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ical research, many believe that its promise is still to be 
fulfilled, and the clinical benefits are so far scarce  [1, 2] . 
While much has been made of the impact of genomics on 
individual health (e.g. ‘personalized medicine’), much 
less attention has been placed on its impact on the public 
health and population level  [3, 4] , especially in the devel-
oping world. The emphasis has been on genomics ‘dis-
covery’ research rather than on how such discoveries 
could be integrated into practice and to evaluate its health 
impact among all segments of the population. Arguably, 
cataloguing the enormous range of genomic and pheno-
typic variation in human populations is fundamental to 
developing effective interventions at the level of the indi-
vidual patient.

  At the same time, and perhaps reflecting the public’s 
growing interest in maintaining health and participating 
in health-care choices, an independent advisory group 
has urged the UK government, for example, to integrate 
genomic medicine into its National Health Service  [5] . 
The government of Thailand has also embarked on a Thai 
single nucleotide polymorphism discovery project in or-
der to understand the genomic diversity of its population 
and utilize this information for improving the efficiency 
of its health care delivery system  [6] .

  Public health genomics is defined as the responsible 
and effective translation of genome-based knowledge and 
technologies for the benefit of population health. A sus-
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 Abstract 

 Genome-wide association studies and biobanks are at the 
forefront of genomics research and possess unprecedented 
potential to improve public health. However, for public health 
genomics to ultimately fulfill its potential, technological and 
scientific advances alone are insufficient. Scientists, ethicists, 
policy makers, and regulators must work closely together 
with research participants and communities in order to craft 
an equitable and just ethical framework, and a sustainable 
environment for effective policies. Such a framework should 
be a ‘hybrid’ form which balances equity and solidarity with 
entrepreneurship and scientific advances. A good balance 
between research and policy on one hand, and privacy, pro-
tection and trust on the other is the key for public health im-
provement based on advances in genomics science. 
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 Introduction 

 Despite the passage of more than 10 years after the first 
annotation of the complete sequence of the human ge-
nome, and its undeniable impact in accelerating biomed-
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tainable and equitable process from genomics research to 
public health interventions requires well-established eth-
ics standards and policies, especially in developing coun-
try settings. Research in this field should not only meet 
the highest ethical, legal and socially appropriate stan-
dards, but must also be accompanied by effective policies 
to ensure that products and outcomes are, as a minimum, 
targeting the greatest public health needs and also reach 
individuals in greatest need.

  Modern genomics research presents ethical and policy 
challenges which are different from traditional approach-
es in biomedical research. Genome-wide association 
studies (GWAS) and whole-genome sequencing, in par-
ticular, are 2 of the major approaches in genomics re-
search today, which may have important repercussions 
on public health. GWAS, which scan the genomes of 
thousands of people for known genetic variants in the 
form of single nucleotide polymorphisms, have proven 
highly successful in identifying variants associated with 
susceptibility to chronic diseases such as Alzheimer’s dis-
ease, type 2 diabetes and macular degeneration  [7, 8] . It 
has been reported that more than 300 associations have 
been made for more than 70 common diseases  [9] . At the 
same time, genomic biobanks are underlying much of 
modern genomics research. These banks link genomic in-
formation with clinical data, health outcomes and other 
information and are keys to both basic research and to 
facilitate translation into interventions which will ulti-
mately lead to public health advances.

  These advances also highlight the appearance of a ‘dual 
track’ in the scientific enterprise, which is based on both 
an infrastructure science (e.g. biobanks, cloud comput-
ing, health databases, etc) and the classic discovery sci-
ences (e.g. cell and molecular biology, proteomics, me-
tabolomics, etc). In this regard, infrastructure science is 
still underrecognized and underappreciated among sci-
entists and presents a formidable challenge for bioethics 
as it is based primarily on values such as citizenship, eq-
uity, individual rights, and solidarity; whereas classic dis-
covery science is often driven by individual entrepreneur-
ship and personal gain (whether acknowledged openly or 
not) or personal recognition.

  Informed by ethical requirements and needs, appro-
priate policies must also be developed to ensure that the 
fruits and benefits of the genomics revolution are effec-
tively applied to population health improvement in the 
developing world. The ethical and policy issues in these 2 
areas will be elaborated in more detail, albeit in a more 
selective rather than comprehensive fashion.

  Ethical Considerations 

 With the increasing visibility of GWAS and establish-
ment of biobanks, ethical concerns must be addressed in 
order to earn trust and develop informed partnerships 
between researchers and different segments of society. In 
addition to standard ethical, legal and societal issues as-
sociated with biomedical research more generally, public 
health genomics research poses special challenges in 4 
important areas: identifiability, informed consent, selec-
tion, and role of participants, and the reporting of results.

  Identifiability, in particular, has been a cause of con-
cern, as there is a worry that even small amounts of ge-
nome data can be potentially identifying for individuals 
(thus breaching confidentiality), may not be easy to ano-
nymize  [10]  and must thus be managed carefully in order 
to maintain public trust  [11] . The challenges around 
identifiability have increased significantly, as data and in-
formation are being collected from ever larger cohorts of 
participants (by several orders of magnitude) and retro-
spective analysis is being increasingly carried out.

  Informed consent, as understood in the traditional 
sense, has also become problematic because of the reality 
that genomic data has the potential to be utilized well be-
yond the original study  [10]  and that it is sometimes dif-
ficult to predict what future use could be made with col-
lected samples. Biobanks, which collect biospecimens ac-
companied by data on medical history, behavior and 
health outcomes, represent special problems around in-
formed consent and many ethicists have argued that tra-
ditional informed consent may not be sufficient  [12]  and 
that new approaches should be developed which provide 
for more flexibility and increased participation. For ex-
ample, a proposal has been made to give donors/partici-
pants more say in how the samples are used  [13] , which 
is based on more equitable partnerships between bio-
banks and participants. This approach uses a web portal 
to permit participants to control the information they 
provide, see how it is used and what new findings may 
mean for them  [13] . Such innovative approaches will 
strengthen the public’s trust in science and is especially 
important in the context of developing countries where 
biobanks are now being increasingly established  [14] , as 
exemplified by China’s Kadoorie Study of Chronic Dis-
ease and the Mexico City Prospective Study.

  With regards to selection of participants, an observa-
tion has been made that, although more than 1,000 GWAS 
have been performed, the large majority of the subjects 
involved are people of European descent  [15] . Such a 
‘sampling bias’ could be seen as an ethical issue as limited 
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racial and ethnic diversity may have implications for the 
benefits of such research to accrue to those who are most 
in need, especially populations living in the developing 
world  [15] .

  Also, a principle exists whereby there should be trans-
parent and accessible reporting of the results of medical 
research which, in the case of public health genomics re-
search, poses special challenges in relation to balancing 
research data access with privacy and protection of study 
participants  [16] . This concern has led to a suggestion for 
the establishment of a checklist to improve the reporting 
of genetic association studies, referred to as the STREGA 
statement (Strengthening the Reporting of Genetic As-
sociation Studies)  [17] .

  Other ethical challenges include sample ownership 
and unpredicted future use of collected samples and the 
extent to which research projects should support the pro-
vision of clinical care for research participants (particu-
larly where those projects involve case discovery).

  Policy Issues and Implications 

 Informed by adherence to sound ethical principles and 
concomitant concerns for social justice, appropriate pol-
icies must also be developed to ensure that public health 
benefits from advances in genomics science. Such policies 
fall into 2 broad categories: policies affecting health care 
delivery and policies which guide ongoing research in 
public health genomics.

  Introduction of health interventions derived from ad-
vances in genomics sciences to improve population health 
should be based on policies which should take some key 
issues into consideration. In addition to the obvious issue 
of cost, this includes population-oriented versus individ-
ualized focus, collective welfare versus the welfare of in-
dividuals, the risk of exacerbating health disparities and 
inequities of access, distributive justice, individual priva-
cy versus group rights, protection against genetic dis-
crimination and stigmatization (e.g. by insurance compa-
nies), and public deliberation and communication. The 
latter, in particular, should aim to improve the general 
knowledge of genomics among communities and develop 
tools to enhance the understanding, use and acceptance 
of new products of genomics research by the population. 
Technical matters aside, gaining public trust and confi-
dence is paramount, as genomics science has been high-
lighted as having nefarious potential, e.g. in the recent 
creation of potentially lethal pathogens  [18] .

  In the research arena, policies are needed, for example, 
which will: (1) support training of developing country re-
searchers not just in genomic sciences, but in other disci-
plines such as epidemiology; (2) ensure that research ad-
dresses the particular challenges of genomics research in 
developing country settings, including the balance be-
tween discovery-type research and implementation of 
practical applications derived from genomics science; (3) 
identify traditional knowledge and cultural practices 
around which new concepts in genomics can be built for 
integration into the understanding of developing world 
populations; (4) support development of guidelines for 
the regulatory aspects of genomics research and its use; 
(5) reduce inequities in research efforts and ensure ethical 
collaboration and equitable data access and sharing, data 
release and publication, including the vigilance to avoid 
exploitation from institutions in the more developed 
countries, and (6) building public trust and confidence in 
genomics research. Both policy and research priorities 
need to be defined so that developing world researchers 
can play leading roles in the generation and translation of 
knowledge for improving the health of their own popula-
tions.

  Public Health Genomics and Infectious Diseases 

 Against a background of sound ethics and effective 
policies, it is undeniable that the field of infectious dis-
eases has been well served by genomics research and that 
technological advances have had a very significant public 
health impact. These advances have resulted in an un-
precedented capacity to rapidly identify emerging and re-
emerging pathogens. Based on the increasingly huge da-
tabase of genome sequences of human and animal patho-
gens, rapid identification has also been accompanied, 
critically, by the ability to develop rapid diagnostic tests 
to aid in surveillance and implementation of public health 
containment measures. The rapid identification of a new-
ly emergent H1N1 influenza virus in 2009 is an excellent 
example, as is the more recent example identification of 
a new bunyavirus in China associated with severe fever 
with thrombocytopenia syndrome (SFTS)  [19] . In yet an-
other example, a ‘GWAS-like’ global network to study the 
genomic epidemiology of malaria brings together re-
searchers from 21 countries in a unique consortium 
which hopes to better understand genetic variation as an 
aid to eliminating the malaria parasite  [20] . In the context 
of the developing world, this approach has a significant 
potential on the impact of public health.
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  Future Outlook 

 The present review highlights the challenges faced 
when the ethics of science meets the demands of politics 
and public policy, and reinforces the reality that the fu-
ture of genomics must be seen in the context of the key 
drivers and determinants of health: biological, social and 
political. Ultimately, and as a necessary tool for future 

progress, what is needed is a more enlightened ‘hybrid’ 
framework of values that strives to combine such values 
as solidarity and equity with scientific progress and indi-
vidual entrepreneurship. Such a framework is needed if 
genomics is to fulfill its potential in relation to its unprec-
edented predictive, preventive, personalized, and partici-
patory powers.
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