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Abstract

Traditionally, biomedical research endeavors in low to middle ressucountries have
focused on communicable diseases. However, data collected oveasth2Opyears by the
World Health Organization (WHO) show a significant increaseh& number of people
suffering from non-communicable diseases (e.g. heart disease,tedjalmancer and
pulmonary diseases). Within the coming years, WHO predicts signifidecreases |n
communicable diseases while non-communicable diseases are expeaitetle in low and
middle income countries in sub-Saharan Africa. The predicted incrneagbe non-
communicable diseases population could be economically burdensome for the¢ bas
healthcare infrastructure of countries that lack resources tessddinis emerging disegse

burden. Biomedical research could stimulate development of healthodrébiomedic
infrastructure. If this development is sustainable, it provides an apyiyrto alleviate th
burden of both communicable and non-communicable diseases through diagnosisi
and treatment. In this paper, we discuss how research using biomestibalblogy
especially genomics, has produced data that enhances the undersgatiingatment
both communicable and non-communicable diseases in sub-Saharan Afacéurthe
discuss how scientific development can provide opportunities to pursuechesmaa
responsive to the African populations. We limit our discussion to bioniedsearch in th
areas of genomics due to its substantial impact on the saesdiinmunity in recent years
however, we also recognize that targeted investments ingutieettific disciplines could algo
foster further development in African countries.
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Background

Advances in medicine using recent biomedical technologies, novel cheapshtc
interventions and treatment regimens has allowed for rapid diagaodistreatment of



diseases, thus prolonging life for a significant number of pgapt. This is demonstrated
by the substantial increase in the global life expectancytatibithe past 20 years. Globally,
male and female life expectancy has increased from 56.4¢r81a2 yrs respectively to 67.5
yrs and 73.3 yrs in the decade from 1990 to 2010 [3]. In sub-Saharan AS%R),
substantial reductions in childhood mortality, through the introduction ef diving
antiretroviral therapy and other preventative measures againshunicable diseases are
credited with the observed increases in life expectancy [3]. \@&eglebal life expectancy is
the standard metric to measure the progress of countries towmtthting disease resulting
in prolonged life, another statistic, the healthy life expegtdHALE) summarizes mortality
and non-fatal outcomes of disease (e.g. longevity) in a singisureof averaged population
health [4].

In 1990, countries with the lowest HALE for both sexes were ik &&ept for Afghanistan

[4]. Similar to life expectancy, HALE for a person at age faroved in the past 20 years
(i.,e. 1990 to 2010) for most countries, including many in SSA [4]. Axasas in life
expectancy occurred, years lived with disability (YLD) remailaedely unchanged over the
same 20-year period [5]. Life expectancy, HALE and YLD demondtnatesuccess has been
mixed because: 1) as life expectancy has increased globallyriesuimt SSA are at the
bottom of this and other measures and 2) the majority of diseases which have caused YLD
remain relatively unchanged are non-communicable diseases (NCibs) same
communicable diseases (e.g. antiretroviral therapy for individhale improved and
increased the lifespan of many living with HIV/AIDS) [5].

With the observed increase in life expectancy, one could properly Heke genomic
technologies contributed to this increase globally? If biomedeehnblogies, especially
genomics have contributed to the increase in global life expsgctaiscwould be one major
justification for increased investment of these technologies A 8Bhough communicable
diseases have decreased in SSA, the major challenges for tifewmealecades will include
health issues associated with NCDs. Significant increase&ls Yor people living in SSA
with well managed chronic conditions due to NCDs and infectious eés&all also become
a challenge [5]. Biomedical science can play a role in combatiegise in NCDs and
chronic conditions. For instance, biomedical science has the potentiaptove the quality
of life for many by identifying the optimal treatment mnagins for several conditions [6-8].
Furthermore, the application of biomedical research to solve vexaidepns has led to the
creation of new fields of scientific inquiry and expansion of otlheasaspurring innovation
[9,10]. In fact, publication of the human genome sequence has revolutionizedinmedi
allowing the characterization of novel disease-related genetiant@r In this capacity,
genomics (i.e. elucidating disease states by using technolbgitesharacterize human and
also non-human genomes) can be a very useful tool to further address coafmeuand
non-communicable diseases in SSA because investments in biotechnatpggiaky
genomics, have significantly impacted other regions. Although ineggsmin genomic
technologies have increased in other regions of the world, scientietg- to middle-income
countries that could utilize these technologies to improve health gmerimte equity are
concerned that the commercial development of genomic technolodiewigen the gap
between the developed and the developing world [11]. This concern wasigstbby the
World Health Organization (WHO) over a decade ago; the WHO cssionied the report
Genomics and World Health in recognition of the potential and significant positive and
negative impacts genomics could have on global health [12]. A decad¢haftWHO report
was published, large-scale investments in biotechnology and human gestadies have
been made by Mexico, India, China and Thailand producing both economic antifisci



dividends which we suggest have had a beneficial effect on |ieceancy [2,13-15]. Within
these countries an increase in life expectancy has been obserebdcahibe attributed to
medical innovation sparked by biotechnology and genomics (large sealgnation
programs), non-medical programs (continued education, improved liteedeyof the
population) and other factors [16]. The factors necessary foremapment and sustained
utilization of large scale biotechnology including genomics, to ldpvesustainable
economies are thoroughly discussed by Singer, Daar and colle2gl@47,18]. This paper
will express similar themes and focus on how biomedical researchddress communicable
and non-communicable diseases in Africa.

Communicable diseases

Globally, deaths from communicable diseases, and maternal, nemmataltritional causes
decreased by ~ 2.7 million from 1990 to 2010 (from 15.9 million deaths to 1i8i@m
deaths respectively) [19]. Notwithstanding, this observed decreaseedths from
communicable diseases, Southeast Asia and Africa togetherSB®seof the total global
burden of disease while accounting for only 40% of the world’s popul§@n With the
significant decrease in deaths from communicable diseases, s8bAaccounts for a
significant burden of communicable disease worldwide [20]. Iniaghgt the decrease in
deaths from communicable, maternal, neonatal, and nutritional causesieves significant
reductions in several diseases (i.e. diarrheal diseases, lesygratory infections, neonatal
disorders, measles and tetanus) which reflect scaling up ofiegféreatments and utilization
of technologies to combat these disorders associated with povertpfh8}. communicable
diseases including HIV/AIDS and malaria, contributed to a massivease in deaths from
1990 to 2010; however, this increase did not affect the overall decreaseenb$rom
aggressive scaling up of medical interventions for children (0-)2 which were the major
age group that died from communicable diseases [19]. The sigmifieduction in child
deaths associated with communicable diseases has increased univexgpklitancy.

Biomedical and genomic technologies have been used to derive hostepegkdionships
(e.g. between human-parasite, parasite-vector, and human-vect@actiotes) that have
significantly increased our understanding of these complex iti@mac [21,22].
Traditionally, fieldwork has occurred in SSA to sample zoonotic ovectparasites and
infected humans in the areas where outbreaks have occurred. Fieldwalohaed sample
collection resulting in the genomesRiismodium falciparum [23], Trypansoma brucel [24],
Leishmania major [25], and Schistosoma mansoni [26] being sequenced with additional
molecular, biochemical and bioinformatics analyses [27]. For instalata acquired from
those scientific endeavors have been used to develop new theaasekistosomiasis [28],
trypanosomiasis [29] and malaria [30], using both genomics and tradlisgppaoaches,
which have decreased the burden of disease in SSA. Currently,chessaare testing
combinations of malaria treatments to find regimens suitablehitdren and also to identify
the development of drug resistance in malaria [6]. Another technotbgygenome-wide
associations study (GWAS), has been used to provide genetic casdadates development
of control measures against malaria [6,31]. Samples collecteaydawibreaks have yielded
new discoveries about both the infectious agents and population susdegstibMioreover,
systematic analysis of samples collected during outbreaks léege vector and parasite
collections) has allowed for determination of parasite suschfytibsing pharmacological
compounds [32]. In the future, investigation of genetic diversity of betboy and parasites
within the environment using genomics will shed light on the distribugpidemiological
importance and evolutionary history of malaria vectors in thec&frirainforest [33]. Many



of these new efforts, in which genomic technologies were utilzedvestigate malaria and
other infectious diseases, are being led by African investgyatoAfrica and they include
chemotherapeutic interventions [6,33-35]. Publications highlight the emgeegidence that
African scientists, with support from local and international pastnare starting to set a
research agenda for the continent. The aforementioned examplesashdwin various
publications include: 1) improved diagnosis, 2) scaling up of treatr@geetucidation of the
development of drug resistance in unicellular organisms, 4) eludati human genetic
variants that affect drug metabolism, and 5) development of gertooig for population-
level analysis of parasite and human [14,36]. In the field of imfestdisease, application of
genomics technologies has been instrumental in the elucidation cbmtmglex biology of
infectious agents and how they interact with hosts [37].

In addition to malaria, African scientists have used genomic techasl{guch as GWAS) to
characterize HIV/AIDS in SSA, which has gained significaneérdaion from researchers
inside and outside SSA [7,38]. Genomic analysis of both African and noaAf
populations have found that several genetic variants (e.g. chemokingorsceHLA,
mannose-binding receptor and other genes) can provide increased resistsusxeptibility
to HIV infections (Table 1) [7]. Africa could offer more resdampportunities on HIV
explicating the roles of these variants in HIV infections to owprprevention, care, and
treatment prospects for individuals at risk of the disease [2®]leTl provides examples of
GWAS and other studies pertaining to HIV, malaria, and tuberculdsishwised mostly
African and African ancestry populations (e.g. African Amans in the United States).
Population-based genomic analyses has produced data about genefitibslilyc® disease
and illuminated population-specific preventive approaches that couldeadec HIV
infections. Similar to the emergence of African investigatarshe field of parasitology,
many investigators on the African continent continue to elucidate biblbgy, treatment,
transmission and also the effects of HIV on culture, social atigma other negative societal
issues of the disease [40-42].



Table 1GWAS of African and African ancestry populations on communicable diseasexbtained from the National Human Genome
Research Institute catalogue of published genome-wide associationdiks (GWAS)

Disease Sample size Replication sample size Genes Ref

HIV (mother-to-child 100 Malawian infant cases, 126 Malawian infanhNR NS [43]

transmission) controls

HIV-1 susceptibility 848 Malawian cases, 531 Malamtontrols NR AL591509.5, GLRX3, TXNL3, FAM174B, AC009271.7, [44]

ZDHHC19, BUD13

HIV-1 viral setpoint 496 HIV-1 infected individuats African NR VEGFC, EPHAS5, HIST1H4A, AL391500.13, KB-67B5.12,  [45]
ancestry; 302 HIV-1 exposed and uninfected CMTMB8, AC095058.3, AC087190.5-2, DNAJC5B, ZFP90,
individuals of African ancestry MAD2L1, HSP90AB3P, Intergenic chr 2, GALNT14

Malaria 958 Gambian cases; 1,382 Gambian contatils; 1,087 Gambian cases; 2,376 Gambian  HBB, SCO1, DDC [31]
children controls, all children

Tuberculosis 921 Ghanaian cases; 1,740 Ghanaiarotgn 1,226 Ghanaian cases; 3,825 Ghanaian GATA6,CTAGE1,RBBP8,CABLESL [46]

1,316 Gambian cases; 1,382 Gambian controlscontrols; 236 Malawian cases; 779 Malawian
controls; 332 Ghana parent/child trios and
duos

NR not replicated, NS not significant.



We highlight genomics- and biotechnology-related research thatseasto characterize and
comprehend communicable diseases and demonstrate that this ressaatdoHed the way
for substantial advances and improvements in the health of populationsAinNM&®y
countries (e.g. India, Brazil and China) have addressed communicalaleedisyy developing
robust biotechnology industries [47,48]. Development of biotechnology (e.g. genomic
research, and biopharmaceuticals) allows countries to benefit eaalgniy lowering the
cost of health-related products for local populations [48]. Globally, ldewent of
biotechnology has been a factor in increasing health and life exjggdh SSA, so we argue
that a substantial investment in this area will produce sigmifibenefit for SSA. We suggest
that a similar model focused on chronic conditions could substantidityatei the increases
in NCDs as reported by tt&obal Burden of Disease 2010 report [37,49,50].

Non-communicable diseases

Communicable diseases account for the plurality of deaths in rAfmgan countries;
however, there is a need to increase biomedical researchanetd® of NCD. The burden of
NCDs (e.g. heart disease, diabetes, some cancers and pulmonasg)Xe® expected to
double in low- and middle-income countries within the next few dec&d¢sThe number of
deaths from NCDs rose in 2010 by almost 34.5 million globally ashslezdused by
communicable diseases decreased [19]. It is predicted that thlechea systems of these
countries will not be able to support the treatment of NCDs &ofle Cell Disease (SCD))
especially in African countries in which the health infrastriectis taxed by infectious
diseases [51]. The increase in chronic diseases would suggestsabatinment of priorities
is needed in which substantially greater focus should be on mitighBngrojected increases
in NCDs in SSA. We argue that genomic technologies can béigfiain populations in the
area of non-communicable diseases by briefly discussing the krgmwisdentists have
gained about NCDs using these technologies.

GWAS and other genomic technologies have had considerable influenice @lentification
of genetic variants associated with NCDs. Several GWAS obd\ikave been conducted
with African and African ancestry populations. Asthma is a compNIED that significantly
affects both the young and old [52]. In the countries in which asthmlehesplored, many
have reported that hospitalizations for asthma are 2—-3 times liagh&frican and African
ancestry populations compared to other ethnic groups [52,53]. GWAS explugingnetic
basis of disease in African ancestry populations have identifienladegenes associated with
asthma susceptibility (Table 2). GWAS have found that differenetgsnvariants were
associated with asthma susceptibility in children of European anttaAf ancestry
suggesting different biological mechanisms could be at the baamsttoha susceptibility in
these diverse populations [54,55].



Table 2GWAS on non-communicable diseases in African and recent African andeg populations obtained from the National Human
Genome Research Institute catalogue of published genome-wide asation studies (GWAS)

Disease/Trait Sample size Replication sample size Genes Ref
Asthma 422 cases; 1,533 controls 3,750 white c48365 white controls; 592 white trios; PDE4D [55]
1,903 black cases; 2,432 black controls; 929 biackly
members
Asthma 464 African American cases; 471 African 994 European descent cases; 1,243 European desogrtls; NS [56]
American controls; 1,028 African Caribbean 2,331 African descent cases, 2,874 African desoemirols
family members (includes family members)
Asthma 793 European ancestry child cases; 1,988 917 European ancestry child cases; 1,546 Europezsestly DENNDI1B, CRB1 [54]
European ancestry child controls child controls; 1,667 African American child cas2€)45
African American child controls
Asthma 2,088 European American cases; 1,612 Afric&n727 European American cases; 2,147 African Araerand GSDMB, IL1RL1, TSLP, IL33, [57]
American and African Caribbean cases; 1,688African Caribbean case; 2,299 Latino cases PYHINL, Cllorf71, CRCT1
Latino cases
Sickle cell anemia (severity) 177 African Americsgvere patients; 1,088 68 severe patients; 95 mild patients NS [58]
African American mild patients
Sickle cell anemia (HbF modifiers) 2040 African Atigan sickle cell anemia NR BCL11A, HBSIL-MYB [59]
patients
Podoconiosis 194 cases and 203 controls from Africa 202 family trios (two parents and one affecteddHor HLA-DQA1 [60]

family-based association testing; 94 cases anda#als for
HLA-typing

NR not replicated, NS not significant.



Unlike asthma, the primary genetic variant underlying SCD hes iaentified, but the tools
of GWAS are being used to determine the nature of the genetidien®dissociated with
phenotypic diversity in SCD. SCD is the most common monogenic dissasering at its
highest frequency in SSA [61]. As an illustration, people sufferimgm SCD will increasing
effect public healthcare systems in SSA; it is predidiad 312,000 neonates with SCD are
born globally with ~240,000 of those births being in SSA [62]. The combined piomslatf
births of heterozygous and homozygous carriers of the SCD gene mutdid8 I3
estimated at ~3.6 million and for HbSS ~240,000, respectively, produciegtanated ~4
million live births per year with SCD gene mutation [62]. In tbégpacity, SCD and other
hemoglobinopathies represent a health burden comparative to that otinmainte diseases
in SSA [63]. An example of effective application of genomic teabpplfor SCD in SSA
could be the wide scale early diagnosis and preventive treatm&@f along with other
hemoglobinopathies and monogenic disorders. The burden of SCD is dispropeistionat
located in Africa; thus, prioritizing diagnosis, treatment and prigwe for the low- and
middle-income countries would be an effective means of bridgingapéetween these and
high-income countries. Furthermore, introduction of preventive genetic metboldsas the
utilization of DNA technology in childhood disease screenings to ifglechusal genetic
variants would be beneficial to populations in SSA and considered an apgrqmint of
entry for genomic technologies [11]. An example that occurred i IS Cameroonian
center that recently introduced detection for SCD; this seofiegs reproductive options to
families [64].

Moreover, genes implicated in SCD severity have been shown to mofiiitdteemoglobin
(HbF) levels and were confirmed by GWAS in African and Afri@ncestry populations
[65]. A study showed that the 3 loci described in other populationstieat HbF levels and
clinical severity has a significant impact in Tanzanian paigf]; however, some variants
affecting HbF in Tanzanians are not well represented in Eurguganations. This and other
similar findings suggest that there is a need to search faicaddiloci through independent
GWAS in African populations [66]. Identifying loci that affecbH levels and, consequently,
disease severity could be used to anticipate one’s ability to préthieérom birth, and plan
in advance the introduction of treatment (e.g. hydroxyurea, a dnighwas been shown to
increase concentrations of HbF) to reduce the negative impactihf\vd@ich could include
pain crises, acute chest syndrome and severe anemia resultigpd transfusions [67].
Interestingly, evidence supports asthma and SCD as distinct codnmonditions in which
the underlying mechanisms of phenotypic variations of the two diseagksbe similar [68-
70]. Table 2 lists GWAS studies that have found associations fetigefariants in NCDs.
For both asthma and SCD, the complexity of the phenotype would subgésgenetic
heterogeneity is a major contributor to the clinical sevamityoth diseases. Furthermore, the
diversity within African populations can lead to a comprehensive desization of genetic
variants associated these both asthma and SCD.

Another NCD, Podoconiosis also called non-filarila elephantiasis dber leg, occurs in
SSA because of environmental exposure to soil. Recently, fansbdbassociation study
using GWAS was conducted to elucidate the genetic underpinnings of podacohlos
study, focused on continental African population groups, found geneticpsibditg to
podoconiosis [60]. In addition to identifying genes associated with NGDsh as
podoconisosis, GWAS has been used to identify treatment outcomes bagatbtypes for
NCDs. Overall; genomics-related biomedical research has dvéetter picture of the
genetic underpinnings and molecular biology of many of these disedseh affect SSA
populations.



The Global Burden of Disease 2010 reported substantial increases in cardiovascular disease;
ischaemic heart disease, stroke and chronic obstructive pulmonaagelisere among the
leading causes of death globally [19]. In SSA, many have reaynimt cardiovascular
diseases are a significant contributor to mortality; for exampl Kenya, acute myocardial
infarctions are not uncommon [71]. Tanzania has observed a signiffcastise in the
number of deaths for cardiovascular disease (from 16% in 2003 to 24% in[Z@D7N
hypertension, genetic variants found in African ancestry populationaiss@ciated with
differential responses to antihypertensive drugg. thiazide diuretics) commonly used to
regulate blood pressure [73]. These genetic variants offer waydistmguish good
responders (patients that show improvement on diuretics) from non- orgspanders
(patients with a negative response to diuretic mediations faréaement of hypertension)
which provide information on how best to treat hypertensive patientsauBecof this
escalating dilemma faced by low- to middle-income countnie33A, considerable resources
will be needed to address the observed and impending ballooning of (d8@Dlypertension
and cardiovascular diseases) in the coming decades [19,72].

The observed increases of NCDs for the past 20 years (1990 to 20H@earefactors that
include demographic changes leading to a rise in the proportion of pedgtdhan 60 years
[4,19]. This continued increase in life expectancy has not been homogghaoaisy among
age groups [3]. The heterogeneous distribution of life expectancy gldizalyesulted in an
increase in people living longer with chronic conditions in SSA [74le Bcale of the
challenge posed by the combined and growing burden of chronic infecteesses and
NCDs, including genetic conditions, demands an extraordinary responséethabSA
countries currently provide. With the increase in life expectaneytdupositive treatment
outcomes and increased prevention of disease, SSA will incresagmpulations of the
chronically ill in the coming decades. This situation is illusglaby WHO data indicating
that life expectancy has risen; however, YLDs has remainedaringlobally [5]. We
suggest that biotechnology and genomics can be used to address mtrey isfues
associated with NCDs, similar to their use in infectious dseasearch. Also, a gradual
increase in resources available to understand NCDs, while alsessithdy communicable
diseases, is needed [75]. Essentially, we envision a model in whictheaburden of
infectious diseases decreases, would create an opportunity tosencesarch focused on
NCDs.

Challenges for genomics research in Africa

The present state of genomic research in Africa is imfency; nevertheless, substantial
biomedical research continues to occur in the areas of agricugaretics, biomedical
science and several other areas [17]. Excluding South Africarobstinding amounts to <
5% of GPD indicating that the majority of funding for scientifesearch, training and
infrastructural development occur through support from high-incom@tdes [76]. Many
have suggested that the influx of donor money to support African redeasdad a negative
impact in which relatively wealthy nations (e.g. Nigeria amdy@la) do not invest in funding
to support biomedical research [77-79]. However, it must be acknowlekdgedignificant
infrastructure exists in Africa for biomedical research. Ghallenges that exist for genomics
research in Africa include improving infrastructure, and creatimd) maintaining sustainable
collaborations that are currently present on the continent.

Infrastructure for various research centers has been dreate financial and technical
investment from the United Nations, world governments, and biotechnobogyanies with



business interests on the continent [13,80]. Currently infrastructists éx South Africa,
Egypt, Tunisia, Nigeria and Kenya [81]. These centers have asde nsubstantial
investments in agricultural science compared to other Afrozantcies and are increasing
their research capacity [81]. Recently, African countries haarestto realize the necessity
of developing a vibrant research infrastructure from local govarhmgestments [51]. To
address the issue of local investment, members of the AfricaanJAlU) of countries have
agreed to steadily increase funding for research until it reatheast 1% of GDP within the
next few years [76]. This is a significant development and itothsitnates that AU partner
nations understand the value of research as a potential mechanigndeorease the burden
of disease that affects their populations, 2) create cheapehantk “grown” alternatives to
pharmacological agents that are usually purchased from high-incoouatries, 3)
acknowledge the economic benefits that investments in researahtinéture can develop
through home-grown companies, which in turn provide jobs to citizens who el mpamgl
taxes [2]. Local investments have occurred in many countridiseirBouthern Hemisphere
allowing these countries to improve their economies which could be sedges a way
forward for SSA [2,15,18].

A second challenge for genomics research in Africa concerearofspriorities of African
countries and the high-income countries which fund and support reseasegaréh priorities
between high-income countries (i.e. United Kingdom, USA) and low- itldlezincome
African countries differ in many areas [81]. In addition to th#erBnces, because SSA
countries have a significant communicable disease burden, and dispropeltibaat more
individuals affected by YLDs, African led research endeavors cogidfisantly reduce the
mortality associated with those diseases [5,76,79]. The diffeseinceesearch priorities
between African countries and high-income countries is illustiagethe lack of attention to
diarrhoeal diseases (DD) and lower respiratory infections (LWIihich cause significant
mortality in children in SSA [5]. In 2006, only 26 clinical trials ooed for DD and LRI (20
for DD and 6 for LRI) compared to 205 for malaria [81]. This suggest need for further
development of resources for African scientists to develop theiresearch priorities. Case
studies in Cameroon and Tanzania illustrate the potential of gemesaarch in SCD and its
applications in public health interventions. More studies to charaetgenomic variations
that affect phenotypes of SCD and their application in primary erahslary preventions, as
well as prospective studies on genomic-based therapeutic intervemiahd allow Africa,
where two-thirds of SCD patients live, play a major global inlehemoglobinopathies
research. With a significant decrease in communicable disebses/ed in the past 20 years
for SSA, a monumental shift has begun, suggesting a realignmeoalsfand priorities for
the next few decades [4,5,19]. This realignment of prioritiesostlr as SSA considers how
best to address the ageing population.

The third challenge is overcoming the scientific diasporas thatdraeeged between low- to
middle-income countries compared to high-income countries [50,82]. fide raigration of
physicians, nurses, scientists and other highly educated professitondigh-income
countries termed, “brain drain”, is of considerable significancecttnomic development
[82]. African countries are placed in a disadvantaged position for tegiyndevelopment
because professional, highly educated cadres of people are neededlop,deperate and
maintain these technologies and lead scientific endeavors. Thigtimmgwas illustrated in a
2004 report which stated that the import of highly qualified medicalepstdnals from
Ghana saved ~ £103 million (~$200 million) in training costs for theoNaltiHealth Service
in the United Kingdom [83]. From this observation, some have argued coatipan®r the
country of origin was needed to offset the loss of this important aichichuman capital



[84]. Currently, in many regions of Africa with stable economregyration is due to low
salary for professionals [49]. The migration problem is prevalenhadicine and other
scientific fields [85]. Several groups have suggested that brain draine major cause of
scientific diasporas between industrialized and emerging natt@isQther groups suggest
that the lack of infrastructure, economic development and governanssuas that must be
addressed and brain drain is a symptom of these problems [18]. To aldvesbese
problems have arisen, it is important to examine the sciediégporas in a new paradigm in
which engagement of the continent, with equal partnership in develaoitheporative
research priorities which are also associated with economic developrpardansount [86].

This scientific diasporas can be overcome via several mechafi€ij Even-though these
mechanisms do not replace the loss in human capital, the mechaismsitigate losses
through: 1) support of local foreign scientists, 2) establishment ofl gguerships in
collaborative efforts between foreign-born scientists residingdostrialized countries with
leaders and scientists of their countries of origins, 3) speaifieted compensation to build
genomics/biomedical/health infrastructure, and 4) technology traasf®ng public and
private sectors, which have been shown to be successful in manyieo(B@]. Within this
framework, a balance will be needed for providing incentives for iddals to return to their
country of origin versus training scientists and developing intretstre. We must also
acknowledge that corruptions and/or mismanagement of these wationtd programs can
perturb any advances; however, a multifaceted approach would beantgorovercome the
barriers expressed in the first challenge. We advocate aigarali approach because it has
been shown to have success in South and Central America and if18si&]. The
multitiered approach allows for investment in several areas \alste balancing competing
interests. The situation in SSA is quite challenging; nonethefds® recommendations are
implemented within SSA success is also possible [13,18,87].

Overall a positive perception of research conducted by Africantstgein SSA is gaining
momentum, but it will take several years for this new paradmre the norm by which
research occurs in Africa. The aforementioned challenges areextatustive but are
significant barriers to development of biomedical technologies.ighifeant need to
establish and implement ethical guidelines that allow interndti@s&archers conducting
research in Africa to create capacity and also to help th@méxt generation of African
scientists should be addressed. These issues are not only ifttlethational community but
also for African scientists who have significant obligations to ldgvehe research
infrastructure and culture within their own countries. For exampleral areas that could be
addressed without significant international coordination include cold#ibar amongst
African scientists in Africa. African scientists could irmse collaborations in areas of
training, education and research which in turn will increase syaserg biomedical and
genomic research producing a lower cost for everyone involved. Eneseg other factors
present unique opportunities for developing biomedical research emphagemognics
within Africa.

Conclusion

The challenges and potential to address the health issuesichnAfropulations are not
unique to SSA because many countries (e.g. India, Mexico, Braz{Chind) have used the
development of biomedical research technologies including genomicgitodukelressing the
health issues of their respective populations [2,13]. In SSA, the Rept@ilfmuth Africa has
embraced many of the tenants of globalization including supporting thelogeng



biotechnology sector [87]. In theory using biomedical research telajegcientific capacity
in Africa could significantly reduce the migration of intelldobm low- to high-income
countries. Development of biomedical research including genomicgcleseaAfrica could
provide networking opportunities for African research scientisiisicizins, social scientists
and bioethicists. Similarly, networking by African scientisteni different fields was
instrumental in the foundation of several research consortia (elgrisfGEN, and HapMap).
This collaborative spirit has also sponsored African students (pdtezgemrch leaders) and
African scientists from the Diaspora to attend annual meeimg&frica [88,89]. Such
African Diaspora participation generates collaborations withl I8frican scientists working
in Africa that could ultimately mitigate brain drain by fosterinteraction [90]. The issue of
brain drain cannot be solved without budgetary commitment from SSA msuwhich stand
to significantly benefit from the reduction in migration from SSA to high income deant

With the budgetary constraints of many low- to middle-income cAfri economies,
committing funds to support biomedical- and genomics-related réseaght be viewed by
some as an esoteric exercise. The immediate needs for nwdidat prevent infectious and
non-infectious diseases in many regions of Africa are paramourshbutd not obscure the
future health needs of the population. We argue that in addition to addressing the hdalth nee
of the population in the present, a vision for the future is also needexvi§ion should
include addressing the growing burden of NCDs while also recogrtizengeed to develop
policies which promote economic development through science and biotechnology
development. The needs of the populations in SSA can be addressed while
contemporaneously building a future based on intellectual investmpabpie using models

from other countries. The research needs for future populationsnsthe present in which
biomedical research, including genomics could be indispensable. In téresonomics,
biomedical research (such as genomics) offers ways to fostez Qoown development,
manufacturing, and diagnosis and also inform on the delivery of healthThere is a
tremendous opportunity for biomedical research to flourish in Africacdbas examples by
many South/South collaborations; furthermore, strong government commhitmest be
made for the promise of biomedical research to be delivered to the Africamecnt
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