “used in good faith in order to
deal with public health problems and not for
industrial or commercial policy objectives”
(WTO, 2003; WTO Press/350/Rev.1).

The present reality is that many developing
countries lack not only sufficient scientific capacity
to manufacture patentable products but also the
necessary infrastructure and capacity to construct
and implement finely balanced patent systems
(Carroll, 1995). There is concern that they may be
obliged to institute “TRIPS plus” legislation
nationally (e.g. as a result of bilateral trade
agreements), which does not take advantage of the
flexibility and public health safeguards within
TRIPS (Musungu and Dutfield, 2003).14

2.2 TRIPS and DNA patents

In relation to DNA patents specifically, there is
contention as to whether TRIPS requires countries
to grant patents on DNA sequences. While the
TRIPS Agreement does not explicitly obligate its
members to declare DNA sequences to be
patentable inventions, Article 27(3) does not list
DNA or genes among the acceptable exceptions
from patentability. According to Article 27,
“patents shall be available for any inventions,
whether products or processes, in all fields of
technology, provided that they are new, involve an
inventive step and are capable of industrial
application”. However, it stipulates that:

3.    Members may also exclude from
patentability:

(a)    diagnostic, therapeutic and surgical
methods for the treatment of hu-
mans or animals;
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TRIPS, in section 30, states that members can provide
limited exceptions to the exclusive rights conferred by a
patent. Section 8 of TRIPS permits members to adopt meas-
ures necessary to protect public health and nutrition and to
promote the public interest in sectors of vital importance to
their socioeconomic and technological development.

Some countries have adopted research exceptions (also
called research exemptions) in their patent legislation, which
grant a limited right to researchers to experiment on a patented
invention. They may also enable researchers to undertake
studies to gain a fuller understanding of the invention itself
without having to pay royalties to the patentee. But there is
sometimes uncertainty about the scope of a project permitted
by a research exception clause, especially in the case of
research dealing with genetic material. In the United States
of America, a recent case (Madey v. Duke, 2002) has severely
limited the research exemption in the country’s universities.

Some developing countries have also integrated a research
exception clause into their patent legislation. For example,
the Brazilian Patent Law states that “experimental working
for scientific or technological research purposes” qualifies
as a research exception  (Brazil: Patent Law 9.279 of 1997).

In India, section 47(3) of the Patent Act of 1970 excludes
from the exclusive patent right “any machine or other article
in respect of which the patent is granted and any process in
respect of which the patent is granted may be made or used
by any person, for the purpose merely of experiment or
research including the imparting of instructions to pupils”.
Amendments to the India Law in 1999 and 2002 have re-
tained section 47(3) as crafted in 1970.

The Patent Law of the People’s Republic of China states in
section 62 that using the patent concerned solely for the
purposes of scientific research and experimentation is not
considered to be an infringement of the patent right.

A number of recent reports have expressed the need for
greater clarity regarding what is covered by research ex-
emptions, particularly in relation to clinical and preclinical
research (OECD, 2004; Nuffield, 2002). This environment
creates significant uncertainty for researchers who may
become hesitant to undertake projects where they need to
rely on ill-defined exemptions. Researchers may rightly
fear having to face patent infringement suits, which could
be very expensive.

Box 7
Research exemptions

(b) plants and animals other than mi-
cro-organisms, and essentially bio-
logical processes for the production
of plants or animals other than non-
biological and microbiological
processes. However, Members shall
provide for the protection of plant
varieties either by patents or by an
effective sui generis system or by
any combination thereof. The pro-
visions of this sub-paragraph shall
be reviewed four years after the date
of entry into force of the WTO
Agreement.

What is relevant for our purposes is that nowhere
in paragraph 27.3(b) is reference made to genes or
DNA. This means that countries are free to judge
for themselves whether the excludability of DNA
is inferred, and how strictly to apply the three
criteria of patentability. Brazil, for example, has
chosen not to permit the patenting of “the genome
or germ plasm of any natural living being, when
found in nature or isolated therefrom, and natural
biological processes” (Section 1, Article 10 IX of
Industrial Property Law No.9279/96). On the
other hand, Brazil will allow use of patents based
on gene sequences.
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By contrast, DNA patents have been permitted in
Europe and the United States of America for many
years. The European Parliament and Council
Directive on the Legal Protection of
Biotechnological Inventions 1998 or the EU
Biotechnology Directive (EC, 1998; 98/44/EC),
adopted after a 10-year debate in the Council and
European Parliament, requires that bio-
technological inventions that meet the criteria of
novelty, utility and non-obviousness be deemed
patentable, with few exceptions. However, most
EU Member States are still to implement the
Directive, because of widespread concern about
the implications of patenting biological substances.
In Article 5, the Directive states:

1. The human body, at the various
stages of its formation and devel-
opment, and the simple discovery
of one of its elements, including the
sequence or partial sequence of a
gene, cannot constitute patentable
inventions.

2. An element isolated from the hu-
man body or otherwise produced
by means of a technical process, in-
cluding the sequence or partial se-
quence of a gene, may constitute a
patentable invention, even if the
structure of that element is identi-
cal to that of a natural element.

3. The industrial application of a se-
quence or a partial sequence of a
gene must be disclosed in the pat-
ent application.

While some countries’ reluctance to implement
the Directive may, in principle, speak of hesitance
or opposition, it arguably has little consequence in
practice; the majority of patent applications go
through the EPO, which has incorporated the
Directive, and these patents may be validated by

national patent offices, even in those countries that
have not yet implemented the Directive.

This debate reflects a fundamental controversy
about whether DNA ought to be treated specially,
or the same as any other molecule. Many naturally
occurring chemicals, like erythropoietin, have been
patented by companies that have succeeded in
isolating them in the laboratory.15 In section 3.1
we will consider some of the concerns about the
eligibility of DNA as patentable subject matter.
As we saw above with Brazil, developing countries
have responded differently to the issue of how to
treat DNA, in the context of patent law. We will
explore some of these differences in section 2.4.

2.3 The genomics industry and
patenting

Genomic industries are those that employ
genomics approaches—namely, sequencing, high-
throughput screening, DNA microarrays, other
DNA methods, bioinformatics and data mining—
as an important part of their business model. Firms
in this category may be engaged in a range of
activities, from drug discovery and development,
through the creation of diagnostics to producing
research tools and methods. In this section, we will
identify the major actors in this field, both public
and private, and consider how DNA patents are
implicated in their activities.

2.3.1 Who is doing the work and where

When the Human Genome Project got under way
in the late 1980s, investment in genomics from the
private sector was very low. However, by 1993,
public and private funding of genomics in the
United States had reached nearly equivalent levels.
According to an international survey conducted in
2000, the private sector is now the predominant
source of funding for genomics, and the United
States accounts for the lion’s share of this
investment. Indeed, the six biggest players in
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genomics are United States firms (Cook-Deegan,
Chan and Johnson, 2000).

Like biotechnology, genomics is an approach,
rather than a specific field.  And like biotechnology,
genomics has infiltrated many fields that use its
large-scale, highly automated methods for the study
of DNA.  Firms engaged in genomics activities
include service firms that sequence or analyse
DNA for research laboratories; firms that carry
out genetic testing or forensics; firms that make
instruments; and firms that develop analytical
software used to analyse entire genomes, mine
DNA databases, or interpret data.  The top four
genomics firms in the United States, which include
Celera Genomics, have different business models,
and are therefore engaged in varying combinations
of the above activities (Cook-Deegan, Chan and
Johnson, 2000). Genomics firms like Myriad
Genetics and Quest Diagnostics, for instance, are
involved in developing genetic tests.  In general,
“diagnostics firms” invest considerable capital into
the development of highly systematized,
automated methods for the accurate diagnosis of
particular diseases.16

In contrast to companies that are centred on the
sequencing and analysis of genomic DNA, some
companies have complex business strategies that
require the large-scale sequencing of genes, as well
as the production of proteins whose medical value
must be assessed in order to develop new genomic
pharmaceutical products. Though their work is
“gene-based”, as it were, these companies are in
the business of creating not only diagnostics, but
also therapeutics. They may face, therefore, high
front-end costs of research and development
similar to those confronted by traditional
pharmaceutical firms.

In the pharmaceutical sector, innovation costs are
generally very high (DiMasi, Harsen and
Gatowski, 2003), and there may be on average 8 to
12 years between patenting a new product and
bringing it to market. Average costs are high
because only a small proportion of investigated
products gives rise to marketed drugs. In this
setting, patents are considered a critical factor in
providing incentives for research and development

(R&D), as well as protecting competitive
advantage. They are also prized by start-ups and
university spin-off companies in the biomedical
field, whose main asset for attracting venture capital
is protected intellectual property (OECD, 2004).

By contrast, in-house genetic tests can often be
developed with relatively little expense, using
existing and accessible methods from
biotechnology, once the relationship between the
gene and the disease has been established. These
laboratories are often proficient at producing low-
cost diagnostics based on published information,
and do not require the high front-end investment
in product development of commercial firms.
Consequently, examples exist of straightforward,
reliable methods for testing for genetic disorders
like sickle cell disease and cystic fibrosis. But while
these tests fill an immediate need, by providing
simple-to-use and inexpensive diagnostic tests for
locally relevant conditions, they vary widely in
terms of their protocols and safety testing, because
in-house tests are also generally subject to less
rigorous standards (Cox et al., 2003).

The link between diagnostics and therapeutics is
increasingly strong, which could mean that the
economics of diagnostics and therapeutics will
converge in the coming years. We discussed in
section 1.3 the advent of genomic medicine. This
employs genomic information to provide more
personalized care for patients, which is based on
evidence that some patients respond more poorly
to certain treatments. In December 2003, the
worldwide vice-president of genetics at
GlaxoSmithKline stated: “The vast majority of
drugs—more than 90 per cent—only work in 30
or 50 per cent of the people” (Connor, 2003). Some
companies are already exploiting such
pharmacogenetic indicators to develop genetic tests
to determine if patients will benefit from specific
drugs, or will have unusual toxic reactions to them
(Service, 2003). For now, this work is directed
towards only a few conditions, including some
forms of breast and colon cancer, and some drug
classes for pain control. As understanding of the
genetic basis for drug responses grows, genetic tests
may precede use of many therapies to increase the
likelihood of a positive outcome or to reduce side
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effects. This is particularly important for expensive
treatments, and when several possible therapies are
available, with varying costs and side-effects. The
2003 Nuffield Council on Bioethics report on
pharmacogenomics claims: “It is not clear that the
private sector will be motivated to pursue
pharmacogenetics research in relation to medicines
not covered by patent protection”.

The report further recommends that:

Efforts should be made to encourage
pharmacogenetics research on existing
medicines, where there is reason to be-
lieve that such research could signifi-
cantly improve efficacy or safety. Fund-
ing within the public sector and public–
private partnerships should be encour-
aged.

2.3.2 Trends in patenting

Entities from industrialized countries currently
hold 97% of all patents worldwide. More than 80%
of the patents granted in developing countries
belong to residents of industrialized countries,
usually multinational corporations from the most
advanced economies. 70% of global royalty and
licensing fee payments are made between parents
and affiliates of multinational corporations (UNDP,
1999). Developing countries do not represent a
significant percentage of patent applicants. It is
estimated that only 0.1% of the total number of
patents issued by the USPTO, including all
varieties of patents, were filed by sub-Saharan
African applicants (Ogbu, 2002).

The rise in patents in biotechnology has been
particularly dramatic, climbing by 15% per annum
from 1990 to 2000 at the UPTO and 10.5% per
annum at the EPO, compared with a 5% per annum
increase in overall patents (OECD, 2004), though
there has been a notable drop in the past three years
in the number of DNA patents granted. As of 2003,
more than 5000 applications for patents on human
genes had been filed with the USPTO and from

those applications more than 1500 patents were
granted (Kluge, 2003). Inventors from the United
States have filed more international patents on
DNA sequences than inventors anywhere else in
the world, and more than the combined total of
inventors in the European Union. Japanese and
British inventors are the next most prolific patentees
in this field (Rausch, 2002).

The public sector has played an important role in
the growth of patents for biotechnological
inventions. For example, public institutions in
Europe and the United States own 30% of all the
patents for DNA sequences filed between 1996
and 1999. And start-up companies have a higher
share of biotechnology patents than do large,
established pharmaceutical companies (OECD,
2004). In the United States, the Bayh-Dole Act of
1980 introduced incentives to universities
receiving federal funding to patent the products of
their research, in order to encourage technology
transfer, and the commercialization of inventions
into useful products. The result is that some
universities today own more DNA patents than
do large private firms (Cook-Deegan, Chan and
Johnson, 2000). There is ambiguity for those centres
that provide diagnostic testing services. To improve
existing techniques and test efficacy, research
requires that tests be used on patients, which
amounts to providing clinical services. While a
number of countries provide a research exemption
(see section 2.3.3) that permits the use of patented
subject matter for strictly research purposes, it is
not clear to what extent this exemption applies to
institutions whose research involves the use of
patient samples and thus overlaps with clinical
practice (Walsh, Arora and Cohen, 2003; Cornish,
Llewelyn and Adcock, 2003).

One of the difficulties in cases where university
laboratories are among the chief providers is that
universities are increasingly viewed as pursuing
commercial ends, being actively engaged in profit-
making activities and in widespread patenting and
licensing (Howard, 2004). Consequently, some
have judged it a double standard that universities
would be spared having to pay licensing fees for
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services provided, when they themselves are likely
holders of rent-earning patents. Although this is
not the case with all universities, their supposed
immunity because of their status as academic
centres may be in danger of disintegrating in the
face of increasingly profit-making agendas.

Traditionally, governments have had the role of
filling the gaps; of addressing market failure by
allocating funds to areas of research that draw lit-
tle funding from private sources. However, if those
institutions receiving public funding are increas-
ingly tied to the private sector and are licensing
their inventions exclusively to companies, public
money may be generating products that are not
readily accessible to the public (e.g. because of high
prices). Products may not be developed for needy
populations as these generally do not constitute
lucrative markets. Given that the effectivenes of
the patent system relies on market mechanisms,
this situation, at least in principle, presents a ten-
sion between the aims of government-funded re-
search and the incentives that underpin the patent
system; and the further challenge is that publicly
funded research does not always find its way into
the public domain. However, licensing practices
and policies may in future play an important role
in leaving open avenues of research relevant to
developing countries. For example, research-use
exemptions or humanitarian-use exemptions,
which protect from litigation research in areas of
primarily humanitarian rather than commercial
interest (such as adapted tools for use in low-re-
source settings) are being explored by several
groups. The idea behind such work is to develop
ways of changing norms around licensing, so that
innovation in areas outside of market interest is
not impeded.

Developing countries stand to gain from taking
advantage of the flexibility within TRIPS that
allows members to protect researchers from
infringing patents used in research. Such clauses
can encourage research activity, and foster the
development of scientific capacity. However, they
should be careful to avoid ambiguity in defining
the scope of the research exemption, because a lack
of clarity may chill research. In the face of
uncertainty, researchers are reluctant to risk patent

infringement and possible litigation. It is therefore
particularly important to clarify how the research
exemption applies to preclinical and clinical
research that has the dual aim of advancing
knowledge and producing or providing goods and
services.

2.3.3 Opportunities and challenges for
developing countries

In most cases, companies do not bother to take out
patents on DNA sequences in developing countries,
because the market in those countries is not
lucrative enough to warrant protecting. What is at
stake is the development of cheap technologies
suitable for use in the developing world, given the
current make-up and emphasis of the genomics
industry. Endogenous research within most
developing countries may not be hindered by
patents; however, research may be hindered in those
countries with adequate technological capacity and
research capital to generate the products of
relevance to their poorer neighbours. These
countries include the United States, where, as we
have seen, the bulk of genomics-related research is
taking place. They could also include Brazil and
India, developing countries with well-advanced
science and health technology sectors, which are
well placed to generate appropriate health-related
products to address local and more global needs.

An interesting place where advances are being
made in genomics is in bioterror-related research.
As genomics provides tools for studying pathogens
and developing ways of diagnosing them quickly
and simply, it can do the same for “bioterror” agents
and therefore holds great interest for some defence
programmes. Platform technologies used for
bioterror research can be relatively easily adapted
to create applications relevant to developing
countries. Some academic researchers interested
in creating such tools have capitalized on grants
for biodefence research to create technologies for
the diagnosis and monitoring of infectious diseases,
like HIV/AIDS.

Much of the promise in genomics and
biotechnology for developing countries depends
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on using platform tools and technologies, modified
for use in poorer settings. The work of Dr Eva
Harris is a well known example of technology
transfer of biotechnology tools to low-resource
settings, primarily in Latin America. She is free to
teach local laboratory technicians and health care
workers how to create low-cost alternatives to
technologies used in her own laboratory at the
University of California at Berkeley, because
patents on the technologies do not tend to exist in
those countries. Whether she would have the same
liberty to work in poor countries with more well-
developed biotechnology sectors where patents on
genetics tools may be more likely, is less clear. Dr
Harris must carry out most of her teaching on-site
because she risks patent infringement doing the
same work at home. Likewise, work in universities
using platform technologies can be modified for
use in developing countries. A research technology,
developed through a collaboration between the
Sustainable Sciences Institute (SSI) and the
University of California at Berkeley’s Department
of Electrical Engineering and its School of Public
Health, has generated a low-cost point-of-care tool
for diagnosing dengue fever. According to its
creators:

The ImmunoSensor is a platform tech-
nology, thus it can be adapted for virtu-
ally any disease that is currently diag-
nosed by an immunological assay. The
prototype application of the
ImmunoSensor is diagnosis of dengue,
the most prevalent mosquito-borne vi-
ral illness, with 100 million cases of den-
gue fever annually worldwide. SSI is
coordinating field trials for dengue di-
agnosis using the ImmunoSensor in
Nicaragua, Ecuador and Sri Lanka. In
addition, efforts are being spearheaded
to adapt this technology for HIV diag-
nosis. 17

SSI is presently negotiating rights to
ImmunoSensor technology from the University
for use in developing countries, and will develop a

business strategy so that disease-endemic regions
can use and market the product to serve their own
needs. The underlying IP of platform technologies
could be safeguarded for applications such as this.

As for pharmacogenetic approaches for
personalized treatment, it will likely be an
important part of the way medicine is practised in
the future. There are a few examples today of its
successful use, though there remain big questions
about when, and if, it will come into widespread
use. What is important to remark is that
pharmacogenetics presents a further example
indicating that as medicine continues to evolve, it
is likely that the importance of genetic tests will
grow, and their usefulness expand considerably
beyond tests for genetic disease. Competency in
the development and delivery of genetic tests could
therefore provide a foundation for continuing
benefit from medical advances based on genomics.
However, ensuring that personalized medicine will
be an affordable option in general, and for
developing countries in particular, presents a major
future challenge. Moreover, the application of
pharmacogenomics in developing countries is
likely to be quite different from in Europe and
Japan, for instance. The disease burden in poorer
countries is not identical—for example, infectious
disease is still a major problem—and health
systems require adapted methods. The direction of
genomic research today is the direction that current
incentives encourage—and is one that does not
show any signs today of targeting the needs of those
outside of wealthy markets. We will consider in
later sections in more detail the role of patents in
guiding the shape of today’s research landscape.

2.3.4 Availability of genomic data

The availability of fundamental genetic data is not
solely dependent on public funding. For example,
the SNP Consortium was a collaborative venture
among 10 private sector companies and the
Wellcome Trust. It was “founded on the premise
that genetic information related to SNPs is
accelerated when research findings are freely
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available to all researchers and companies”
(http://snp.cshl.org). The Consortium was a not-
for-profit group working to compile a database of
mapped SNP, whose contents are freely available
through free public databases. SNPs are common
DNA sequence variations among individuals,
which scientists hope will improve their ability to
understand and treat human disease. According to
the Ontario Ministry of Health and Long-Term
Care (2002), this project “treats SNP information
(non-patented) as primarily an informational input
freely available, and yet, still providing a vital
contribution to downstream product develop-
ment”.

One commentator has argued that large companies,
in fact, see it as being in their interest to free up raw
data:

Although it may seem extraordinary for
firms that usually sing the praises of the
patent system to collaborate in a con-
certed effort to put new discoveries in
the public domain, it makes perfect sense
from the perspective of the pharmaceu-
tical industry. The patents that matter to
pharmaceutical firms are the drug pat-
ents that secure the revenues that fill the
pharmaceutical feeding trough. Patents
on the many prior discoveries that fa-
cilitate drug development look like si-
phons, diverting those revenues to the
troughs of other firms (Eisenberg, 2001).

This suggests that big companies may not all be
opposed to liberating research tools from patent
protection.

Intellectual property rights covering databases
represent the second major way in which
proprietary rights may be exercised over DNA
sequences. In some countries, databases are
protected by copyright or sui generis database
rights, though in the United States, unlike in the
EU and elsewhere, they are protected mainly by
contract law—agreements signed by users to gain
access to databases.

As previously noted in section 1.3, the Human
Genome Project exemplifies the fact that by no
means all genetic inventions are protected by patent
rights. In fact, the HGP has been used as an example
of precisely the kind of scientific effort that did not
require the incentives of patents to promote
innovation, and indeed actively discouraged
patenting on the pathway to producing the
reference sequence. The project, which was
entirely publicly funded, was characterized by both
openness with respect to the sharing of results, and
competition among laboratories.

The HapMap project, which aims to “determine
the common patterns of DNA sequence variation
in the human genome and to make this information
freely available to the public” (International
HapMap Consortium, 2003), has adopted a
different approach, applying the software model
of open-source access, which permits others to use
its products on condition that they too agree to
keep them in the public domain (Cukier, 2003).
While the HapMap project allows process patents,
it does not allow product patents on DNA
sequences. It is less open than the HGP, but aims to
protect the products generated from its work from
being used by private entities that could make
proprietary claims, limiting access to communal
resources.

Despite the SNP Consortium and other similar
examples, there were in the late 1990s a number of
firms that charged for access to databases of
genomic sequences. But lately the relative value of
private versus public databases has been called into
question by the announcement that Incyte Corp.,
the largest genomics firm in the United States, is
closing its headquarters and paring more than half
of its workforce. According to a brief in Science:

The gene discovery firm [Incyte] pio-
neered the notion of turning profits by
selling genetic data to drug discovery
firms and academics. The strategy
seemed promising for a while, and the
company’s stock bolted to the dizzying
high of $144 a share during the technol-
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ogy bubble days of 2000. But the com-
pany faced the stiffest competition pos-
sible: free genomic data supplied by
public gene-sequencing efforts financed
by governments around the globe….
Like other one-time genomics compa-
nies such as Celera and Myriad Genet-
ics, Incyte has refashioned itself as a drug
discovery firm (Service, 2004).

This suggests not only that efforts to generate
genomic data have been highly productive to date,
but that the resulting publicly available data is
generating arguably more useful follow-on research
by companies that have turned to drug discovery,
unable to sustain a business model based on
privately-owned data. While the race to sequence
the human genome was a fruitful and largely
efficient one, translating this wealth of knowledge
into applications has been much slower—though,
arguably, it has been facilitated by largely free
access to sequence data. Whether the lag in
generating useful products is due to the unavoidable
complexity of the work involved, reflects
fundamental flaws in the research and development
chain, or a combination of both, has yet to be
elucidated.

What is clear is that, thanks to the abundant success
of the HGP and other initiatives, there is a growing
repository of publicly available genomic data.
Researchers in developing countries can benefit
from access to these resources. Existing strategies
to develop indigenous capacity in bioinformatics
and data mining in low-resource settings, including
through international partnerships, should be
identified and assessed, and initiatives considered
to encourage these efforts.

The Human Genome Project was characterized
by competition, openness in the sharing of results,
and efficiency. The international HapMap project,
for its part, has adopted an open source approach
for providing access to genomic data, while
preventing third parties from making proprietary
claims that could restrict access. This approach,
while promising, has yet to prove itself; moreover,

while the HGP and HapMap models are arguably
effective ways for encouraging and sharing the
fruits of basic research, it remains very unclear
whether they provide the right kind of incentives
for the work required to translate this research into
applications. Large companies have shown their
willingness, in some instances, to engage in more
open science when it involves the generation of
raw data.

The open source model for genomics has been
advanced by several scholars. We will consider it,
and various other models, in section 3.2.2 below.

2.4 What some developing
countries are doing

There is great diversity among developing
countries, including wide diversity in scientific
capacity and infrastructure to support health
research and health delivery, as well as varying
patent systems. Although they are different in a
number of respects, Brazil, China and India are all
examples of developing countries with
comparatively well developed gene-based
industries. In this section, we will consider the
capacity of each of these countries to harness gene-
based approaches to address the needs of their
populations. We will also look at the patent systems
that have developed over time and helped to shape
their present circumstances.

2.4.1 Brazil

Genomics in  Brazil

The State of São Paulo Science Foundation or
FAPESP, was founded in 1962 in São Paulo, Brazil’s
richest and most populous state (37 million people).
In 1997, FAPESP, established the Organization
for Nucleotide Sequencing and Analysis (ONSA),
a virtual community including 35 laboratories
across the state (Economist, 2000), which was
charged with boosting Brazilian competence in
genomics. ONSA’s first project was to sequence
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X. fastidiosa, a bacterium that causes citrus
variegated chlorosis (CVC), which results in fruit
that are small, hard and of no commercial value.
CVC was first recorded in Brazil in 1987; it affects
all varieties of sweet orange (Simpson, 2000) and
has a significant economic impact, costing
Brazilian growers an estimated US$ 100 million
per year (Economist, 2000).

The successful sequencing of X. fastidiosa
provided FAPESP with both a team of skilled
sequencers who were then able to move on to
sequencing genes relating to human diseases, and
international recognition that has resulted in
external funding for human-related sequencing
projects. The X. fastidiosa genome was the first
complete sequence to come from outside the United
States, the United Kingdom or Japan and the first
ever sequencing of the complete genome of plant-
disease-causing organism (Yoon, 2000). FAPESP’s
approach was novel because it created a virtual
research community rather than investing in
building a physical genomics centre (Trafford,
2001). FAPESP’s statute prohibits it from
assembling its own corps of scientists. The institute
must, therefore, invest widely in existing centres
within the state rather than confining resources to
a small subset of the research population. This
results in the sharing of knowledge among a large
number of researchers and a sustainable investment
in the industry.

The virtual network strategy allowed ONSA to
maximize the value of the funding provided by
FAPESP, to overcome geographical isolation and
to nurture a critical mass of trained geneticists. The
success of the X. fastidiosa project catapulted Brazil
into the international spotlight. As a result ONSA
has developed international partnerships to fund
further sequencing projects that are expected to
make a significant contribution towards better
understanding of leading causes of ill health
globally. For example, ONSA is sequencing
human cancer-related genes in collaboration with
the Ludwig Institute in Switzerland (Rother, 2001),
which is paying half of the US$ 10 million cost of
the project (Economist, 2000).

In 2000 the Federal Government of Brazil decided
to expand São Paulo’s genome project to the
national level; it launched the Brazilian Genome
Project, which comprises a network of 25
sequencing laboratories. The growth and strength
of genomics industry in Brazil indicate the results
of these initiatives. For example, the number of
scientific publications from Brazilian researchers
increased 300% between 1987 and 2002, now
accounting for about 1.2% of global scientific
papers. Brazil is now an undisputed leader in plant
genomics (WHO, 2002).

Brazil’s patent law

In 1809 Brazil became the fourth country in the
world to enact a patent law. Brazil became a
founding member of the Paris Convention in 1882
(Barbosa, 2004). On 14 May 1996, Brazil
introduced Law No. 9.279 to Regulate Rights and
Obligations Relating to Industrial Property (Brazil
Law, 1996), which was intended to fulfil Brazil’s
obligations under TRIPS to enact minimum patent
standards (Barbosa, 2004).18

Brazil signed the Convention on Biological
Diversity (CBD) in 1992 and ratified it in 1994.
Brazil has been a vocal and active supporter of
benefit sharing in relation to the commercialization
of research based on natural products and of
introducing an internationally recognized
certificate of origin for genetic samples (GRAIN,
2002). After extensive negotiations at the Seventh
Meeting of the Conference of Parties to the
Convention on Biological Diversity in Kuala
Lumpur in February 2004, country representatives
agreed to include the certificate of origin as a topic
to be addressed in the guidelines to be prepared by
the next conference in Brazil in 2006 (Dalton,
2004). As we will see in section 3.1.2, CBD
specifically excludes human genetic resources.

In 2001, the United States filed a complaint with
the WTO arguing that Article 68 of Brazil’s patent
law No. 9.279 was in breach of Articles 27 and 28
of TRIPS. Article 68 allows Brazil to issue a
compulsory licence to a local producer if, after
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three years, the patent holder has not begun
manufacturing the product in Brazil. This measure
is designed to encourage technology transfer and
support a strong domestic generics industry, in
addition to strengthening the Brazilian
Government’s bargaining position in relation to
the cost of drugs (Oxfam, 2001) and, ultimately,
helping the Brazilian Government to ensure
affordable access to vital medicines (Cooper,
2001).19  Though the case involving drugs has
become the prototype for considering compulsory
licences, particularly in the context of developing
countries, it is important to recognize that
compulsory licences are not limited to use against
drug companies. For instance, in France, opponents
to restrictive licensing of genetic tests threatened
to opt for ex officio licences, permitted by French
law on grounds that practices are contrary to public
health (Lecrubier, 2002).

Gene patenting

According to a report prepared by the Brazilian
Group of the International Association for the
Protection of Intellectual Property (AIPPI), there
is ambiguity as to whether the Brazilian patent
law No. 9.279 excludes genes from patentability.
Both Article 18, item III, and Article 10, item IX,
suggest that genes should not be considered
patentable material. On the other hand, the law
does allow for the patenting of chemical products,
provided they fulfil the criteria of novelty,
inventive activity and industrial application. If
Brazil were to conclude that DNA is not merely a
large polymer, it could permit chemical product
patents while blocking patents on genes.20  At the
time of writing of the Brazilian Group’s report
there was no case law to resolve this issue of
interpretation.21  However, a number of
commentators have concluded that DNA is not
patentable under current Brazilian law—except for
certain specific uses.22

2.4.2 China

Genomics in China

China has adopted a policy of actively supporting
and encouraging biotechnology and genomics-
related industries. In 1998 the Ministry of Science
and Technology established both the Chinese
National Human Genome Centres (CHGC) in
Shanghai and Beijing to specialize in genome
sequencing and analysis (WHO, 2002). In 1999,
the Chinese Academy of Sciences established the
Beijing Genomics Institute (BGI). China was then
in a position to join the International Human
Genome Sequencing Consortium in 1999. China
not only played a significant role in the sequencing
itself, characterizing 1% of the human genome,
but was able to develop advanced bioinformatics
and supercomputing facilities to support further
genome-sequencing research. This research has
included sequencing the silkworm genome,
establishing the Super Hybrid Rice Genome
Project and collaboration with Danish scientists
to sequence the pig genome (Porcine Genome
Sequencing Project).23

BGI’s latest achievement was announced on
1 March 2004, when BGI reported the
construction of a chicken genome variation map,
based on DNA from three strains of chicken and
identifying two million SNPs. This work is part of
a larger project to sequence the chicken genome,
conducted by an international team and lead by
BGI.

China supports collaboration with foreign
researchers, but recognizes the need to protect
Chinese genetic resources from exploitation and
biopiracy (WHO, 2002). In 1998 the Ministry of
Health and the Ministry of Science and Technology
jointly established the Chinese Human Genetic
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Resources Management Office. It is responsible
for managing all matters dealing with Chinese
human genetic resources, including human gene
groups, blood, genes, organs, cells and other DNA
materials of human beings (Feng, 2003).

China is keen to ensure that some of the benefits of
international genetic research, based on Chinese
genetic samples, flow back to the Chinese
community. Yu Xiucheng, director of the Division
of Health Technology Management of the
Department of Sciences, Technology and
Education of the Ministry of Health has stated that
all cooperative international projects based in
China and working with Chinese human genetic
resources should follow the principles of equality,
mutual benefit and joint participation; and that the
achievements and patents must be owned and
shared by both the foreign and domestic researchers
(Feng, 2003).

China’s patent law

China first introduced a patent law in 1985, which
was subsequently revised in 1992. Further
amendments to bring the patent law in line with
international standards and TRIPS requirements
were passed at the 17

th
 Session of the Standing

Committee of the Ninth National People’s
Congress, and took effect on 1 July 2003.24  For
example, the amended law will, in accordance with
TRIPS, allow patent holders who believe their
rights are being infringed to ask the courts to
intervene.25

During the same period, as China prepared to join
the WTO, the overall number of patent applications
increased. By the end of July 2001, the State

Intellectual Property Office of China had accepted
99 550 patent applications from China and abroad,
a 24% increase from 2000.26

Gene patents

Chang Mao, an officer from the State Intellectual
Property Office, has stated that China does not
allow companies or research institutes to patent
life forms; however patenting genes is permissible
(Wang, 2001).

In 2001, Shanghai Joint Gene Technology Co. Ltd,
the largest gene technology company in China,
applied for more than 3700 gene patents, including
patents for genes dealing with cancer, obesity, high
blood pressure and senile dementia, which are
expected to be of high value for clinical diagnosis
and the development of new medicines. “Owning
intellectual property is one of our company’s
fundamental goals. If we had not owned intellectual
property, we would not have our own gene industry
after WTO accession”, said Qin Yilong, the
company’s vice-president in 2001.27

The concept of international patent families 28

provides a basis for comparing the research and
technological activity of different countries, in
terms of resulting products intended for
international use. A patent family consists of all
the patent documents associated with a single
invention that are published in one country. From
1980 to 1999, China, which had filed a total of 145
patent families in human DNA sequences, had only
filed 17 international patent families.29  The United
States, by comparison, had 5610 international
patent families (accounting for 72% of the total
world figure of 7810).30  Brazil had only 1
international patent family.
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2.4.3 India

Genomics in India

The growth in the biotechnology industry in India
is built upon its existing internationally recognized
information-technology industry, a large pool of
trained scientists and a dynamic generic pharma-
ceutical industry (BioSpectrum, 2003). In the in-
ternational market, India’s highly qualified, Eng-
lish speaking but comparatively low-cost
workforce offers a significant competitive advan-
tage (Thorold, 2001). The Indian Government has
invested substantially in building the industry. The
Department of Biotechnology (the Department)
was established by the Indian Government in 1986
and receives an annual budget of approximately
US$ 30 million (WHO, 2002).

The Department has established a programme in
Human Genetics and Genomic Analysis, which
includes projects in genetics diagnosis and
counselling, functional genomics, research into
human genome diversity, and biocomputing. There
are 16 Genetic Diagnosis and Counselling Units
throughout India, which have provided genetic
testing and counselling services for over 18 000
patients and families affected by genetic disorders
such as thalassaemia, sickle cell disease, Duchenne
muscular dystrophy(DMD), haemophilia, and
cystic fibrosis.31

In recognition of the connection between
information technology and biotechnology, the
Department initiated a bioinformatics programme
in 1986. This programme gave rise to the
Biotechnology Information System Network,
which operates throughout India, and has resulted
in the development of state of the art computational
and communication resources that are used to
support sophisticated bioinformatics research.
India now operates as a “major regional nodal point
for genomic-related databanks and networks”
(WHO, 2002). In addition, the Indian Government
recently approved a programme in molecular
genetics and genomics with an annual budget of
US$ 4 million, to be administered through the
Indian Council of Medical Research (WHO, 2002).
Furthermore, the Indian Ministry for Science and

Technology has invested in a number of centres of
excellence in the field with world-class
infrastructure and staff, such as the Plant Genomics
Centre, New Delhi, and the Centre for Human
Genetics, Bangalore.32

States like Andhra Pradesh, Karnataka,
Maharashtra, Kerala, Tamil Nadu and Himachal
Pradesh are developing biotech parks and biotech-
friendly policies, which include a number of
concessions for foreign industry partners.33  Two
highly successful biotech firms are Shanta Biotech
and Bharat Biotech. Shanta Biotech produces
India’s first genetically engineered vaccine called
Shanvac (BioSpectrum, 2003), which vaccinates
against hepatitis B. Shanvac retails for US$ 4 which
is less than half the price of similar vaccine sold by
multinational companies.

Patent law in India

India’s original Patent Act was passed into law in
1970 (Singh and Agarwal, 2003). TRIPS entered
into force in 1995. The Patent (First Amendment)
Act 1999 provides transitional patent protection,
as a step towards becoming fully TRIPS compliant,
by implementing Exclusive Marketing Rights
(EMRs). EMRs are particularly important in
relation to drugs and food, because India will not
allow product patents until 2005. EMRs provide
exclusive rights to sell one’s patented products,
whereas full product patents grant exclusive rights
to both manufacture and sell the products. The
EMRs protection period is five years.34  Under the
1999 Amendment, it is now possible to make an
application for product patents, including
substances intended for use or capable of being
used as a medicine or drug, but excluding the
intermediate for the preparation of drug. However,
because India has until 2005 before its patent
legislation must be fully TRIPS compliant, product
claims for medicines or drugs will not be processed
until the end of 2004.35

The Patent (Second Amendment) Act 2002 and
the Patent Rules 2003, which came into force on
20 May 2003, include provisions for extending the
patent term to 20 years and emergency provisions
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to protect public health. These amendments will
bring the Indian patent regime further in line with
TRIPS. Indian law used to provide a standard period
of 14 years protection (from the date of sealing)
and 5 years protection (again from the date of
sealing) for food and medicinal products. This has
been increased to a protection period of 20 years.

In order to protect indigenous knowledge, an
exemption for products based on Indian systems
of medicine has been granted. Section 3 of the
Patents Act explains that an invention that is in
fact traditional knowledge is not patentable. Nor
does the Indian patent system appear to allow
patents on genes or cells.36

2.5 Some early lessons for
developing countries

Each of three countries described above has
achieved a level of competence in gene-based
research and its applications. Though there are
diverse and complex economic, historical and
cultural factors at work, it may be useful to
highlight those features that are common to all
three countries:

� political commitment to building strong
national biotech industries, supported by
financial resources;

� a clearly defined project, highly relevant
to local needs around which to mobilize
efforts;

� an emphasis on building sustainable net-
works across the country;37

� capitalizing on international partnerships,
and timely entry into the industry; and

� vocal and active participation in interna-
tional negotiations on trade and benefit
sharing, and domestic structures and
policy created to protect indigenous re-
sources.

One area of divergence of particular relevance to
the present discussion is on the issue of DNA
patents; there is no common approach among the
three countries on how to address human DNA
within patent law.

It is not clear if, and how, the status of DNA as
reflected in the patent law of developing countries
has affected or may in the future affect the ability
of developing countries with relatively strong
research and technology bases to harness genetic
approaches to improve the health of their
populations. It also remains to be seen how these
issues will interact with the overall changes to their
patent systems as a result of TRIPS coming into
force in these countries in 2005.
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3.1 Ethical, legal and social
challenges to the patenting
of DNA

3.1.1 Ethical objections

Despite the fact that patent offices in the United
States and Europe have been granting patents on
DNA, there continues to be wide debate about the
acceptability of this practice, both on ethical and
legal grounds. In this section, we will sketch some
of the broad issues and concerns that have been
consistently raised in the course of this debate.

Commodification

Intellectual property is a system that confers
proprietary rights not on real objects, but on the
“intangible commons of the mind” (Boyle, 2003).
As we saw in section 1.5.2, the trend in some of the
most influential countries over the last two decades
has been toward a pro-patent policy, one that
favours patent owners and the expansion of what is
deemed patentable subject matter. Patents on
genetic sequences present a case that falls at the
intersection of two controversies: the patenting,
and thus the commodification, of biological
entities, and the patenting of raw data. Concerns

have been expressed about the commodification
of persons and their biological material.38  It has
been claimed that it is unacceptable for people to
have “proprietary rights in living beings and
tissues” (Gold, 2003), and that market logic now
holds sway over the use of living organisms (or
their component parts). The court case of Diamond
versus Chakrabarty of 1980 in the United States
confirmed the patentability of micro-organisms,
arguably catalysing the growth of patents in the
biotechnology sector. More recently Harvard
University’s successful patenting of the
OncoMouse demonstrated that in the United States
and Europe the courts judge that organisms are
likewise patentable subject matter. Notably, the
OncoMouse patent was narrowly rejected by the
Supreme Court of Canada, in a 5-4 ruling (Check,
2002; Scassa, 2003). And, as we saw in section 2.1,
there continues to be much dispute in Europe about
whether this is in contradiction to the EU Directive
of 1998 that requires patent protection for
biotechnological inventions. Besides the
objections to the patenting of DNA and other
biological entities, there are objections that patents
now permit the commodification of ideas. Both
objections are argued on two fronts: the first claims
that extending property rights to biological entities
or to ideas is wrong in itself; the second is
utilitarian, and judges that such practices are wrong
because they generate unacceptable consequences.

3
Analysis: impact of DNA patents
on access to genetic tests and
genomic science
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Policy debates often tend to focus on the latter types
of argument, because they circumvent difficult
discussions that often arise from varying world
views, religious or intellectual. However,
objections to the broader patent system and to
patenting of genetic sequences should not be
brushed aside; these questions do merit inclusion
in policy discourse. Often, decisions about changes
to the intellectual property system, which of late
have tended towards strengthening and extending
its reach, have been made on the basis of economic
arguments that have not been conclusively proven.
Given the lack of definitive economic justification
for the expansion of IP rights, it is particularly
important to take account of objections based on a
fundamental uneasiness with the system—which
in several cases have been expressed articulately
and soberly by critics. Though it is doubtless easier
said than done, this suggests that moves to expand
IP into new and controversial territory—
particularly in the absence of incontrovertible
economic arguments—should not proceed in the
absence of public dialogue.

The TRIPS Agreement leaves space for countries
to do precisely this. According to Article 27 of
TRIPS:

2. Members may exclude from
patentability inventions, the pre-
vention within their territory of the
commercial exploitation of which
is necessary to protect ordre public
or morality, including to protect
human, animal or plant life or health
or to avoid serious prejudice to the
environment, provided that such
exclusion is not made merely be-
cause the exploitation is prohibited
by their law.

Some countries have rejected the patentability of
land mines on these grounds (IPR Commission,
2002). But while the ordre public provision, in
theory, constitutes a “morality filter” of sorts for
determining patentable subject matter, and
therefore suggests a route to opponents for

protesting the patentability of DNA, in practice, it
has been invoked only in unusual and extreme cases
(Nicol and Nielsen, 2003).

 “Common heritage of mankind”

A further position, articulated in UNESCO’s
Declaration on the Human Genome and Human
Rights (AIRES/53/152), claims that the human
genome is the common heritage of humankind.
This implies that DNA has a special character,
beyond that of ordinary biological molecules.
Human DNA is common to all human beings
(DNA itself is common to all living things), past
and present, and is therefore in some sense
foundational, imbued with not only biological, but
also historical and even moral significance. On
the other hand, it has been argued that such a view
borders on “genetic essentialism” (Suter, 2001), a
kind of reductionism that grants exaggerated value
to the contribution of genetics to human behaviour,
identity and culture, minimizing the importance
of non-biological factors. UNESCO’s Declaration
was unanimously adopted by the UN Assembly in
1997, and has been widely cited. While the
Declaration affirms that “the human genome in its
natural state shall not give rise to financial gains”
(UNESCO, 1997), it does not explicitly preclude
financial gain obtained by the patenting of genes,
or of isolated genetic sequences. Despite
widespread controversy, it is noteworthy that, to
date, “the shared status of the genome at the
‘collective’ universal level has only been
specifically addressed by international and regional
policymaking bodies” (Knoppers, 1999). It is not
precisely clear what this claim amounts to, in
practice. More than likely the argument sets the
stage for one of the following assertions.

Public good

A public good is one that is non-rivalrous and
inappropriable. A classic example is air: my
breathing it does not stop you from breathing it,
and it would be very difficult for anyone to charge
money for its consumption. It has been argued that
DNA has this character (Devanand et al., 2003).
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Genomics is principally about knowl-
edge, which is commonly conceived to
be the archetypal public good. Genomics
knowledge is non-rivalrous in con-
sumption (not depleted by use), and is
usually made public by genomics
databases on the internet and journal
publication, as was the case with the
malaria and mosquito genome. It is a
global public good in the sense of the
knowledge not being bound by national
border, in discovery, transmission, or
use. Further, the global public-good na-
ture of genomics is reflected in the way
in which the Human Genome Project
was funded and undertaken
(Thorsteinsdóttir et al., 2003).

To call something a “public good” is not simply to
describe how it is; it is to make a normative claim
about what would be in the public’s interest. In the
case of air, it is a public good because its
appropriation would make everyone worse off. To
say that genomics, or more specifically genomic
data, is a public good is to say that people would be
better off if everyone had access to it.

But as we have seen, the generation of genomic
data requires a different set of institutional and
analytic tools than the translation of this data into
practical applications. The latter work looks more
like drug development and less like basic science,
and may therefore require the financial incentives
of the patent system to justify the investment of
time and capital. If this is true, then it could well be
the case that permitting some level of appropriation
would introduce more benefits to the public than
costs.

Some commentators have not argued so much
against property rights per se—rather they have
argued against the misappropriation of goods from
those who were their rightful owners. Often these
arguments are a background to further claims about
distributive justice, so that the benefits of research
reach back to those who were the “source” of the
raw material. In most cases, the source is a
community whose members share various genetic

traits in common, whose DNA is tapped for
scientific, clinical or commercial gain. In essence,
such arguments express a concern about the
distribution of benefits, and use the question of
ownership as a means of ensuring that those with
unequal power but desirable resources, and who
contribute in some way (whether intellectual or
biological) to research that generates useful results,
get their due.

3.1.2 Benefit sharing

 Some discussion of benefit sharing in relation to
genetic resources has taken place within the context
of the United Nations Convention on Biological
Diversity, adopted at the 1992 Earth Summit in
Rio de Janeiro. Among the Convention’s three
primary goals is the fair and equitable sharing of
the benefits from the use of genetic resources. In
2002, the Bonn Guidelines on Access and Benefit
Sharing were adopted under the CBD;

39
 however,

their application to human health is limited because,
as section C/9 of the guidelines lays out, the scope
of the guidelines is defined so as to explicitly
exclude human genetic resources.

The earliest discussions of human genomics and
fairness arose apart from deliberations in the UN,
and were in relation to families of patients with
debilitating genetic illnesses, such as Canavan
disease, who participated actively in fruitful
research ventures. Indigenous peoples’ rights, in
context of participating in human population
genetics as opposed to biodiversity, is an issue that
arose later, and was principally catalysed by the
Human Genome Project.  In 2000, the HUGO
Ethics Committee, in its statement on benefit
sharing, considered benefit sharing specifically in
the context of research involving the human
genome. The Statement recommends, among other
things, “that profit-making entities dedicate a
percentage (e.g. 1%–3%) of their annual net profit
to healthcare infrastructure and/or humanitarian
efforts”. In an editorial for Science published in
the same year, members of the HUGO Ethics
Committee offered three arguments to justify
benefit sharing (Berg et al., 2000):
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� 99.9% of the human genome is common
to all humans. This entails a responsibil-
ity, grounded on human solidarity, to share
in the benefits of research based on this
common good.

� There is a long legal history of viewing
global resources, such as the sea, air and
space, as common goods, to be equitably
available to all humans, and protected for
future generations. The human genome
can equally be regarded as a common her-
itage.

� Vast differences in power and wealth be-
tween those conducting human genetic
research and those providing genetic sam-
ples for such research, as well as the po-
tential for substantial profits, raise con-
cerns of exploitation. The HUGO Ethics
Committee sees benefit sharing as a way
to address these concerns.

It has been argued that the discovery of disease-
related genes is increasingly the result of fruitful
partnerships between researchers and those
afflicted with the condition (Merz et al., 2002). To
a growing extent, research participants not only
take part in studies; they are also integrally involved
with broader aspects of the research, including
identifying and obtaining samples from other
affected individuals, and even with securing
research funds. This was the case for the more than
150 families worldwide that participated in a
collaborative initiative with researchers at Miami
Children’s Hospital (MCH), which led to the 1993
discovery of the gene linked with Canavan disease.
Canavan disease is an inherited, fatal
neurodegenerative disease largely affecting
Ashkenazi Jewish people. In 2000, several of these
families as well as various patient associations sued
MCH, which had patented the gene without the
knowledge of the research participants, for what
they judged to be an unacceptably restrictive and
costly licensing strategy. Following the issuance
of the patent for the disease-related gene, one in
four laboratories in the United States stopped
offering a test for Canavan disease because of the
conditions that MCH attempted to impose on them

(Cahill, 2001; Brower, 2000). The Canavan
Foundation had at one time offered genetic testing
free of charge, but ended this practice after it was
advised that the patentee would require payment
of royalties to MCH, and compliance with specific
licence terms if it wished to continue offering the
test (Marshall, 2000). This case was settled out of
court, on terms that have not been made public.

Among the players involved in the development
of genetic tests—including patients and patient
organizations, universities, companies, and
government agencies—some “believe that [patients
and advocacy groups] are the best situated to
represent, protect and serve the interests of those
most affected” (Merz et al., 2002). Providing
compensation or property interests for those whose
samples are studied, or at the very least giving them
a say in how the patented invention should be used,
may be strategies for mitigating purely commercial
motives that could hinder access. In some cases,
this would mean going against the grain, and seeing
“sources” as more than just exploitable founts of
“raw” material, with legitimate interests in sharing
in the benefit of research in which they have made
a contribution, intellectually or materially.40

There are examples of companies that have
incorporated benefit sharing into their strategies,
most notably: the Canadian firm Newfound
Genomics, which donates 1% of its net profits to a
charitable trust for the general population (http://
www.newfound-genomics.com/); deCODE
Genetics, which was granted the exclusive use of a
centrally compiled population health database in
Iceland in exchange for paying all related expenses
incurred by the government for its building and
maintenance, in addition to an approximately
US$ 700 000 annual payment, and 6% of its gross
profit; and the University of Hawaii, whose
researchers discovered a gene mutation responsible
for a rare genetic disorder called pseudoxanthoma
elasticum (PXE), and subsequently filed for and
obtained the first patent in the United States with
one of the patients’ parents as co-inventor (Altonn,
2002; Marshall, 2004; Terry and Boyd, 2001).
According to Patrick Terry, chairman of the
advocacy group PXE International: “With the
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heavy stick of holding a patent on the gene, we can
accelerate the research process, control royalty and
licence fees and eliminate turf wars between
researchers” (Coghlan, 2001). This presents
another example of how patents can sometimes be
used strategically to secure access to proprietary
technologies.

The International Treaty on Plant Genetic
Resources for Food and Agriculture, which took
effect on 29 June 2004, could prove an important
precedent for benefit sharing in the context of
human genetics. This Treaty is the product of seven
years of negotiations among governments, farmers’
and consumer groups, research organizations and
companies. According to Article 13.2:

(ii) The Contracting Parties agree that
the standard Material Transfer
Agreement referred to in Article
12.4 shall include a requirement that
a recipient who commercializes a
product that is a plant genetic re-
source for food and agriculture and
that incorporates material accessed
from the Multilateral System, shall
pay to the mechanism referred to in
Article 19.3f, an equitable share of
the benefits arising from the com-
mercialization of that product, ex-
cept whenever such a product is
available without restriction to oth-
ers for further research and breed-
ing, in which case the recipient who
commercializes shall be encour-
aged to make such payment.

Furthermore, Article 12.3 states:

 (d) Recipients shall not claim any in-
tellectual property or other rights
that limit the facilitated access to
the plant genetic resources for food
and agriculture, or their genetic
parts or components, in the form
received from the Multilateral Sys-
tem (ftp://ext-ftp.fao.org/ag/cgrfa/
it/ITPGRe.pdf).

Although its subject matter is plant genetic
resources, the Treaty tries to address very similar
issues to those raised in the context of human
genetic resources. The Treaty does not attempt to
circumvent existing intellectual property laws, or
to confer intellectual property rights to sources;
rather it is an effort to generate a more equitable
distribution of benefits through explicit agreements
between parties.

Certificates of origin for (non-human) genetic
resources are also being discussed as tools for global
distributive justice. Certificates of origin disclose
the country of origin of genetic material and proof
of prior informed consent. Countries rich in
biodiversity and genetic resources like Brazil, the
Dominican Republic and Peru have insisted that
certificates of origin be legally enforced. A legal
requirement of informed consent procedures,
along the lines of the Bonn Guidelines, could help
ensure that developing countries benefit from
international genetic research by encouraging a
discussion about the distribution of expected
benefits with the test population prior to the
initiation of research. Such benefits, as suggested
in Appendix II of the Bonn Guidelines, could
include technology transfers, joint collaborations
or joint ownership of intellectual property rights,
and might contribute to building capacity in
genomic industries. However, the suggestion to
include certificates of origin as a legal requirement
for patent applications has been fiercely opposed
by patent offices in industrialized countries
(Dalton, 2004).

It remains contentious whether resolving the
question of benefit sharing requires making
changes to the patent system, or whether there may
be other methods of achieving greater equity
through policies and approaches outside of patent
law. Ultimately, most commentators arguing for
benefit sharing are not arguing against the
ownership of genetic knowledge, but against its
misappropriation and subsequent failure to fairly
compensate sources.
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Developing countries should consider establishing
policies that encourage entities involved in
commercial aspects of research to negotiate openly
with foundations and disease-associated advocacy
groups or local community leaders for equitable
benefit sharing. These countries should
contemplate creating standards to guide such
negotiation, in addition to carefully assessing
mechanisms for negotiating the distribution of
benefits resulting from international human genetic
research.

3.1.3 Legal issues

In addition to ethical and social concerns, a number
of commentators have argued that DNA, at least
in certain cases, does not meet the legal criteria of
patentability when applied strictly, and that it is
not suitable as patentable subject matter.

One set of concerns turns on the view that DNA’s
value lies principally in its informational content,
rather than its material qualities. In the case of
diagnostics, what is discovered is a particular
relationship between the presence of a particular
gene or genetic sequence, and a particular illness.41

According to this view, what has been identified
looks more like information than physical material
(Nuffield, 2002). According to some critics, this
represents a departure not only from patent
practice, but from patent doctrine, which is based
on an agreement to disclose information in
exchange for giving the inventor rights over the
material invention. If DNA itself has value not
only as material, but also, if not primarily, as
information, this moves away from the usual range
of patentable material and presents a new challenge
for those who need access to the information
(Eisenberg, 2002a).

A second set of concerns relates more specifically
to the application of the criteria for patentability
by patent offices. A general worry is that these
criteria have been interpreted loosely in some
jurisdictions in the context of DNA, and moreover
that patents of broad scope have been granted. In
the first instance, there has been concern about the
requirement of an “inventive step”, given that the

sequencing of DNA, once a laborious manual task,
has become a highly automated and routine part of
laboratory practice. In the United States, the Court
of Appeals for the Federal Circuit’s interpretation
of the “non-obviousness” standard has explicitly
denied that the difficulty or complexity of
invention matters at all in the determination of
patentability (Rai, 1999). According to this ruling,
as long as DNA has not been identified before (in
other words, is novel), it meets the non-obviousness
test. This ruling distinguishes the United States
from Europe and Japan, which maintain a more
robust standard (“inventive step”) that considers
the scientific difficulty of the work behind the
invention. Additionally, there has been questioning
of the granting of patents for sequences of
questionable or limited utility. Some of this
controversy has abated with the USPTO’s 2001
guidelines on expressed sequence tags (ESTs, short
pieces of DNA that help to identify when particular
genes are being expressed in cells), which tighten
the specifications regarding what constitutes
“utility”.42

A third set of concerns relates to the traditional
distinction between inventions and discoveries.
While it might be argued that this is an esoteric
question with little import in patent law, for many
it is fundamental to the question of what constitutes
genuine innovation—the very thing intellectual
property seeks to stimulate. As we have seen, most
legal documents stipulate that entities, as they exist
in nature, may not be patented. However, the
European Directive, for example, permits the
patenting of biological entities that have been
isolated from their natural state, which have been
shown to have a certain utility, or industrial
application.

It may be useful to consider an example. We can
imagine a researcher who, by experiment, learns
that a plant growing in its natural habitat is able to
take up toxins in the soil. A second researcher takes
the plant and moves it into contaminated soil,
demonstrating its utility to clean up the
environment. At least intuitively, this latter person
did something one might be prepared to call
“innovative”; his colleague’s achievement, on the
other hand, while useful in generating scientific
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knowledge, was less obviously “innovative”.
Knowledge is the quintessential public good; in
increasingly knowledge-based industries,
innovation in many cases is driven by the very
thing that typifies common ownership. But whether
or not one is prepared to view the first person’s
efforts as truly innovative may well depend on the
degree of creative energy and technical capability
needed to acquire the knowledge in question. In
the case of genetic information, it has been argued
that the sequencing and isolation of genetic
sequences is no longer a demonstration of more
than basic competence. By contrast, identifying the
link between a particular gene (or set of genes) and
the development of disease, depending on the
complexity of the interactions involved, is unlikely
to be a straightforward matter. What seems clear is
that the question of what is “obvious” depends on
the state of the technology and of the science at a
given point in its evolution.

It is also clear that sometimes the degree of
obviousness is not a good proxy for the social value
of patenting. This has long been the case in small
molecule patenting for drugs. What this suggests
is that in some cases non-obviousness is becoming
a place-holder for valuations about the amount of
time and investment behind innovation, rather than
about the degree of ingenuity behind an invention.
Patents, in this case, are principally to induce
investment rather than to encourage innovation.
Though they may both be important, they are not
the same.

As one author notes:

The presumption against patenting ba-
sic information about natural phenom-
ena might be overcome if the prospect
of securing exclusive property rights in
scientific discoveries for a limited pe-
riod of time served as a necessary or
important incentive to making invest-
ments in scientific research, in particu-
lar, if it served to elicit discoveries that
would not otherwise be made or to ac-
celerate the pace at which scientific
knowledge advances (Scherer, 2002).

We will explore in section 3.2 below whether or
not these justificatory conditions in fact hold true.

Given the nature and extent of arguments on both
sides of this debate, it is important for developing
countries to recognize the ambiguity in TRIPS,
which does not explicitly require that countries
include DNA among patentable substances. At the
same time, they should be aware that it cannot be
confidently said that TRIPS permits the exclusion
of DNA, because this ambiguity has also been
argued by some to suggest an implicit requirement
to grant patent protection on DNA, if the invention
is deemed to meet the standard criteria for
patentability. For the moment, while it may be
optimistic to describe the available room for
manoeuvre in TRIPS as flexibility, the present
ambiguity arguably permits a degree of manoeuvre
and debate for countries on this issue.

Many practical difficulties with the system may be
a product of the struggle of patent offices to keep
pace with new technologies, and also of courts in
some cases lacking the institutional capacity to stay
on top of scientific advances (Rai, 1999).
Challenges include keeping up with the state-of-
the-art of rapidly advancing fields like genomics,
and applying the standard criteria appropriately
so as to reward genuine invention. While it may be
the case that patent offices and courts, left on their
own, will find the appropriate equilibrium, this
will no doubt be an extraordinarily lengthy process.
It may be of benefit for countries with common
interests and circumstances to share experiences,
and work together to strengthen the capacity of
patent offices to respond to the challenges of
emerging fields.
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3.2 Ways in which the patent
system may affect access
to genetics and genomics

In general, patents can adversely affect access in at
least two ways: by hindering access to the products
of innovation in genomics in the short term; and,
indirectly, hindering genomics innovation,
particularly in areas relevant to developing
countries, by creating barriers to research. It can
also positively affect access by inciting
investigation in complex and expensive research
of social value.

3.2.1 Patents and access to genetic
tests

Patents can affect access to useful genomics
products like genetic tests in at least three ways:

� improving incentives to develop useful
tests;

� increasing the cost of available services;
� imposing transaction costs and inconven-

ience on research and development;
� impeding the transfer of existing tools and

technologies.

We will consider each of these effects below.

Improving incentives to develop
useful tests

The raison d’être of the patent system is to
encourage innovation—or, more precisely, to
encourage the investment of the time, creativity
and capital necessary to bring about socially useful
advances. In such industries as pharmaceuticals,
where research and development costs are
reportedly very high, there is a strong dependency
on patents as a mechanism for recovering up-front
investment.

While the HGP is hailed as a success in public
non-proprietary research, patents may have
contributed indirectly to the pace of research
through the competition provided by Celera

Genomics. Even so, while the sequencing effort
has been held up by some as a prototype for
collaborative public initiatives driven primarily
by non-proprietary incentives, it is far from clear
that the work to translate the now-abundant raw
genomic data into clinically useful applications can
rely on the same model. The complexity of gene–
gene and gene–environment interactions makes the
task of turning promising targets into concrete
applications a challenging one (Wirth, 2001). This
means that creating tests for common diseases, and
interventions for some more intractable infectious
diseases like malaria and HIV/AIDS, will surely
require considerable investment of both time and
resources. By contrast, simple DNA-based
diagnostic tests for single-gene disorders and for
many infectious diseases depend less on a high
front-end investment because they are relatively
easy to make.

In the case of common conditions that tend to affect
people in both economically developed and poor
countries—such as cancers, diabetes and heart
disease—patents will provide an incentive for
investment, because firms can be assured that if
they produce a useful product, they will have
protected access to wealthy markets to repay their
initial investment. The main question in these
instances is how to ensure that these products are
applicable and available in low-resource settings.

In the case of diseases that characterize poor pop-
ulations, firms have little incentive to invest. In
these instances, patents will rarely provide an in-
centive for research and development. However,
patents may still be useful to developing countries
in at least two ways: first, firms within developing
countries that succeed in obtaining patents in lu-
crative markets on an endogenous innovation
could earn rents that lift them into viability; and
second, patents could be used by those doing re-
search relevant to developing countries as tools to
negotiate access to other technologies or services
(see Box 5, for instance). The latter is precisely
what is done by many private companies, which
see patents as assets to be traded in exchange for
other assets of value. The possibility of developing
country institutions obtaining rents from patented
tools and technologies exists, of course, only where
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there is a sufficient science and technology base—
which is true of relatively few developing coun-
tries. And successfully using patents in bargaining
for rights with other institutions requires, for its
part, an ability to negotiate effectively with insti-
tutions (multinational companies or universities,
for instance) with considerable experience in par-
leying and resources to back that up. One possible
option that we will consider later is to harness the
ownership of patents by bodies such as universi-
ties (which own a substantial proportion of patents
on the health biotechnology sector) as a basis for
collective action.

Increasing the cost of available services

There are high-profile examples of patents on
diagnostic tests resulting in the increased cost of
existing services. Genetic tests for Canavan disease,
familial breast cancer, Alzheimer’s disease and
haemochromatosis are among those that have
received publicity because of the outcry by patients
and clinicians that patents, combined with
exclusive licensing practices, have put the price of
diagnosis beyond the reach of many. Myriad
Genetics charges US$ 2500 to test for BRCA1  and

Hereditary haemochromatosis is a genetic disease that re-
sults in an overload of iron in the body, and can lead to
arthritis, diabetes, liver cirrhosis, liver cancer, and heart
failure. Early diagnosis and treatment can prevent these
serious complications.

Mutations of the HFE gene (C282Y and H63D) have been
linked to the disease. In 1998, patents were granted on
these mutations in the United States. An exclusive licence
to perform diagnostic genetic testing was issued by the
patent holder to Smith Kline Beecham Clinical Laborato-
ries, which subsequently contacted a number of laborato-
ries in the United States and offered to issue sub-licenses
in exchange for very high up-front fees and royalties.

The combination of additional costs and the fear of being
sued for patent infringement caused insecurity among those
who had planned to begin conducting similar testing, as
well as among laboratories already performing similar genetic
tests. In the United States, it has been reported that of 119
laboratories surveyed, 30% of those already offering
diagnostic genetic testing for haemochromatosis stopped
performing their tests after the patents and exclusive licenses

were granted. Fewer institutions are carrying out genetic
tests, which means less data are available to researchers
seeking to better understand the disease, and fears have
been expressed that high costs and royalties charged by the
patent holder and licensee to laboratories are likely to trickle
down to patients, who will pay more to access genetic tests
for C282Y and H63D, tests that offer a means of obtaining
crucial information about their health status. Patent claims
on the HFE gene have also been filed in Europe.

Some laboratories continue to perform molecular diagnos-
tic genetic tests they have developed for pre-symptomatic
screening of the haemochromatosis disease. These serv-
ices may very well cease should the patent issue. The EPO
has not yet issued a decision on this case, but political
opposition has been expressed against the type of patent
right granted to the patent holder and the exclusive licen-
see.

Source: Cogswell et al. (1999). American Journal of
Preventive Medicine

Box 8
Haemochromatosis
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BRCA2 (for first tests in each family), and does not
permit any laboratory besides its own or a few
licensed laboratories in other countries to carry
out the test. Haemochromatosis (see Box 8) is
among a host of conditions for which laboratories
across the United States have stopped providing
genetic tests because of concerns that they are
infringing the rights of patent holders, many of
whom have been aggressive in sending “cease and
desist” notices to offending institutions (Cho et al.,
2003; Merz et al., 2002). In the latter case,
laboratories perceived the cost to be excessive and
stopped providing services.

As we have noted before (section 1.5.3), it is not
clear that patenting DNA, as such, has posed the
greatest problem in these cases, as opposed to
restrictive licensing practices. Of course, licensing
is only possible because of patenting; but the point
is that the patenting of DNA sequences does not in
every case lead to diminished access. Some of the
benefit-sharing strategies discussed above may be
useful in addressing the fair distribution of benefits
between researchers and sources who contribute
genetic material, and in a growing number of cases,
substantive research support. However, given that
the affected population is likely to be the principle
market for the test in question, it is not clear that
companies would be willing to make concessions
in prices. In many cases, such as Alzheimer’s
disease, genetic tests are arguably not ready for
widespread clinical use; however, such tests could
be valuable in conducting research to further
understand the disease. Research exemptions may
alleviate the cost burden on researchers wanting to
carry out studies using the tests for principally
research purposes or in order to improve the
technology.

Imposing transaction costs and inconven-
ience on research and development

Patents on research tools can inhibit access to
services, inasmuch as they hinder research that
leads to innovation in these areas. Research tools,
broadly, are “any tangible or informational input
into the process of discovering a drug or any other
medical therapy or method of diagnosing disease”.
For example, recombinant DNA, polymerase

chain reaction, genomics databases, micro-arrays,
transgenic laboratory animals, and embryonic stem
cells are examples of research tools (Walsh, Arora
and Cohen, 2003). Diagnostics are particularly
affected by patents on research tools because the
same tools are the fundamental building blocks for
making tests.

As we have seen, patents awarded for genes and
DNA molecules grant a right to exclude others
from using, making, selling or importing that which
incorporates what is covered by the patent claims
(Kluge, 2003). Researchers need to use a large
number of different research tools, and in
biotechnology there is evidence of the cumulative
nature of scientific development such that later
innovation depends heavily on prior iterative
advancements. The concern is therefore that the
existence of patents on research tools could slow
or even block many subsequent research efforts as
researchers are forced to pay high fees to a large
number of research tool patent holders before even
commencing their projects, or might even be
denied permission for use. The fact that numerous
intermediaries are involved in the very early stages
of research projects could significantly increase
their cost. These high costs will be incurred at a
stage when the researchers do not even know if
and when they will achieve any feasible result and
whether that research result will be commercially
viable. The fear is that the cost of basic research
will increase due to the increasing number of
patented basic research tools, slowing down
biomedical innovation. This situation has been
dubbed the “tragedy of the anticommons” (Heller
and Eisenberg, 1998), and contrasts with the
tragedy of the commons feared to result from
leaving valuable resources in the public domain.

A recent report by the National Research Council
of the United States examines, on the basis of
interviews and archival data, “the changes in
patenting and licensing in recent years and how
these have affected innovation in pharmaceuticals
and related biotech industries” (Walsh, Arora and
Cohen, 2003). The authors conclude that drug
discovery has not been significantly hampered by
the increase in patents on research tools. But to this
conclusion they add the following caveat:
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“Restrictions on the use of patented genetic
diagnostics, where we see some evidence of patents
interfering with university research, are an
important exception”. The same report suggests
that the anticommons effect is worse for small
businesses, and those entering the market (Walsh,
Arora and Cohen, 2003), which suggests
potentially greater challenges for emerging sectors
in developing countries. The other very important
finding is that infringement is rampant, among
academics and companies both. This means that if
norms shift, then these “gentlemen’s agreements”
could collapse.

On the one hand, this study highlights the evidence
that many institutes in the United States have
developed workable solutions that allow them to
carry on with research, in the face of the widespread
patenting of research tools. These include
infringing the patent, often by informally invoking
the research exception; developing and using
public tools; challenging patents in court; and
inventing around the patent. On the other hand,
not all of these solutions may be viable within the
context of genetic diagnostics.

For one thing, it has been argued that in the case of
genetic diagnostics, inventing around patents may
be considerably more difficult than it is with other
types of invention. There is a finite number of genes,
and therefore a limited number of tools, including
platform technologies, for researchers to employ
in gene-based research (Nuffield, 2002).
Researchers doing work in genetics could have their
hands tied by patents granted on research tools,
which are often product rather than method patents,
to a greater extent than their counterparts in other
fields. Gene patents are composition of matter
patents on sequences, so making or using them in
the laboratory without permission for any purpose
risks infringement. This becomes particularly
problematic for the development of tests addressing
diseases affected by multiple genes, each of which
is patented.

Because challenging patents in courts is not a
feasible option for firms with limited capital
(including the majority of those in developing

countries), or for research institutions and
universities, a more viable long-term solution may
indeed be to clarify the criteria for DNA
patentability, and to apply these criteria more
strictly. This could result in fewer DNA patents
being granted, but in an overall higher quality of
the patents and a greater confidence on the part of
inventors and researchers in the validity of granted
patents, and thus in the credibility of the system.

The bottom line is that these constraints present
obstacles that may be sufficiently high as to create
disincentives for the pursuit of certain lines of
research, and could be particularly heavy for
diagnostics, a field in which the raw materials of
genomics may translate most easily into useful
health applications for developing countries.
What’s more, these disincentives will chiefly affect
institutions that have relatively limited capital, such
as research centres and public–private operations,
which are often those groups most concerned with
research in areas relevant to developing countries.

It is significant that the National Academy of
Sciences report states:

Our interviews suggested that the main
reasons why projects were not under-
taken reflected considerations of tech-
nological opportunity, demand, and in-
ternal resource constraints, with ex-
pected licensing fees or “tangles” of
rights on tools playing a subordinate
role, salient only for those projects which
were commercially less viable (Walsh,
Arora and Cohen, 2003—emphasis
added).

This means that research oriented towards non-
lucrative markets, including research addressing
developing country health needs, is particularly
vulnerable to the “tangling” effects of obstacles to
accessing research tools.

Countries can learn important lessons from each
other, but should be wary of looking to others for
ready-made solutions. The United States patent
system, for instance, has evolved over a period of
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more than two hundred years, during which time
the system itself has adjusted to meet the changing
scientific and technological needs of the country.
United States patent law formerly excluded foreign
“prior art” as a deliberate measure to allow United
States patent applicants to obtain a patent
domestically on a copied foreign invention. This
option is limited because of TRIPS. Moreover, with
reference to new and emerging industries,
including biotechnology and genomics, the United
States has evolved a pro-patent court system and a
Bayh-Dole framework, as well as more expansive
interpretation of what is patentable (e.g. business
methods, algorithms), and an unrigorous non-
obviousness criterion, which differs from other
jurisdictions such as Japan and the EU. The
question of patented research tools is being taken
up in several major studies begun in 2004
(Malakoff, 2004), in an effort to collect evidence to
fill the void in the current debate about their impact
on downstream research. This suggests that it may
be of questionable benefit for developing countries
to look to the United States as a model, at least in
the case of biotechnological inventions, since its
own system continues to be assessed and modified
to accommodate challenges; however, it will be
important to monitor its progress so that important
lessons may be drawn for others facing similar
challenges.

Developing countries with relatively advanced
technological capacity need to weigh different
factors, including: the impact of adopting features
of a pro-patent system (such as patent protection
for research tools) on domestic issues such as
competitiveness within the local industry; foreign
direct investment; access of poor segments of the
populations to inexpensive healthcare products; the
proportion of local innovation directed at domestic
needs versus those directed to overseas market; as
well as its impact on the supply of generics and
other cheap products to dependent markets in less
developed countries. China, Brazil and India are
developing countries facing these decisions; they
hover on the cusp between developing countries
and the industrialized world, with scientific
capacity that gives them the possibility of self-
sufficiency and international competitiveness, but
with a considerable proportion of their population

living in desperate poverty. As we saw in section
2.4 above, these countries have not approached IP
in the same way; it will be very important to
monitor the impact of TRIPS on the ability of these
countries, and others in their position, to maintain
access to affordable healthcare products for their
own citizens, as well as those in other countries
that rely on their capacity.

A further factor to consider is the need for patents
as incentives for research in genomics. In the
context of drug development, where patents have
been argued to be a necessity, the number of drugs
making their way into the market has slowed
(FDA, 2004). The perceived ‘innovation deficit’,
in spite of much larger R&D expenditures in recent
years, may be the result of changes in the technology
and methodology used for doing research, and of
underestimating the scientific challenges inherent
in translating fundamental scientific advances into
treatments for specific conditions. The ‘genomics
revolution’ has indicated the very important part
played by public initiatives in putting fundamental
genetic data into the public domain, which can then
be freely used by other researchers in the public
and private sectors for further applied and
translational research. It has also demonstrated the
need to balance incentives offered by patenting,
with the need to make platform technologies as
accessible as possible to downstream research and
potential applications. Given the complexity of the
task required to move from a gene to a therapeutic
product or a diagnostic tool, it would be in the
interest of innovation not to place limits on the
number of institutions that can be engaged in this
work.

The pharmaceutical industry has been shown to
rely heavily, more than most other sectors, on
patents (Scherer, 2002). Making it harder to obtain
patents on research tools does not preclude
companies patenting biologically active substances
that are one or two steps down the development
chain. The pharmaceutical industry, through its
involvement in projects such as the SNP
Consortium, has demonstrated the interest it has
in making upstream genetic information freely
available as an aid to drug discovery. Patents on
DNA sequences cover a range of applications, not
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all of them therapeutic; research might therefore
be compromised across these applications if DNA
patents were made harder to get. Firms likely to be
most affected by any limits on the patenting of
upstream tools are biotech companies and start-
ups, which are widely held to depend heavily on
biotechnology patents to garner venture capital.

In the remainder of this section, we will consider
the question of access from an international point
of view, namely through the lens of technology
transfer.

Impeding the transfer of existing tools
and technologies

The UK Commission on Intellectual Property
Rights, in its report on IP and development,
remarks:

In a sense, the crucial issue in respect of
IP is not whether it promotes trade or
foreign investment, but how it helps or
hinders developing countries to gain
access to technologies that are required
for their development…and whether it
encourages or hinders the development
of technical capacity, including knowl-
edge-based industry in that country (IPR
Commission, 2002).

In section 2.1, we noted that patents are national in
application; however, we also noted elsewhere that
research, particularly in emerging technologies
such as genomics, is increasingly global. Thus,
while it may be true that patent protection has not
been obtained for genetic inventions in many
countries in the developing world, it does not
necessarily follow that patents do not affect access
to health products and services in these countries
(IPR Commission, 2002).

Most genetic research is performed in industrial-
ized countries, and is predictably directed towards
the health needs of markets in these countries,
where patents have been awarded for entire genes,
cell lines containing particular DNA sequences,
research methods, and other forms of genetic in-

vention. But companies, scientists and universities
often refrain from filing patents on genetic com-
pounds in the developing world, in large part be-
cause the possibility of financial returns for a pat-
ented invention in developing countries is likely
to be very small, and not worth the price of filing a
patent application and maintaining a patent once it
is issued. In the absence of patent rights, develop-
ing countries are, in theory, free to use technolo-
gies without penalty or the need to pay licensing
fees. However, a crucial practical barrier to ac-
cessing genetic tools and technologies within de-
veloping countries is that most low and middle
income countries do not have the research, testing
or manufacturing capacities to make use of the ex-
isting tools and technologies. This is the identical
challenge faced in the context of pharmaceutical
research and development, a challenge acknowl-
edged by the “paragraph 6 problem” of the Doha
Declaration, discussed in section 2.1 above. Fur-
thermore, with few exceptions, developing coun-
tries lack facilities required to adapt existing tools
and technologies to their own needs or access non-
patented know-how associated with the use of pat-
ented DNA sequences.

It is clear, then, that the majority of developing
countries, and particularly the least developed,
unable to develop tests themselves, must rely on
imports from their more industrially advanced
neighbours. In those cases where a genetic
diagnostic tool has been invented and patented in
developed countries, and where the invention is
also relevant to the health needs of poorer
countries, we can draw some conclusions about
the impact that the DNA patent may have on access
to the genetic tool in developing countries,
particularly in relation to price, by analogy to the
access issues faced by developing countries in the
case of product patents for drugs.

Furthermore, patents could block the ability of
potential supplier countries to export patented
goods to other countries, particularly through
controls on distribution channels. This is another
reason why companies may selectively patent in
countries like South Africa, which, thanks to its
relatively strong manufacturing capacities, is a
potential supplier to poorer countries in the region.
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At present, drugs-importing countries where there
is no patent protection can import supplies from
generic companies, principally in India, because
these exporters need not have pharmaceutical
product patent protection until 2005. Post-2005,
India will have to provide product (and not simply
process) patent protection on new drugs, and those
for which patent applications were submitted after
1994 will be patentable; the opportunity for these
imports will thus shrink over time (IPR
Commission, 2002). There is no direct evidence,
to date, that strategic patenting is a threat to
accessing genetic information; as biotechnology
and genomics become increasingly globalized, it
will be important to assess whether this becomes a
relevant issue.

The IPR Commission report encourages govern-
ments to consider a number of strategies to pro-
vide incentives for technology transfer to low and
middle income countries, including tax breaks for
companies that license technology to developing
countries, and commitments to ensure open access
to scientific databases. Governments of more in-
dustrialized countries can therefore have an im-
portant role to play in encouraging the transfer of
beneficial technologies to less developed econo-
mies, including by way of meaningful partnerships.
Developing countries, in turn, could benefit from
studies that assess the impact of their domestic pat-
ent regimes and patent protection on the transfer
of technology for the sustainable development of
local capacity in genetic technologies.

3.2.2 Some preliminary proposals

A number of proposals have been put forward for
solving the problem of access to health care
products. In the case of pharmaceuticals, it has been
suggested that developing countries may rely upon
compulsory licensing to gain access to licensed
inventions, under certain conditions. While there
is some evidence that compulsory licensing
provides leverage for bargaining in the context of
negotiating access to therapeutic products, it is less
clear that it is a viable option for preventative
approaches, such as genetic diagnostics.
Compulsory licensing is an important option for

national governments. It is, however, a defensive
mechanism that kicks in after a product has been
created and patented.

Addressing licensing behaviour, by encouraging
the employment of humanitarian use, medical use
or research use exemptions could go a considerable
distance toward rectifying the problem of accessing
research tools. Several commentators advocate
such changes in norms, which require much greater
transparency in making public the terms of
licensing agreements. One author terms this
“publicly-minded licensing” (Benkler, 2004). The
Public Intellectual Property for Agriculture
(PIPRA), is a collaboration among agricultural
research universities to share their IP and retain
rights to use their technologies for subsistence and
specially for crop development. Groups like
PIPRA are formed to give universities much more
negotiating power with biotech and pharmaceutical
industries. Humanitarian use exemptions, or
developing country licenses for their part, would
permit research, development, manufacture and
distribution of end products destined for developing
country markets, or poorer markets within
developed countries. Research exemptions would
permit the use of a patented technology for research
and education, under certain specified conditions.
Such arrangements suggest a change in licensing
norms, rather than changes in legislation or a
tinkering with the patent system.

Alternatives to patents have also been proposed,
including open source approaches that more closely
resemble the loose property arrangements of
copyright (Maurer, 2002), and the employment of
compensatory liability rules (Reichman and Lewis,
2005). The former model is based largely on the
open source software movement, which operates
on distributed innovation and the ingenuity of
networked volunteers. The latter model of
compensatory liability rules takes a well-
established method and adapts it to protect know-
how under specific circumstances. Liability rules
embody a legal structure that permits third parties
to undertake certain actions without prior
permission, provided that they compensate injured
parties for all or part of the harm they inflict.
Liability rules understood in relation to modern
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research would operate to manage sub-patentable
innovation—that is, inventions that do not meet
the non-obviousness (or inventive step) standard.
They would not be a substitute for the “absolute”
property rights of patents, but rather would
complement them, furnishing a means of providing
protection for useful inventions while mitigating
against access concerns tied to stronger property
rights. Proponents of liability rules have argued
that they provide a viable framework for
encouraging small-scale innovation in developing
countries:

[Q]ualified experts have long agreed
that most developing countries would
benefit from a special regime to protect
small-scale innovation. This follows
because the more limited technical ca-
pacities of producers in most of these
countries are better suited to applica-
tions of inventions made elsewhere to
local conditions than to developing big-
ger scale inventions from scratch, espe-
cially when these depend on basic re-
search, in which most developing coun-
tries are deficient (Reichman and Lewis,
2005).

Inasmuch as this view of liability rules specifically
targets sub-patentable innovation, it is a credible
model for providing property protection for
genetic sequences, one that is somewhere between
patents and copyrights in strength. This model
would require an infrastructure that would permit
mediation and the enforcement of rules, and would
in practice likely function by pooling tools among
owners within a given field, to facilitate access to
and the management of research tools. To date,
liability rules have not been applied in the context
of research; it is therefore difficult to evaluate their
feasibility. A good way of testing compensatory
liability rules could be in the context of a specific
technology, for instance, the development of a
malaria vaccine or diagnostic device for
tuberculosis.

The open source approach that characterizes the
software industry may also prove relevant. Open

source products are made accessible to third parties
by a licensing system that does not require payment
but does require that any innovation made as a
result of using the invention be placed back into
the public domain. In other words, the cost of access
is the enrichment of the public domain, so that no
one individual can control access to genetic tools.
The system works best if subsequent inventors
actually acquire rights and then license out their
inventions to all comers on the same conditions
that were imposed on them. This is a way for genetic
knowledge to flow freely into the public domain,
much in the same manner as the Human Genome
Project, through copyrights that do not rely upon
their inherent right to exclusivity (Gold, 2003).
Open source approaches to genetic information
have been promoted by an initiative founded in
1994, Cambia (www.cambia.org), which has been
called “a clearinghouse for intellectual property
issues” (Finkel, 1999). Some industry
representatives have been critical, arguing that
open source undermines the incentive to conduct
research into viable products. And open source
approaches have also yet to prove themselves in
the long-term, even in the software industry. The
growing intersection between biotechnology and
computation, as witnessed in the emergence of
bioinformatics and data mining, suggests that the
models and networked framework of the software
industry are likely to pervade biomedical sciences
to a growing extent. India, for example, has made
explicit moves to develop capacity in
bioinformatics, to capitalize on its native skills in
the chemical sciences and in informatics.

There nevertheless remains the possibility of
including DNA among those entities excluded
from patentability. In light of current practice in
most economically advanced countries, and the
present trend towards expansive IP coverage, it is
important to point out that this is a controversial
option.

Several countries have at different times excluded
some inventions from patent protection, often
restricting patents on products and limiting
protection to the processes that make them. Food
stuffs, pharmaceuticals and chemicals are sectors
where exclusions have typically applied. These
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products are essential goods for which the benefits
of free access are perceived to override the potential
stimulus to innovation. In the 19th century, this
approach was adopted by many countries that are
now considered developed, and some maintained
it until late in the 20th century. This was also the
case in the East Asian countries (such as Taiwan
and Korea) until relatively recently. TRIPS now
forbids discrimination in the grant of patent
protection in respect of different fields of
technology. TRIPS does not, however, stipulate
explicitly that DNA must be subject to patent
protection, insofar as it is not excluded.

Countries deciding to avail themselves of this
ambiguity should do so understanding (1) the
widespread view of patent lawyers that DNA is
primarily a chemical compound, (2) the three-
decade-long history of permitting DNA patents
in several countries, and (3) the TRIPS  requirement
to make “patents available for any inventions,
whether products or processes, in all fields of
technology without discrimination, subject to the
normal tests of novelty, inventiveness and industrial
applicability”.43 In any event, complaining
members of the WTO will have the burden to prove
that TRIPS obliges the protection of DNA as an
“invention”.

Developing countries are required to grant product
patents on pharmaceuticals by 2005 and least
developed countries, by 2016. However, given
evidence that genomic industries operate on a
model of cumulative development and of the role
of DNA as a foundational tool for further research,
developing countries should carefully consider the
standards they apply in permitting (product, or
composition of matter) patents on DNA, in terms
of encouraging innovation in genomics and other
areas. The status of DNA as patentable (or
unpatentable) subject matter would, precisely
because of the “foundational” nature of DNA, have
repercussions not only on basic research involving
the study of genes, but also on a host of other areas
including pharmaceutical research.

Developing countries with relatively strong sci-
entific capacity need to think carefully about fol-

lowing this option, given that patents for them may
provide obstacles in some instances, but in others
could earn them considerable rent on a major in-
novation patented worldwide. Developing coun-
tries with very limited research and technological
capacity have little to gain from providing patents
because they do not have sufficient technical skill
to attract foreign companies or to incite local in-
novation. These countries may, on the other hand,
be in a position to be more experimental and to try
options such as petty patents, compensatory liabil-
ity rules or other systems to encourage small-scale
innovation.

Excluding DNA from patentability as a chemical
compound or “composition of matter” may be
judged by some accounts to be incompatible with
TRIPS, though there is nothing in the Agreement
obligating the grant of patents over substances
existing in nature (even if isolated). For those
countries wishing to circumscribe but not to
completely forbid the patenting of DNA, as an
alternative to denying patents on genetic materials
tout court, the standard of non-obviousness (or
inventive step) could be applied more rigorously,
in which case genetic sequences are likely to fall
short in most instances. As with USPTO’s revised
guidelines, the utility standard could likewise be a
tool for diminishing the impact of research tool
patents, by diminishing the number of patents
issued on sequences of dubious industrial value.

For developing countries with sufficient
technological capacity to develop tools to address
local needs, there is limited economic research at
the country level that directly links the IPR regime
to domestic innovation and development,
generally. But there is evidence that relates
innovation in some sectors in Brazil and the
Philippines to the availability of utility models, or
petty patents,44  which offer limited protection for
inventions that may not meet the standards of the
patent system. The intellectual property protection
provided by utility models tends to be more widely
used by local residents than by foreign companies,
while in many countries the opposite is the case for
full patents, the majority of which are owned by
foreigners (Richards, 2002). This suggests that
utility patents may be useful for stimulating local
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innovation. In Japan, the evidence suggests that a
system of weak protection based on utility models
and industrial designs facilitated incremental
innovation by small enterprises, and the absorption
and diffusion of technology. This was associated,
as in Taiwan and Korea, with an absence of patent
protection for chemical and pharmaceutical
products. Japan introduced protection for
pharmaceuticals only in 1976. Some com-
mentators have recommended a petty patent
system for developing countries, though others
have argued that the existence of utility models
alongside the patent system creates confusion and
economic inefficiencies, and provides opportunities
for large companies to gain control of innovations
representing incremental advances (Cornish,
Llewelyn and Adcock, 2003). Petty patents differ
from liability rules because the former are still
absolute rights that forbid the use of the invention
without the prior consent of the right holder.
Liability rules operate on a “use now, pay later”
model that presents no barriers for use, but only
requires compensation at a later stage. The role of
petty patents in encouraging domestic innovation
should be weighed against the possible
monopolization of particular fields by large
companies, using petty patents (bearing in mind
that diagnostic firms are typically small).

In some countries, attempts to overcome difficulties
of accessing licensed technologies have led to the
use of so-called “patent pools”, which are
agreements between patent owners to license their
inventions to each other or third parties. However,
to date the conditions do not seem to have
materialized. In 2000, a report by the USPTO on
patent pools and biotechnology patents concluded
that “the use of patent pools in the biotechnology
field could serve the interests of both the public
and private industry, a win-win situation” (Clark
et al., 2000). Among the benefits cited for this
approach to licensing were: efficiency in obtaining
rights to patented technology through “one stop”
licensing mechanisms; the distribution of risks

associated with research and development; and the
elimination of “blocking” patents or “stacking”
licenses, and the consequent encouragement of
cooperative efforts. Most pools start from a group
of companies with shared market and blocking
patents, with no one player believing it has a clear
advantage. However, such strategies may be
defensive, and therefore not contribute to opening
up access to tools but to limiting its use to those
owning pivotal patents.

As we have seen, a case has been made that patent
pools could be most useful for technologies
particularly relevant to developing countries,
because the lack of strong market incentives may
enable agreements that lucrative incentives would
make more difficult to engineer. It has been argued
that such an approach could work for low-margin
research such as that directed towards problems of
the poor, because it tends to be conducted by
universities or non-profit institutions, a relatively
homogenous group that could be knit together
around shared values and a shared goal, without
the powerful distractions of powerful financial
interests. PIPRA is precisely this kind of venture.
Its members have publicly committed to
generating “best practices” for systematically
retaining rights that permit public institutions to
freely undertake research oriented towards the
needs of developing countries (Rai, 2004).

Patent pools, liability rules, and open source
approaches to accessing genetic research tools,
particularly genomics databases, should be
explored as an alternative to patent approaches.
Recent work suggests that genomics and
biotechnology are appropriate candidates for these
approaches, at least at the level of basic research.

Finally, developing countries with an interest in
developing capacity in genomics might consider
the value of networking. For instance, Brazil and
Mexico have taken steps at the national level to
establish competence in genomics and related
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disciplines. For many countries in the region, a
principal obstacle to these efforts is a lack of funds
to afford equipment and facilities. This dearth of
resources could be compensated by a “networking
strategy” that relies on collaboration among
institutions in various countries, and therefore
maximizes resources (Ramírez, 2003). A similar
approach was employed nationally across Brazil,
which established a virtual network of institutions
to facilitate cooperation across its vast territory.
South Africa has recently launched a policy for
developing biotechnology and genomics in a report
entitled Biotechnology platforms: strategic review
and forecast. The policy advocates the

establishment of world-class genomics capacity,
through the creation of a national facility and
centres of excellence. The New Partnership for
Africa’s Development (NEPAD) has likewise
committed to developing regional capacity in
science and technology, including genomics, using
networks of centres of excellence. The recent
launch of the African Biosciences Facility in South
Africa is a concrete achievement in this effort to
make possible Africa’s active participation in the
advances of genomics. It may be that such networks
facilitate the development of more “networked”
approaches to innovation, such as those described
earlier in this section.
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4
Conclusions

Intellectual property has existed, in some countries,
for centuries, and biotechnology patents have been
granted in several jurisdictions for years, but it is
only in the past decade that heated controversy has
arisen around the patenting of biological entities
(Eisenberg, 2002b). Various theories have been
promulgated to explain this fact; what is clear is
that the debate has by no means been put to rest.

The patenting of DNA presents an interesting
point for consideration, because it is a topic about
which there is great polarity in views, not only
about its effects on research and access, but also
due to more basic misgivings about whether DNA
is the right sort of thing to patent. Ethical, legal
and scientific concerns intermingle to create a
complex milieu for discussions that range from
consequentialist arguments about possible
practical implications, to renewed and vigorous
discussion of the meaning of “innovation”. In this
report, we have attempted to consider the various
sides of this debate through the lens of public health.

One of the challenges with respect to DNA is that
it is an upstream tool for basic research (e.g. PCR),
a medically valuable product (e.g. gene therapy),
as well as vital information about the molecular
basis for disease. Some individual patents are
therefore at once the basis for involved studies to
develop therapeutics, and for immediate use in
laboratories as research tools. That is, in some
cases, DNA patents can conceivably do
considerable work to encourage the development
of therapeutics or diagnostics, and at the same time
be needed for researchers, widely and at low cost.
The Human Genome Project, which was itself a
case study of innovation, employed incentives for

scientific and medical, but not primarily
commercial, research. There remains, as we have
seen, an unresolved question about whether such
an approach can equally succeed in spurring the
work needed to move the fruits of this research
down the pipeline, to produce benefits for public
health. In other areas, evidence suggests that a
proliferation of patents has not been accompanied
by a proliferation of medical applications—though
this tells us only that patents are not solving the
problem, not that they do not matter. While much
of this perceived lag is no doubt owed to technical
issues and the inherent complexity of the science,
it is unclear how much is related, if only indirectly,
to a failure of incentive mechanisms, including
patents, to generate new and useful products and
services.

We have seen that one possible exception is the
field of diagnostics, where genetic tests are
generally considerably easier and cheaper to
develop than treatments or cures. Indeed, medicine
has long been practised on a diagnostic model that
acknowledges the tremendous importance of
identifying risks, even in the absence of therapies.
Diagnostics, then, for developing countries, appear
to be a far more achievable application of genomics
in the short term, to fill a very important public
health need. Building the skills locally to diagnose
these conditions not only addresses a real and
present need facing many countries with endemic
disease burdens; it can lay the groundwork for
developing capacity in genomic applications more
generally, and contribute to what is an ongoing
effort on the part of researchers worldwide to
translate the wealth of genomic knowledge into
beneficial applications.
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Indeed, given the complexity of the work to
translate the wealth of raw genomic data into
practical solutions, it would be preferable to permit
as many researchers as possible to take up this
challenge. Tying patent protection to products
further down the development pipeline links
innovation with socially valuable inventions that
should give evidence of real-world utility.
Facilitating widespread access to gene sequences
and other upstream discoveries useful as research
tools could encourage a large number of
researchers and institutions to undertake the much
trickier work to develop end-products—
particularly if those products are assured of patent
protection, or other reward. Patent standards are
currently being stretched to accommodate
arguably sub-patentable items such as gene
sequences. While these useful discoveries may
merit some protection of some kind, they in most
cases may not deserve the absolute protection
provided by patents that exclude access.

In developed countries, where the science is more
advanced, there is talk of a transition from
traditional medical genetics, which focuses
narrowly but effectively on heritable conditions,
to genomic medicine, which integrates genetic
information into everyday clinical practice. Indeed,
according to proponents of genomic medicine, it
is knowledge that will transform medical practice
in the long-term—knowledge of how genes
interact with each other and with the environment
to cause disease. In the foreseeable future, then,
genetic tests will play an increasing—not a
diminishing—role in the diagnosis and prognosis
of a range of conditions of great public health
concern in all countries. But even before we have
the tools to treat or cure these conditions, we can
make important strides in the areas of early
detection and prevention.

In this report, the aim has been to evaluate the
current landscape of issues and evidence. Here, we
present the major conclusions of this report, and in
each case offer proposals for avenues of fruitful
investigation that could usefully inform policy-
making in the future.

4.1 Proposals

— Ongoing ethical, legal and social
controversy regarding the
patentability of human DNA

The controversy about the patenting of DNA
remains unabated. This controversy is at several
levels, from moral and legal claims, to
consequentialist arguments about social benefit.
Questions of benefit sharing also arise in relation
to human genetics research, particularly regarding
the obligations of inventors or researchers towards
those who provide genetic samples. Many of these
issues are parallel to those currently being debated
within the context of biodiversity, plant genetic
resources and traditional knowledge. In both cases,
there is arguably a similar claim that the resource
in question is both communal and “cultural”, and
at the same time commercially valuable,
suggesting that it is both “person” and “property”
to those who have been its caretakers. One
particular area where WHO with other agencies
might make a useful contribution is in suggesting
how policy-making around ethically thorny subject
matter, such as DNA, might take better account of
the legitimate concerns of the public. Some
possible avenues of inquiry are as follows.

� Explore possible mechanisms for solicit-
ing public input into policy changes relat-
ing to IP, including making use of the ordre
public clause within TRIPS. Examine how
such input might contribute constructively
to the development of policy, particularly
in relation to issues of widespread contro-
versy (e.g. the patenting of biological or-
ganisms, like DNA and stem cells, and
what kinds of innovation are judged to be
of social value).

� Explore policies that encourage entities
involved in commercial aspects of research
to openly negotiate with community lead-
ers (including disease-associated advocacy
groups, in the case of genetic diseases) for
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equitable benefit sharing, and create stand-
ards to guide such negotiations. Moreo-
ver, carefully assess the value of certifi-
cates of origin, or similar mechanisms, for
negotiating benefits for the results of in-
ternational genetic research.

� Assess the relevant similarities and differ-
ences of benefit-sharing issues relating to
genetic resources derived from humans,
and those derived from the environment,
i.e. biodiversity. Explore what these con-
trasts suggest for the synergistic develop-
ment of policy in these areas.

� Consider strategies for increasing the
transparency of funding sources that sup-
port both public and private R&D initia-
tives in genomics and related fields in se-
lected developed and developing coun-
tries, in order that there might be greater
accountability for publicly supported ven-
tures. Likewise examine ways of increas-
ing the transparency of licensing inven-
tions arising from federal and non-profit
funding, in order to better track how in-
ventions are being used.

— Ambiguity in TRIPS regarding
whether DNA may be excluded
from patentability

National legislation is constrained by provisions
within international agreements. TRIPS, in
particular, requires that WTO Members adopt
minimal standards of intellectual property
protection, though countries may take advantage
of certain flexibilities to protect the health and safety
of their populations. In relation to DNA patents
specifically, however, there is ambiguity as to
whether TRIPS requires countries to grant patents
on DNA sequences. DNA patents have been
widely permitted in Europe and the United States,
but not all countries have responded in like manner.
In light of this, it would be useful to undertake the
following.

� Conduct comparative studies of se-
lected developing countries to identify
ways in which they have employed
flexibilities in TRIPS for the protec-
tion of health-related interests (e.g.
ambiguity about some types of patent-
able subject matter; compulsory li-
cences; etc.) to advance health priori-
ties, particularly in relation to
genomics.

� Compare the status of DNA as re-
flected in the patent law of different
developing countries, and analyse how
this has affected (or will in the future
affect) the ability of developing coun-
tries with relatively strong research and
technology bases to harness gene-based
approaches to improve the health of
their populations. Furthermore, evalu-
ate how these issues intersect with the
overall changes to these countries’ pat-
ent systems as a result of TRIPS com-
ing into force in these countries in
2005, with a view to providing guid-
ance for least developed countries that
must make the same transition in 2016.

� Clarify the impact of current research
exemption clauses on clinical research
in selected countries (both developed
and developing), and particularly on
genomic research. This work could
help to guide developing countries in
devising clear and effective methods
of fostering research. In particular, is-
sues to consider include whether the
exemption should be statutory, and if
so, how to define so it does not destroy
reagent, instrument and other “re-
search tool” industries aimed towards
research laboratories; whether it be
made explicit for non-profit and gov-
ernment-funded research, mandating
“research use” exemptions in licens-
ing practices; and whether it should
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emerge from norms and practices (i.e. self-
regulation) in technology licensing, such
as through humanitarian-use licensing.

� Assess the role of petty patents/utility
models in encouraging domestic innova-
tion and weigh their use against the possi-
ble monopolization of particular fields by
large companies, using petty patents. The
particular value of petty patents in cumu-
lative sectors, such as biotechnology and
genomics, should also be evaluated, espe-
cially in relation to encouraging domestic
innovation.

— Developing countries stand to
benefit from genomics

There is a body of epidemiological data that attests
to the not inconsiderable burden of debilitating
genetic diseases, particularly blood disorders, in
developing countries. Moreover, other conditions
with a significant genetic component, including
heart disease, cancer and diabetes, contribute to a
growing burden of common conditions among all
countries. DNA-based diagnostics, which can be
applied to diagnosis of both infectious and
noncommunicable diseases, are generally
inexpensive to manufacture. Building on the
Genomics and World Health report, WHO and its
partners can work to build a global strategy on
how innovation in genomics can better serve the
health needs of the world’s poor. This would include
considering how developing countries at the
leading edge of technological development in
genomics and biotechnology, such as Brazil, China,
India and South Africa, could provide leadership
by sharing experiences and expertise relating to
the development of endogenous research capacity,
as well as the development of infrastructure and
capacity for appropriately evaluating, processing
and enforcing patents. Questions whose answers
might usefully inform such a process include the
following.

� Consider how the development of low-
cost, effective gene tests for use in devel-
oping countries could form a case study

for the application of a compensatory li-
ability rules system.

� Identify platform genomic technologies,
such as microarrays, that could be easily
adapted for application in poor settings, as
a basis for pinpointing research opportu-
nities. For example, for infectious diseases
DNA analysis could mean making links
with the biodefence research establish-
ment, particularly academic and company
groups developing portable detection
methods.

� Undertake studies to systematically iden-
tify genetic tests of specific importance to
developing countries (particularly genetic
disorders and infectious diseases), and to
determine which patents exist on these
tests, by whom and in which countries.
These studies would also assess the cur-
rent licensing agreements surrounding the
use of these tests. This will fill an impor-
tant lacuna of knowledge, and provide a
starting point for determining concrete
policy steps, where necessary.

� Study cases such as Mexico, which has
adopted a national strategy for the inte-
gration of genomics into medicine, to dis-
cover the factors underlying this move,
including existing capacity in molecular
science and biotechnology, and to shed
light on the role of patents in the innova-
tion process in these areas.

� Assess the extent to which researchers in
developing countries make use of the
growing repository of publicly available
genomics data, and current strategies to
develop indigenous capacity in
bioinformatics and data mining in low-
resource settings.

� Explore mechanisms for developing coun-
tries to share experiences, and work to-
gether to strengthen the capacity of patent
offices and courts to respond to the chal-
lenges of newcomer fields, like genomic
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industries. In particular, develop strategies
for building capacity among policy-mak-
ers in developing countries to permit them
to recognize and avail themselves of the
flexibilities in TRIPS.

� Explore policies in OECD countries that
foster indigenous technical development,
particularly in biotechnology and
genomics, and assess to what extent these
have been effective in generating health
applications of local relevance.

� Explore patent pooling, as well as open
source approaches to licensing genetic re-
search tools, particularly genomics
databases, as an alternative to proprietary
approaches. In particular, assess their vi-
ability for providing incentives for the
development of medical applications, such
as diagnostics and therapeutics (being care-
ful to consider relevant differences be-
tween these fields) for populations with
no ability to pay.

4.2 Some final remarks

Research networks, and particularly those in the
biotech sector, are increasingly complex;
understanding how they affect, and are affected by,
the patent system is by no means a straightforward
project, particularly when one tries to assess the
implications for countries that are behind the wave
of technological development. The most
productive way to move forward is undoubtedly
for countries, to the greatest extent possible, to share
their experiences and challenges with each other,
and to work together to create best practices that
can also usefully guide those likely to face similar
challenges in the future. Many industrialized
countries have valuable experiences at both the
technical and policy levels, and international
bodies should double their efforts to encourage
supportive networks for information sharing and
capacity building in these areas.

WHO can, as an international body principally
concerned with public health, play an important

role, as it has in the past, by focusing a health-
centred lens on the debate around intellectual
property and in fostering dialogue in this area. It
can also facilitate the studies that are needed to fill
the remaining gaps in our knowledge about the
true impact of intellectual property systems on
health outcomes, particularly in developing
countries. Indeed, in 2003 the World Health
Organization, at the request of its membership,
established a Commission on Intellectual Property
Rights, Innovation and Public Health to consider
IP in addition to broader issues impinging on
health-related R&D.

It is clear that a discussion of patents does not
present a complete picture of all the issues relevant
to the discussion of access. The notion of innovation
itself is a complex one; to the extent that patents
impact on this process, they are certainly one factor
among many. Education, scientific capacity,
physical infrastructure, and appropriate regulatory
and safety standards are among an array of
components needed to ensure a functioning
innovation system.

Finally, it is important to maintain a realistic and
moderate view of the impact of genetics and
genomics on health outcomes. The reality is
unlikely to involve dramatic shifts in the short term,
or even the longer term; rather, what we have seen
so far suggests an evolution of practice rather than
a revolution. The work of sequencing the human
genome was a landmark achievement, but only a
first step along a process that will inevitably take
many years to achieve its full potential.
Nevertheless, it is at the beginning of the process
that timely consideration can be given to the
possible incentives and barriers that could mould
the directions of research, and affect access to its
results.

Clarifying the interplay among patents, innovation
and genomics could suggest one set of strategies
for encouraging the right kinds of research, and a
more equitable distribution of benefits.
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7
Notes

1 In 2004, the World Health Assembly officially
adopted the following definition of “genomics”:
the study of genes and their functions, and re-
lated techniques (WHA 2004, a57.16). See the
Glossary for definitions of terms used in this
report.

2 This is not to say that it accepts all of the con-
clusions of these reports. Rather, in terms of its
aims and the subject matter with which it is con-
cerned, the present report can be said to find its
place at the intersection of these three docu-
ments.

3 In this report, when we refer to developing coun-
tries, we refer broadly to countries, primarily in
sub-Saharan Africa, Latin America and Asia,
with a weak industrial base, and where a con-
siderable proportion of the population lives near
subsistence level. We acknowledge the short-
coming of this terminology, in light of the great
diversity among countries in this category—
diversity in health needs, economic develop-
ment and scientific capacity. Where possible,
we will try to point out where these factors make
a difference in terms of the impact of DNA pat-
ents.

4 As Clegg and Weatherall’s review points out,
there is a hypothesized relationship, with grow-
ing empirical support, between the
haemoglobinopathies and protection against
malaria, which provides clues about why these
conditions are prevalent in malaria endemic
areas.

5 See, for instance, the USA Department of En-
ergy Office of Science’s human genome project
information website, for a list of available ge-
netic tests: http://www.ornl.gov/sci/

techresources/Human_Genome/medicine/
genetest.shtml#testsavailable (accessed 8 March
2004).

6 Civil law does not take prior cases to be prec-
edent in the same way as the common law sys-
tem. While judges do refer to previous cases,
commentary plays a much more important role
in the civil law. So, while precedent is impor-
tant for common law system, doctrine is impor-
tant for civilians.

7 This being said, neither the United States Con-
stitution (Article I, Section 8) nor the United
States Code (Title 35, Part II, Chapter 10, Sec-
tion 101) distinguishes inventions from discov-
eries. The latter document states that: “Who-
ever invents or discovers any new and useful
process, machine, manufacture, or composition
of matter, or any new and useful improvement
thereof, may obtain a patent therefore, subject
to the conditions and requirements of this ti-
tle.” Courts have consistently interpreted Arti-
cle 101 as excluding natural phenomena, such
as principles, powers and products of nature.
O’Reilly v. Morse [56 U.S. (15 How.) 62 (1853)]
rejected Samuel Morse’s claim seeking a patent
on electromagnetism. Though he was the first
to harness it in inventing the telegraph, the court
argued that he had not invented electromagnet-
ism, which is a force of nature and thus not pat-
entable subject matter.

8 More specifically, they cover purified or iso-
lated genes, the protein coded for by a gene,
cells engineered to express the gene or protein
to detect or treat disease (Andrews, Mehlman
and Rothstein, 2002).
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9 For example, the British Society of Human
Genetics, the American College of Medical
Geneticists, the Human Genetics Society of
Australasia.

10 The patent holder may also opt not to use the
patented invention in countries where local laws
do not impose a working obligation. “Exclu-
sive” licenses do not always confer rights for all
uses. Sometimes an invention is exclusively li-
censed to multiple groups under different con-
ditions.

11 An agreement on a “common political ap-
proach” regarding the Community Patent,
reached at the Competitiveness Council of Min-
isters in Brussels on 3 March 2003, brought this
one step closer to realization. However, at their
meeting in March 2004, the Ministers failed to
reach agreement on the proposed Regulation,
primarily due to a lack of consensus on how to
treat infringements of patents that could arise
due to mistranslations. See Results of the Com-
petitiveness Council of Ministers (EC, 2004).

12 See USPTO website on Trilateral Studies,
http://www.uspto.gov/web/tws/sr-3.htm
(accessed 29 September 2004).

13 All WTO Member States are eligible to import
pharmaceuticals made under compulsory li-
cences abroad, but 23 developed countries have
already stated that they will not use this provi-
sion. All other members are eligible if they no-
tify the Council for TRIPS of their intention to
use the system as an importer.

14 TRIPS, as noted earlier, sets minimum stand-
ards for countries; it offers relatively little di-
rection on how to implement these norms. Any-
thing above these minimum standards falls
within a zone of “flexibility” (see South Cen-
tre, http://www.southcentre.org/info/
southbulletin/bulletin63/bulletin63-09.htm,
accessed 14 May 2004). In bilateral negotiations,
pressure has been brought to bear on develop-
ing countries to extend stronger IP protection
than what is required in TRIPS, i.e. so-called
TRIPS-plus provisions.

15 See, for example, http://www.bio.org/ip/
primer/patentsay.asp, accessed 1 April 2004.

16 In 2000, Myriad Genetics claimed to have in-
vested the equivalent of about 150 person-years
of effort and tens of millions of dollars into the
discoveries of these genes, and the development
of a highly automated and accurate clinical test.
The company has argued that this investment
would not have been possible without the po-
tential for patent protection on these discover-
ies. See Secretary’s Advisory Committee on
Genetic Testing (Vol. III), 7 June 2000. It is not
clear whether such figures would apply today,
several years after the initial identification and
sequencing of BRCA1 and BRCA2.

17 See Cutting-edge technology for low-cost di-
agnosis. Sustainable Sciences Institute
(www.ssilink.org/immunosensorhistory.html,
accessed 14 May 2004).

18 Law No. 9.279 increases the patent term to 20
years for all products and processes, and re-
moves prior prohibitions on the granting of pat-
ents for chemical products and processes for the
production of pharmaceuticals and foods. Law
No. 9.279 has an important affect on Brazil’s
ability to manufacture generics. Brazil can no
longer freely produce generic versions of phar-
maceuticals that are patented overseas. The ge-
nerics industry can, however, continue to pro-
duce generics based on products patented over-
seas before 1996. In addition Brazil has the op-
tion of issuing compulsory licences (see Glos-
sary, Appendix 1) to produce generics under
certain conditions.

19 Oxfam and the Consumer Project on Technol-
ogy defended Brazil’s position and contended
that the complaint threatened the most success-
ful AIDS treatment programme in the develop-
ing world. In June 2001, a compromise was
reached, where the United States agreed to drop
the complaint and Brazil agreed to give United
States officials advance notice before invoking
the provision.
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20 Article 18, item III, states that living beings, in
whole or in part, are not considered patentable.
Article 10, item IX, states that natural living
beings, in whole or in part, and biological ma-
terial encountered in nature or isolated includ-
ing the genome or germplasm of any natural
living being, are not considered as inventions.
The Brazilian Group states that if sequences of
DNA are interpreted as chemical products they
may be patentable.

 21 Ibid.

22 For instance, New Zealand’s Ministry of
Health, in a report to the Cabinet Policy Com-
mittee, concluded that Brazilian patent law con-
siders genetic material, even in a purified and
isolated state, as a discovery and therefore not
patentable; and in a paper presented for the Fron-
tiers of Innovation Research and Policy, Maria
da Graça Derengowski Fonseca and José Maria
F.J. da Silveira state that Brazilian legislators
have decided to allow patenting for genetically
modified organisms only (Fonseca & Silviera,
2002). Ladas & Perry LLP also state that the
patent law makes it clear that transgenic micro-
organisms are patentable. But they do not
specify whether genes and DNA sequences are
excluded from patenting.

23 See the Beijing Genomics Institute website
(http://www.genomics.org.cn/bgi/english/
1.htm, accessed 5 March 2004).

24 See China Daily, 2002.

25 Ibid.

26 See Chinese firms keen on patent application
for WTO entry, People’s Daily (2001).

27  Ibid.

28 Counting patent families can only provide a
rough guide of a nation’s technological activity
relative to other countries, because differing
national patent laws and customs can result in
higher levels of patenting in some countries than
in others. Because a patent generally offers pro-
tection only in the country in which it is issued,

and because it can be very expensive to apply
for patent protection in multiple countries, or-
ganizations are assumed to seek patent protec-
tion abroad only for those inventions they be-
lieve will have significant commercial value.
Comparing international patent families (in-
ventions for which patent protection has been
sought in more than one country) makes inter-
national comparisons more accurate and pro-
vides a more precise measure of technological
activity. A priority application refers to the first
application filed anywhere in the world and it is
generally assumed that the country in which the
priority application was filed is the country in
which the invention was developed.

29 See Science and engineering indicators, 2002a.

30 See Appendix table 6-15, Human DNA se-
quence patents: Number of international patent
families, by priority country and priority year.
Science and Engineering Indicators, 2002b.

31 See Achievements, Human Genetics and Ge-
nome Analysis (http://dbtindia.nic.in/
programmemes/progmain.html, accessed 26
February 2004).

32 See Biotech Desk. Biotechnology in India –
Initiatives by the Government (http://
www.biotechdesk.com/market4.php, accessed
24 February 2004).

33 Ibid.

34 See Patents Office India. Exclusive Market
Rights (http://www.patentoffice.nic.in/ipr/
patent/emr.htm, accessed 26 February 2004).

35 Ibid.

36 See Gene Campaign. International Trade
Policy (http://www.genecampaign.org/
about_us/impact_efforts.html, accessed 24 Feb-
ruary 2004).

 37 Although, as with Chinese and Indian pro-
grammes, there are aspects mainly aimed at ex-
port markets.
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38 The human genome, itself, is not currently pat-
entable. Some have claimed that the human ge-
nome is therefore safeguarded from the charge
of commodification, because it is only specific
sequences that are subject to patents. But this
protection is currently de facto, and is not the
basis of any principled distinction; there is noth-
ing within the current system that prohibits the
eventual allowance of large-scale patenting of
portions of the genome, or the genome in its
entirety. Moreover, since the genome just sim-
ply is composed of DNA sequences, a princi-
pled objection to the patenting of the genome
would seem to impose similar constraints on
the patenting of its components.

39 Groups such as the Action Group on Erosion,
Technology and Concentration (ETC Group),
however, have raised concerns that such guide-
lines establish national sovereignty over genetic
resources, thus reducing the rights of indigenous
peoples and rural communities and their deci-
sion-making capacity. According to the ETC
Group, a national level approach to benefit shar-
ing undermines customary systems of resource
exchange (for example seed exchange between
indigenous farmers). In response they call for
the reformulation of the Bonn guidelines to en-
courage governments to establish non-propri-
etary systems of benefit sharing, and for the CBD
to facilitate the establishment of a global
biodiversity fund  to support the conservation
and development of biodiversity in a manner
independent of IP rights (ETC, 2004).

40 In 1984, John Moore filed a lawsuit against the
University of California. While he was under-
going treatment for leukemia, his physician de-
veloped a medically useful cell-line against can-
cer, on the basis of which a patent was later ob-
tained and commercial profits earned on the
subsequently developed therapies. The Califor-
nia Supreme Court, in 1990, stated that donors

do not have “property rights” in the tissue
earned from their bodies, and that in fact such a
position would hinder research and access to
raw materials (Moore v. Regents of the Univer-
sity of California, 793 P.2d 479 [Cal. 1990])

41 In one respect, this represents a more technical
basis for arguing for the special status of DNA.
One version, as stated above, rests on DNA’s
essential difference from other natural products,
even those molecules that are similarly situated
in the human body. What this argument seems
to suppose, like the more technical argument, is
that DNA is fundamentally valuable, in a
“moral” sense, because it has a kind of “infor-
mational content” that separates it from other
kinds of chemicals. It is a molecule that encodes
instructions for every aspect of a cell’s function,
and for yet-unknown aspects of a person’s be-
haviour and identity. It is therefore the so-called
informational value of DNA that lends it its
special-ness.

42 See USPTO’s announcement of its new guide-
lines for assessing utility of genetic inventions
(http://www.uspto.gov/web/offices/com/
speeches/01-01.htm, accessed 8 March 2004).

43 See WTO (http://www.wto.org/english/
tratop_e/trips_e/intel2_e.htm, accessed May 12,
2004).

44 Countries where there are significant differences
in standards of invention between full patents
and petty patents tend to grant more petty pat-
ents. According to WIPO statistics, in 1999, for
example, China received 44 369 applications
for utility model patents, Korea received 30 650,
Germany received 23 584 and Taiwan received
17 954.
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Appendix 1
Glossary of terms

Benefit sharing the fair and equitable sharing of the benefits arising from the use of
genetic resources

Biopiracy the appropriation of the knowledge and genetic resources of farming
and indigenous communities by individuals or institutions seeking
exclusive monopoly control (usually patents or plant breeders’ rights)
over these resources and knowledge

Compulsory licensing a state-granted licence to a third party, not requiring approval from
the patent holder, allowing the licensee to exploit the patented inven-
tion

DNA (deoxyribonucleic acid); the biochemical substance that makes up
genetic material; a double-stranded molecule comprising two linear
chains made from four bases (A, C, G and T), together forming a
double helix

EST (expressed sequence tag); a short section of complementary DNA
sequence, where location and nucleotide sequences are known. ESTs
have applications in the discovery of new human genes, mapping of
the human genome, and identification of coding regions in genomic
sequences

Gene an ordered sequence of nucleotides located in a particular position on
a particular chromosome that encodes a specific functional product,
i.e. a protein or RNA molecule

Genetic patent (or DNA patent); a patent issued by any national patent office, which
claims subject matter relating to specific sequences of DNA, includ-
ing isolated genes, modified genes, etc., or any use or application of
such

Genetic testing DNA analysis to determine the carrier status of an individual; to di-
agnose a present disease in the individual; or to determine the indi-
vidual’s genetic predisposition to developing a particular condition
in the future
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International patent family a patent family consists of all the patent documents associated with a
single invention that are published in one country. An international
patent family consists of all the patent documents relating to an in-
vention for which patent protection has been sought in more than one
country. Counting patent families can only provide a rough guide of a
nation’s technological activity relative to other countries, because dif-
fering national patent laws and customs can result in higher levels of
patenting in some countries than in others. The comparison of inter-
national patent families (based on the assumption that organizations
seek patent protection abroad only for those inventions they believe
will have significant commercial value) makes international com-
parisons more accurate and provides a more precise measure of rela-
tive technological activity

Licence the exclusive or non-exclusive transfer (not assignment) of patent
rights to a third party, permitting the third party, under negotiated
conditions, to make, use or sell the patented invention

Patent a legal document providing an exclusive right to the owner for the
manufacture, use or sale of the invention claimed therein

Patent claim the text within a patent that specifies all the elements, features and
critical aspects of the invention

Patent scope the interpretation that is given to the patent claim, which determines
the boundaries or limitations of legal protection over the invention

Penetrance the probability that a genetic trait will be expressed. A genetic variant
may have “complete” or “incomplete” penetrance. The latter refers
to cases where having the particular genetic variant leads to a less than
100% likelihood of manifesting the condition

 Research exemption (or research exception); a doctrine that enables the unlicensed use of a
patented invention in pure research, which is usually interpreted as
non-commercial in its aim

 Research tool(s) the full range of resources that scientists use in the laboratory, e.g. cell
lines, monoclonal antibodies, reagents, animal models, growth fac-
tors, combinatorial chemistry libraries, drugs and drug targets, clones
and cloning tools, laboratory equipment and machines, databases and
computer software

RNA (ribonucleic acid); a single-stranded nucleic acid molecule compris-
ing a linear chain made from four bases (A, C, G and U). There are
three types of RNA: messenger (mRNA), transfer (tRNA) and ribos-
omal (rRNA)

SNP (single nucleotide polymorphism); DNA sequence variation that oc-
curs when a single nucleotide (A, T, C or G) in the genome sequence
is altered
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TRIPS-plus intellectual property systems that go beyond the minimum standard
required by TRIPS, i.e. systems that provide stronger intellectual prop-
erty protection to inventors than what is explicitly required under
TRIPS

Utility model (or petty patent); like a patent, grants a registered exclusive right to
the inventor to manufacture, sell or use an invention; the standards
required for protection (inventive step, novelty, industrial applica-
tion) and the level of protection offered are generally lower than with
patents; however, the application process is usually cheaper and quicker
because utility models may be granted without prior examination to
establish that above conditions have been met
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Appendix 2
Methodology

In November 2003, the Human Genetics
Programme commissioned the writing of a
background paper on the “impact of DNA patents
on access to genetic technologies and services for
the control and management of non-
communicable diseases in low to middle income
countries”, by McGill University’s Centre for
Intellectual Property Policy, Montreal, Canada.

This background document formed the basis for a
three-round electronic review process, initiated in
January 2004. Twenty-two individuals were
selected as Scientific Review Panellists, on the basis
of recommendations, demonstrated expertise, and
their record of publications in the area of genetics
or intellectual property rights. This work sought
to explore and to highlight the crucial issues
relating to intellectual property (particularly
patents) through the lens of public health, rather
than to produce official policy; the Scientific
Review Panel therefore comprises chiefly
academics, rather than policy-makers. Each of these
individuals formally agreed to participate in the
review process, and submitted a Declaration of
Interests form. Table 1 presents a complete list of
the members of the Panel.

The goal of the review process was to obtain critical
feedback from academics, representing a balanced
distribution across regions, and between sexes, on
the document. During the first round of the review

process, extensive feedback was received from
several reviewers, which led to a dramatic re-
shaping of the document. In general, the first round
of comments reflected a desire for a more detailed
exploration of the ethical issues relating to the
patenting of DNA sequences, and concrete
linkages between the issues addressed and the
specific needs of developing countries. The aim of
the review was not to achieve consensus at all costs,
or to privilege particular viewpoints; rather, it was,
as much as possible, to present the important issues,
including points of ongoing disagreement. The
report was re-drafted in line with the comments
received during the first round, and was sent back
to the reviewers. The second round of comments
were, in general, more specific—for example,
pointing to technical matters, and to the need to
clarify various arguments, as well as suggestions
for the inclusion of a glossary and list of
acronyms—rather than proposing the re-framing
or substantial alteration to the report. Changes were
again made by the editors on the basis of this
feedback, and a third version of the document was
sent out electronically for final review, including
to several WHO staff. This third and last wave of
comments comprised largely minor proposals for
clarification of terms, and alternative language for
some portions of text. These comments were
incorporated, and the final report underwent
professional editing and publication.
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Table 1
Scientific Review Panel

Name Institutional affiliation

Shaikha Al-Arrayed Gulf Genetic Center, Ign Al Nafees Hospital, Kingdom of Bahrain

Amir Attaran Centre for International Development & Kennedy School of Government, Harvard University,
United States of America

John Barton Law School, Stanford University, United States of America

Kare Berg Institute of Medical Genetics, University of Oslo, Norway

José Maria Cantu Genetics Division, Centro de Investigacion Biomédica de Occidente, Mexico

Jean-Jacques Cassiman Center for Human Genetics, Campus Gasthuisberg, Belgium

Mildred Cho Center for Biomedical Ethics, Stanford University, United States of America

Carlos Correa University of Buenos Aires, Argentina

Abdallah Daar Joint Centre for Bioethics, University of Toronto, Canada

Prabuddha Ganguli “Vision-IPR”, India

Cathy Garner Centre for the Management of IP in Health R&D, United Kingdom

E. Richard Gold Centre for Intellectual Property Policy, McGill University, Canada

Vladimir Ivanov Research Institute for Medical Genetics, Russian Federation

Patricia Kameri-Mbote International Environmental Law Research Centre, Kenya

Darryl Macer Eubios Ethics Institute, Japan

Patricia Aguilar-Martinez Laboratoire d’Hématologie, Hôpital Saint Eloi, France

Sisule Musungu South Centre, Switzerland

Victor Penchaszadeh Mailman School of Public Health, Columbia University, United States of America

Sandy Thomas Nuffield Council on Bioethics, United Kingdom

Lap-Chee Tsui University of Hong Kong, China

Ishwar Verma Department of Medical Genetics, Sir Ganga Ram Hospital, India

Huanming Yang Beijing Genomics Institute, Chinese Academy of Sciences, China

““

“
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