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Developing biobanks
in developing countries
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We call for the development of human biobanks in developing countries and describe several examples
from low income countries which are already building their own biobanks. Developing human biobanks
in developing countries requires strengthening of the research capacity to use the new technologies, as
well as a shift in research investment priorities in order to reduce the inequity in international research
that currently exists. A responsible approach from low-income countries to ethical issues will be another
pre-requisite to the success of the ‘hypothesis-free’ research that will target the needs of the world’s poor.

T

he sequencing of the human genome, completed
and reported a decade ago, increased the potential
of what could be described as a ‘data-driven’ or
‘hypothesis-free’ approach to biomedical research (1,2).
The rise of powerful new technologies for high-throughput
analysis of human genetic material resulted in an avalanche
of genome-wide association studies (GWAS), which currently contribute to an unprecedented progress in assigning ‘biomedical‘ functions to human genes (3). With massively increased capacity for studying human genetic
material, which grew by several orders of magnitude over
the past decade, while falling dramatically in price (4,5),
we can now measure human genetic make-up more precisely than other human traits or environmental exposures
that were traditionally studied in biomedical research –
such as dietary habits, blood pressure or biochemical studies of the levels of proteins in the blood (4). Thus far, companies such as Illumina and Affymetrix have managed to
provide tools in a form of chip-based technology, which are
helping to understand common human genetic variation.
Soon it will be possible to sequence the entire human genome, letter-by-letter, at a price under US$ 5000 (€ 3575),
and the key limit to further biomedical discoveries may be
imposed by the limited capacity of contemporary computers to handle this massive amount of information (5).
In addition to this progress, great advances were made in
the high-throughput analysis of so-called ‘-omics’ traits –
thousands of circulating molecules and metabolites that
were jointly named the ‘metabolome’, ‘proteome’, ‘lipidome’, or ‘glycome’ (6–8). An explosion of information
that can now be collected and analysed for each individu-
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al led to the development of large ‘human biobanks’, the
largest of which are catalogued by the Public Population
Project in Genomics (or P3G) (9). These are repositories of
human DNA material and plasma samples collected from
large number of individuals and stored anonymously along
with other information on their lifestyle, diet, anthropometric and physiological measurements, genealogies and
psychological well-being. These biobanks all have several
things in common. Firstly, they share the principle of adherence to rigorous ethical principles for recruiting participants and for using and handling the collected information. Secondly, they are very large and store information on
many (tens of) thousands of individuals. Thirdly, they provide researchers with an opportunity to maximise the research and clinical and public health translation potential
from the new high-throughput research technologies,
which require such biobanks to generate important new
health knowledge.
Biomedical research that relies on the application of highthroughput technologies in human biobanks can be described as ‘data driven’, ‘hypothesis-free’ science. Traditionally, the advancement of science relied on the accumulated,
existing knowledge, which was then used by the researchers to generate and test further hypotheses, thus advancing
their field further. This alternate paradigm of biomedical
research that relies on human biobanks is not dependent
on ‘a priori’ hypotheses, because it can simply apply rigorous statistical methods to search for apparent associations
between thousands or millions of variables that were measured simultaneously in a very large sample of participants,
using exceptionally precise (and increasingly inexpensive)

measurement tools, while correcting for and discarding
false positive results expected due to multiple testing (10).
What is so appealing about this ‘hypothesis-free science’?
Firstly, it is virtually free of human bias, opinion, or imbalanced interpretation. It is typically based on extremely accurate measurements, often using very large sample sizes
generated through international collaboration of many centres that applied the same measurement methods and a
common analysis plan, so that the results are directly comparable, relatively free from bias and confounding and not
subject to sampling variations due to small sample sizes.
Many recent successes of this ‘hypothesis free’ approach
have also exposed that the science of the 20th century –
where many small research groups were working in isolation from each other, using small sample sizes and publishing their results independently of each other – was much
more likely to report false positive results (11). It was quite
an embarrassment to the field to realize that the vast majority (more than 95%) of the reported results on associations between genes and human traits and diseases in the
period before 2007, when the rise of genome-wide association studies begun, were not replicable in much larger
and better designed studies (11). Secondly, and equally importantly – ‘hypothesis-free’ studies do not depend on previous knowledge, thus allowing large leaps forward in scientific discovery, and unexpected and exciting new
breakthroughs in understanding (12). However, there is
still an important place for hypothesis-driven experiments
in following up these findings to understand their full significance in terms of improved knowledge of underlying
pathophysiological mechanisms or their health impact if
translated into clinical guidelines or public health action.
However, the current state of ‘hypothesis free’ science that
relies on human biobanks is not free from concern. A quick
look at the biobanks listed in the P3G observatory shows
that nearly all of them have been developed to address the
health problems relevant to the minority of people living
in wealthy countries, mostly the complex chronic noncommunicable diseases of late onset. This reflects the disease burden in these countries and also the potential for
research commercialization to address these problems. Ten
years after the human genome has been sequenced there

are still hardly any biobanks in low and middle income
countries. Even among those that exist, only a few seem to
address the problems of the poor, which contribute to the
majority of global burden of disease. A recent study showed
that that nearly all the progress made by the powerful new
high-throughput research technologies was currently confined to wealthy countries and their health needs (13).
The human genome has been shaped through continuing
struggle of humanity to survive among many other species
and in challenging environmental conditions. The strongest effect of human genes should therefore be expected to
ensure successful conception and intrauterine growth and
development, safe and full-term delivery and resistance to
infectious diseases of childhood and early adulthood.
These were historically the main selective pressures that
could significantly shape the human genome. They are also
still the main contributors to the burden of disease in many
developing countries today, but they have not yet been the
main focus of interest of human biobanks. The diseases that
are currently being studied by the wealthy nations would
have been almost entirely ‘invisible’ to selection pressures.
This may be one of the reasons why the results of genomewide association studies have not yet found strong genetic
effects that could be easily translatable into clinical practice
and commercialized (14). Because of this, some opinion
leaders are beginning to question this approach (14,15).
We believe that research into health problems of low income countries and the poor may be a better placed endeavour for human biobanks, and it may result in more obvious successes. Some experts have already proposed this,
too, based on other considerations, such as needs, feasibility and equity (16–18). We call for the development of human biobanks in developing countries, and praise several
examples from low income countries which are already
building their own biobanks (19,20). However, this will
require strengthening of the research capacity in many lowincome countries to enable them to use the new technologies. It will also require a shift in research investment priorities in order to reduce the inequity in international
research that currently exists. Finally, a responsible approach from low-income countries to ethical issues will be
another pre-requisite to the success of the ‘hypothesis-free’
research that will target the needs of the world’s poor. We
explore this topic in the viewpoint (21) and two research
articles in this issue of the Journal (22,23).

We believe that research into health problems of low income countries and the poor
may be a better placed endeavour for human biobanks, and it may result in more obvious successes.
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The diseases that are currently being studied
by the wealthy nations would have been almost entirely ‘invisible’ to selection pressures. This may be one of the reasons why
the results of genome-wide association
studies have not yet found strong genetic effects that could be easily translatable into
clinical practice and commercialized.
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8. Lauc G, Essafi A, Huffman JE, Hayward C, Knežević A, Kattla JJ, et al. Genomics meets glycomics-the first
GWAS study of human N-glycome identifies HNF1a as a master regulator of plasma protein fucosylation.
PLoS Genet. 2010;6:e1001256.
9. Public Population Project in Genomics. P3G Observatory.
Available at: http://www.p3gobservatory.org/. Accessed: 21 March 2011.
10. de Bakker PIW, Yelensky R, Pe’er I, Gabriel SB, Daly MJ, Altshuler D. Efficiency and power in genetic association studies. Nat Genet. 2005; 37:1217–1223.
11. Ioannidis JPA, Ntzani EE, Trikalinos TA, Contopoulos-Ioannidis DG. Replication validity of genetic association studies. Nat Genet. 2001;29:306–309.
12. Hunter DJ, Kraft P. Drinking from the fire hose: Statistical issues in genomewide association studies. N Engl
J Med. 2007;357:436–439.
13. Rosenberg NA, Huang L, Jewett EM, Szpiech ZA, Jankovic I, Boehnke M. Genome-wide association studies
in diverse populations. Nat Rev Genet. 2010;11:356–366.
14. Becker F, van El CG, Ibarreta D, Zika E, Hogarth S, Borry P, et al. Genetic testing and common disorders in a
public health framework: how to assess relevance and possibilities. Background Document to the ESHG recommendations on genetic testing and common disorders. Eur J Hum Genet. 2011;19 Suppl 1:S6-S44.
15. Rudan I, Rudan P. From genomic advances to public health benefits: the unbearable lightness of being stuck.
Coll Antropol. 2004;28:483–507.
16. Sgaier SK, Jha P, Mony P, Kurpad A, Lakshmi V, Kumar R et al. Public health. Biobanks in developing countries: needs and feasibility. Science. 2007;318:1074–1075.
17. Singer PA, Daar AS. Harnessing genomics and biotechnology to improve global health equity. Science.
2001;294:87–9.
18. Daar AS, Thorsteinsdóttir H, Martin DK, Smith AC, Nast S, Singer PA. Top ten biotechnologies for improving
health in developing countries. Nat Genet. 2002;32:229–232.
19. Sirugo G, Schim van der Loeff M, Sam O, Nyan O, Pinder M, Hill AV et al. A national DNA bank in the Gambia, West Africa, and genomic research in developing countries. Nat Genet. 2004;36:785–786.
20. Matimba A, Oluka MN, Ebeshi BU, Sayi J, Bolaji OO, Guantai AN, Masimirembwa CM. Establishment of a
biobank and pharmacogenetics database of African populations. Eur J Hum Genet. 2008;16:780–3.
21. Rudan I, Chopra M, Aulchenko Y, Baqui A, Bhutta Z, Edmond K, et al. Case for launch of an international
DNA-based birth cohort study. Journal of Global Health. 2011;1:39–45.
22. Rudan I, Campbell A. Systematic review of birth cohort studies in Africa. Journal of Global Health 2011;1:46–58.
23. McKinnon R, Campbell H. Systematic review of birth cohort studies in South East Asia and Eastern Mediterranean region. Journal of Global Health. 2011;1:59–71.

Correspondence to:
editors@journalofglobalhealth.org

4

June, 2011 •

Vol. 1 No. 1     www.jogh.org

