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Abstract
Global research and development (R&D) pipelines for
diseases that disproportionately affect African countries
appear to be inadequate, with governments struggling
to prioritise investment in R&D. This article provides
insights into the sources of investment in health science
research, available research capacity and level of
research output in Africa. The African region comprises
15% of the world’s population, yet only accounted for
1.1% of global investments in R&D in 2016. There were
substantial disparities within the continent, with Egypt,
Nigeria and South Africa contributing 65.7% of the total
R&D spending. In most countries of the Organisation for
Economic Co-operation and Development, the largest
source of R&D funding is the private sector. R&D in Africa
is mainly funded by the public sector, with significant
proportions of financing in many countries coming from
international funding. Challenges that limit private sector
investment include unstable political environments, poor
governance and corruption. Evidence suggests various
research output and research capacity limitations in Africa
when considering a global context. Metrics that reflect
this include university rankings, number of researchers,
number of publications, clinical trials networks and
pharmaceutical manufacturing capacity. Within the
continent there are substantial regional disparities.
Incentivising investment is crucial to foster current and
future research output and research capacity. This paper
outlines some of the many commendable initiatives
under way. Innovative and collaborative financing
mechanisms can stimulate further investment. Given the
vast inequalities across Africa in R&D, strategies need to
reflect the different capacities of countries to address this
disparity.
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Introduction
Africa produces about 2% of world research
output, yet the region, as defined by the
Unesco, accounts for 15% of the global population and 25% of the global disease burden.1
Research and development (R&D) pipelines
for diseases that disproportionately affect
African countries and address Africa’s unmet
health needs are insufficient.2 More needs to
be done. This includes leveraging investment
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Summary box
►► Health science research, funding and research ca-

pacity are insufficient to address Africa’s current
unmet health needs, and there are ambitious country-set targets and frameworks for progress still to
be met over the coming decade.
►► There are substantial disparities in within-continent
research and development (R&D) investment; estimates from 2016 indicated South Africa, Egypt and
Nigeria contributed almost two-thirds of the total domestic spending on R&D in Africa.
►► Measures of R&D outputs and capacity suggest
both inter-regional and intraregional disparity based
on investments, university rankings, number of researchers, number of publications, patent holdings,
clinical trial networks and pharmaceutical manufacturing capacity.
►► Disparities in R&D capacity within Africa suggest
the likely value of support for collaborative science, technology and innovation networks between
African nations, with any new partnerships harnessing the substantial momentum of R&D initiatives that
already exist.
►► Development of clear and context-relevant financing
strategies and mechanisms can foster further public,
private and international investment in R&D across
the region.

and supporting capacities for health science
research across Africa.
Many African countries have adopted targets
that reflect aims of improved prosperity and
achieving middle-income country status in
the coming decade. Science, technology and
innovation are key to these goals.3 As themes,
they are central pillars to the African Union’s
Science Technology and Innovation Strategy
for Africa (STISA 2024) and Agenda 2063.4–6
Infrastructure, financial and knowledge
resources in African nations present a diverse
set of challenges to investment in R&D.7 Yet
rising gross domestic product (GDP) coupled
with young, and growing, populations and
increasing urbanisation in many countries
may continue to drive growth in Africa and
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Support for African health science research
R&D funding across Africa
In 2016, Africa accounted for 1.1% (US$22.3 billion) of
global investments in R&D.11 Egypt, Nigeria and South
Africa accounted for 65.7%, or US$14.66 billion, of Africa’s total R&D spending.11
In 2007 African Union countries committed to investing
at least 1% of GDP in R&D. This recognised the importance of R&D to sustainable development and the need
to address Africa’s health needs. This goal has remained
unrealised. Across sub-Saharan Africa the average share
of GDP devoted to R&D activities was only 0.4% in 2015,
or the most recent available year.12 Countries closer to the
1% target included Egypt, Kenya, Mali, Morocco, South
Africa, and Tunisia while countries including Algeria,
Cabo Verde and Lesotho invested less than 0.1% of GDP
in R&D (online supplementary file A).13 R&D intensity
is a sentinel indicator for economic policy. However,
data on R&D investment are extremely limited for many
African countries (see table 1).13–15
Sources of funding
The landscape of institutions funding African R&D is
complex. Sources for domestic R&D include public
sector, private sector and international funding. A
country or region’s relative GDP devoted to R&D activities is known as gross expenditure on research and development (GERD). R&D intensity is conventionally measured as the ratio of GERD to GDP. Most of the world’s
largest developed economies have overall levels of R&D
expenditure exceeding 2% of GDP. In Africa, almost all
countries invest less than 1%.16
Although GDP per capita and GERD per capita have
been rising in most African countries, levels are low by
world standards, and there is a marked disparity within
the continent.17 Public investments in strengthening
2

Table 1 Levels of gross domestic expenditure in R&D (%
of GDP)
Expenditure
on R&D (%
of GDP)
Countries
>0.6

Egypt, Kenya, Malawi, Mali, Morocco, South
Africa, Tunisia

0.4–0.6

Ethiopia, Gabon, Mozambique, Senegal,
Tanzania, Uganda

0.2–0.4

Botswana, Ghana, Nigeria, Seychelles, Sudan,
Togo, Zambia

0.1–0.2

Burkina Faso, Burundi, Gambia, Mauritius,
Namibia

0<0.1

Algeria, Cabo Verde, Democratic Republic of the
Congo, Lesotho, Madagascar

No data

Angola, Benin, Cameroon, Central African
Republic, Chad, Comoros, Congo, Cote d’Ivoire,
Djibouti, Equatorial Guinea, Eritrea, Guinea,
Guinea-Bissau, Liberia, Libya, Mauritania, Niger,
Rwanda, Sao Tome and Principe, Sierra Leone,
Somalia, South Sudan, Swaziland, Zimbabwe

Sources: refs13–15.
GDP, gross domestic product; R&D, research and development.

research capacity require extensive capital resources.
However, rates of return are often unpredictable, and it
is difficult to prioritise spending versus pressing government priorities in education, health and infrastructure.
In most countries of the Organisation for Economic
Co-operation and Development, the largest source
of R&D funding is the private sector. African R&D has
historically been mainly funded by the public sector, with
international sources forming a substantial proportion
of expenditures in many countries (see figure 1). For
instance, foreign sources contributed significantly to
2015 R&D expenditures in Ghana (31%), Senegal (41%)
and Burkina Faso (60%).15 South Africa has been an
exception, hosting substantial private sector support.17
Encouraging governments to increase public funding
of R&D and incentivising strong private sector engagement in the funding and performance of R&D activities
remain a key regional challenge.
Globally, pharmaceutical companies are among the top
investors in R&D in the health science sector, but this is
not the case in Africa. Few African companies have R&D
units or R&D directors to oversee product development
and technology transfer.3
Current capacities
According to Unesco, Africa had an estimated 198
researchers, in all fields, per million inhabitants in
2014.13 This compares with 428 in Chile and more than
4000 in the UK and the USA.13 Within Africa there is
further disparity between countries. The top three countries with full-time researchers holding PhDs or equivalent per million people were all in North Africa: Tunisia,
Morocco and Egypt. An estimated 878 researchers per
Simpkin V, et al. BMJ Glob Health 2019;4:e001047. doi:10.1136/bmjgh-2018-001047
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capacity for R&D growth.8 Health science research can
play a central role in this.
This analysis offers an overview of funding and capacities for health science research and research capacity in
Africa. It highlights challenges, opportunities and recommendations for progress. Our analysis is informed by a
semi-systematic literature review and expert interviews.
The literature review examined peer-reviewed and grey
literature obtained using relevant search terms in online
databases, with additional resources obtained through
citations and institutional publication archives. Only
English-language literature was reviewed, leaving scope
for further review of evidence from French-speaking or
Arabic-speaking authors. We undertook semi-structured
interviews with nine representatives from governmental,
non-governmental and academic institutions to enrich
the scope of our research and engage further relevant
literature (online supplementary appendix A for further
information).9 Interviewees were selected using a judgement sampling approach.10
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Figure 1 Source of funding for gross expenditure on
research and development by country. Source13: (Data from
2014 or the latest available year).

million inhabitants in North Africa compares with 88 per
million inhabitants in sub-Saharan Africa.13
Furthermore, many African researchers leave the continent. Over 10% of sub-Saharan Africans with graduate
degrees emigrate. The numbers are even higher in the
health workforce.17 Skilled researchers leave for several
reasons. These can include a lack of local funding and
training opportunities compared with high-income countries outside the region, which may have better research
environments and working conditions. These reasons
are common among regions experiencing a drain in
research capacities.18
Retaining professionals with specific technical skills is
essential to health research. However, other capacities
are also essential to launch and sustain health research
programmes. This involves training professionals to
undertake administrative activities and hiring dedicated
administrative staff. Key administrative activities for
Simpkin V, et al. BMJ Glob Health 2019;4:e001047. doi:10.1136/bmjgh-2018-001047

Training more health science researchers in Africa
In 2016 the average tertiary enrolment rate in Africa, the
percentage of high school graduates enrolling in university, was 7.1%. The global average in 2016 was 25.1%.23
However, the growth trend is positive, with returns on
investment in higher education in Africa estimated at
21%—the highest in the world.3 24 A 2015 report by the
Africa-America Institute estimated that a 1-year increase
in average tertiary education levels could raise annual
GDP growth across Africa by 0.39%, potentially yielding
an eventual increase in GDP of up to 12%.25
Sustainable health science research and research
capacity building require strong scientific talent and
high-quality universities. Only 26 universities in Africa
featured in the Times Higher Education’s World University Rankings 2016–2017 (out of 980).26 Within the continent, the top 15 ranking universities span 7 countries (see
table 2).26 One of the challenges that African universities
face is the shortage of highly qualified researchers and
other staff; a 2013 United Nations Economic Commission
for Africa survey of nine African universities revealed that
less than 50% of researchers and lecturers held PhDs.3
International initiatives have looked to address these
issues. Examples include the World Bank establishment
of the African Higher Education Centers of Excellence
project, which aims to address regional development
challenges and strengthen research capacity.27 Attracting
foreign universities represents an opportunity for low-income and middle-income countries to engage in international technology transfer and bolster learning. For
example, in 2011, a new campus of Carnegie Mellon
University launched in Rwanda with funding from the
Rwandan Government and the African Development
Bank.28
Collaboration across the region
In African countries researchers produce most publications with international coauthors, rather than with local
coauthors. Most coauthors hail from institutions outside
Africa. Nigeria and Egypt have been exceptions, with
3
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research include budget management, grant acquisition
and procurement. Further dedicated support is essential
for tasks involving human resource management, maintenance and legal support.18
There have been specific attempts to address emigration and harness the capacity of the African diaspora.
The Africa Capacity Building Initiative, led by the
Royal Society and UK Department for International
Development (DFID), and the Carnegie African Diaspora Fellowship Program are two programmes guiding
research expertise of African diaspora to the continent
and helping to develop research and training capacities.
The International Organization for Migration’s Migration for Development in Africa Diaspora Database and
the Unesco-Hewlett Packard Brain Gain Initiative offer
similar support.19–22 Further activities are outlined under
the Initiatives and coalitions section of this paper.

BMJ Global Health

Ranking

University

Country

1
2

University of Cape Town
University of Witwatersrand

South Africa
South Africa

3

Stellenbosch University

South Africa

4

Makerere University

Uganda

5

University of KwaZulu-Natal

South Africa

6

University of Pretoria

South Africa

7

University of Ghana

Ghana

8

University of Nairobi

Kenya

9

Suez Canal University

Egypt

10

Alexandria University

Egypt

11

Cairo University

Egypt

12

University of Marrakech Cadi
Ayyad

Morocco

13

University of South Africa

South Africa

14
15

University of Ibadan
Mohammed V University of
Rabat

Nigeria
Morocco

Source: ref26.

researchers producing most publications with domestic
coauthors, 71% and 57%, respectively.29 See online
supplementary file B for further details on this trend.
Africa’s regional research capacity has a fragmented
appearance, with limited collaboration between subregions. Inter-regional collaboration (without any South
African or international collaborator) comprises 2%
of all East African research, 0.9% of West and Central
Africa, and 2.9% of Southern Africa (online supplementary file B).30 A 2009 study of the Southern African Development Community (SADC) found only 5% of SADC
papers published between 2005 and 2008 were coauthorships between an SADC researcher and another African
researcher.31
Collaborative academic networks tend to be driven
by funding availability, which may have biased research
towards collaborations with researchers outside Africa.
The main collaborating institutions are in the USA, the
UK and France, the countries that are also the largest
funders of research in biosciences in Africa. There is

an increasing trend towards collaboration on health
research within Africa, particularly for malaria research.
However, this is still much lower than collaboration with
institutions in Europe and the USA.2 3
Cross-sector collaboration can foster knowledge
transfer and alternative funding channels. Table 3 presents coauthored publications as a proxy for cross-sector
collaboration, as a relative percentage of each region’s
total output between 2003 and 2012.30 Across each region,
academic–corporate collaboration accounts for only a
small percentage of each region’s total output. Collaboration between the academic and corporate sector is
mainly within health sciences and through collaborations
with global pharmaceutical companies.30
Despite the potential value of international collaborative projects with high-income countries, there is
justifiable concern. Priorities may not align. African institutions face challenges with leadership and ownership
of research, which can create longer term issues with
sustainability. In 2011, 38 African centres from across the
continent were recognised as African Network for Drugs
and Diagnostic Innovation (ANDI) Centres of Excellence in health innovation. This will establish an alliance
of African institutions with the expertise and resources
to progress health innovation and to encourage intra-African, South–South and North–South networking and
collaboration.32 33
Research outputs
Bibliometric indicators offer proxy measures, through
the number of publications and citations, to assess
the performance and influence of scientific research.
Evidence suggests an estimated 60% growth in publications with African authors between 2008 and 2014.3 17
However these research outputs appear to be unevenly
distributed at the country and subregional levels.34 35
Publications alone, as an indicator of research output,
may give an incomplete picture. It omits a significant level
of production of non-academic research output. Surveys
by the Health Research System Analysis Initiative indicate that, despite low research production in sub-Saharan
Africa, there is significant research activity, and institutions make an effort to disseminate their research to the
intended audience.36 Other important dissemination
dimensions include publication in regional and national
journals and editing working papers.36 Interviewees

Table 3 Cross-sector collaboration as a percentage (%) of total publications for sub-Saharan African regions and
comparator institutions, 2003–2012
Region

Academic–corporate (%)

Academic–government (%)

Academic–medical
(%)

East Africa
Southern Africa

2.4
2.4

17.2
17.4

6.0
7.5

West/Central Africa
South Africa

1.0
2.8

10.5
12.6

4.2
3.0

Source: ref30.
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Table 2 Top 15 universities in Africa 2016–2017 (Times
Higher Education Rankings)
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Pharmaceutical R&D
The commercial sector is key to health science R&D.
Thirty-seven African countries have some pharmaceutical production, but few produce active pharmaceutical ingredients and intermediates.38 These inequalities
are replicated in the imbalance in global R&D outputs
according to health needs. From 1975 to 2004, only 1.3%
of the 1556 new chemical entities registered were meant
for use in tropical diseases and tuberculosis, despite
these diseases accounting for 12% of the global disease
burden.39 A mix of regulatory and financial barriers to
commercialisation, weak intellectual property rights and
a lack of basic infrastructure disincentivise private sector
investment.
Additionally, there are limited domestic capabilities
to undertake the experimental development or translational research phase. Despite growing capacity for the
third phase of clinical trials, the production and manufacturing phase of the value chain remains weak.3 Local
production relies on imported active ingredients—
despite Africa’s raw material wealth. Interviewees noted
that local manufacturing in Africa could foster affordability of essential drugs, increase local job opportunities
and reduce dependency on foreign support.

Opportunities for progress
Available evidence suggests persistent low investment in
health science research in Africa, with substantial gaps
in research output and capacity compared with high-income countries and some emerging economies. Several
initiatives seek to create opportunities and address
barriers towards progress.
Simpkin V, et al. BMJ Glob Health 2019;4:e001047. doi:10.1136/bmjgh-2018-001047

Key challenges to catalysing investment include a lack
of ownership of research agendas, poor capacity retention and inadequate knowledge.40 Institutional weaknesses also lead to difficulties in catalysing research.
These include corruption, governance issues and political instability. A 2015 Transparency International survey
found 22% of Africans who encountered a public service
in the past 12 months say they paid a bribe.41 Assessing
governance capacity also offers important structure to
considering methods to increase public and private
sector investment in health science R&D. The Ibrahim
Index, an independent index for governance quality in
Africa, notes most countries show signs of an improved
overall governance score over the past decade. However,
over half of the 40 index countries have shown signs of
slackening and even reversals in their progress.42
Several challenges limit private sector investment.
These include unstable political environments, poor
governance, weak regulatory structures and corruption.
Public policies may exacerbate market weaknesses, such
as the imposition of taxes and price controls on essential
medicines and weak or absent intellectual property laws
and regulatory frameworks. Enabling public policies that
create adequate health sector infrastructure, including
medical facilities, diagnostic systems and medical service
delivery systems, is also key to attracting private sector
investment.43
As African pharmaceutical manufacturers increasingly
develop their own products, there is also an increased
need for local regulatory expertise, and this needs to
be developed to attract businesses.3 New institutions
can develop with guidance from established regulatory
bodies, such as the Food and Drugs Board in Ghana.44
External and international funding remains critical to
the sustainability of research and innovation systems in
many African countries. However, there are cases where
sub-Saharan African health ministries have been overwhelmed with donor requests to fund research activities,
while neighbouring countries, with equally substantive
disease burdens, have a paucity of funding.45
Initiatives and coalitions
This paper highlights a selection of the many commendable initiatives that target improved research capacity in
Africa. Effective stimulation of investment, in such activities, is critical to address many of the issues outlined
above and to improve research capacity.
Traditional incentives for investment in product development often rely on having an environment with a
well-established infrastructure. For countries with no
significant research capacity, the priority needs to be
on developing infrastructure and education, oriented
towards long-term achievements, to train the researchers
of tomorrow. For countries with some research capacity
already in place, investment should focus on further
developing centres of excellence, as is the focus of the
World Bank African Higher Education Centers of Excellence project.
5
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noted that some African academics may publish research
in local journals that are not indexed by the Institute for
Scientific Information’s Web of Science. These journals
may publish in a local language, as they target the local
audience. Web of Science targets the international audience and is biased towards English-language content.
Countries in Europe and sub-Saharan Africa are partnering to increase research outputs through initiatives
such as the European and Developing Countries Clinical Trials Partnership (EDCTP). The EDCTP aims to
alleviate the health and economic burden of infectious
diseases in Africa, with a focus on phase II and III clinical trials.37 The EDCTP focuses on multinational, multicentre projects. It has established regional networks for
conducting clinical trials and promoting clinical research
in sub-Saharan Africa. This promotes collaboration and
sharing of expertise in resource-limited settings. Despite
success stories, challenges remain. EDCTP projects
receive limited contributions from African governments,
with a heavy reliance on funding from Europe; this negatively impacts African ownership of the research. There
has also been difficulty transferring research funds to
and between institutions in some cases.37
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Figure 2 Research programmes funded by organisations
in Africa in 2015. Source.24 Organisations listed in figure:
BMGF, Bill & Melinda Gates Foundation; CIHR, Canadian
Institutes of Health Research; EDCTP, European and
Developing Countries Clinical Trials Partnership; EU,
European Union; MRC, UK Medical Research Council; NIH,
US National Institutes of Health; SIDA, Swedish International
Development Cooperation Agency; SRC, Swedish Research
Council; Wellcome Trust.

6

coordinated, well-funded and innovative African R&D
community. The Biosciences Eastern and Central Africa
is a further NEPAD-African Union initiative convening
scientists from the two regions to work on common challenges in food and nutritional security.49 The AAS 2018
report on ‘Africa Beyond 2030’49 outlines the current
landscape of such initiatives across the region.49
Such initiatives extend to suggestions for coordinating
pooled funding initiatives for African R&D. These include
a pan-African fund with contributions from governments,
donors and the private sector.5 Such mechanisms need
ethical governance frameworks representative of local
priorities and that prevent countries receiving disproportionate amounts of support compared with their neighbours. A better understanding of how existing investments
work can also support more effective funding. World
RePORT is one way to do so, as an online database that
maps research projects funded around the world. World
RePORT provides information on investments and partnerships from some of the largest biomedical research
funders.24 Figure 2 illustrates the percentage of research
programmes within Africa funded by the global research
funders who provided data.
Conclusion
Science, technology and innovation are key to Africa’s
future. Most experience on life science research policy
development, however, comes from high-income countries in Europe and North America where many elements
of infrastructure are already in place.50 Clear development strategies and innovative financing mechanisms
could encourage public, private and international investment. For this to be sustainable, incentives need to be
relevant to the settings where they are used.51
Many initiatives are already in place in Africa, and
momentum should build behind these to support R&D
capacity building. Doing so requires a collaborative
approach that ensures African leadership and ownership. Initiatives such as CARI and AESA are Africa-led,
Africa-centred and Africa-specific platforms for collaboration. With domestic and international support, these
and other initiatives can address development challenges
in Africa and foster long-term sustainable development
of excellence and leadership in science, research and
innovation.
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International partners can also risk engaging in a
manner that hinders capacity development, despite
best intentions. This is a problem for local and international donors, academic institutions and non-governmental organisations. Partnerships can be imbalanced
and inequitable, favouring the careers and priorities of
researchers based outside of Africa.46 Power imbalances
require specific interventions to address them, such as
having core principles to guide research partnerships.
These include the work of the Canadian Coalition for
Global Health Research, Commission for Research Partnerships with Developing Countries (KFPE) and the
Research Fairness Initiative.47
African-led solutions can address such imbalances
and weaknesses in infrastructure. The ANDI was established in 2008 as a pan-African agency with a mission to
promote and sustain African-led health innovation to
address the health needs of the poor, and has contributed significantly to the innovation space in Africa.34 48 In
2015, the Alliance for Accelerating Excellence in Africa
(AESA) was created by the African Academy of Sciences
(AAS) and the New Partnership for Africa’s Development
(NEPAD) Agency, with the support of DFID, the Wellcome Trust and the Bill & Melinda Gates Foundation.
The AESA is a vehicle to manage research funding and
provide research leadership for the continent of Africa,
supporting the training of scientists and driving Africa’s
research agenda. The ‘Coalition for Research and Innovation’ (CARI) is another platform within Africa from
which a coalition of African leaders, African philanthropists and international funders can build a highly

BMJ Global Health
Patient consent for publication Not required.
Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement Data generated or analysed are included in this
published article, and its online supplementary information files can be found in
the Unesco Institute for Statistics Repository (http://uis.unesco.org) and WORLD
RePORT (https://worldreport.nih.gov/a pp/#!/).
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution 4.0 Unported (CC BY 4.0) license, which permits
others to copy, redistribute, remix, transform and build upon this work for any
purpose, provided the original work is properly cited, a link to the licence is given,
and indication of whether changes were made. See: https://creativecommons.org/
licenses/by/4.0 /.

References

1. Schemm Y. Africa Doubles Research Output, Moves toward
Knowledge-based Economy - What Factors are Driving the Increase
in Scientific Research being Conducted by African Scientists?
Research Trends 2013;35:1–4.
2. Nwaka S, Ilunga TB, Da Silva JS, et al. Developing ANDI: a
novel approach to health product R&D in Africa. PLoS Med
2010;7:e1000293.
3. United Nations Economic Commission for Africa, 2013. African
Science, Technology and Innovation Review 2013. Available: http://
invenio.unidep.org/invenio//record/20447/files/st_innovation_report.
pdf [Accessed 4 Feb 2019].
4. The African Union Commission: Agenda 2063; Framework
Document, 2015. The Africa we want. The African union
commission. Available: http://www.un.org/en/africa/osaa/pdf/au/
agenda2063-framework.pdf [Accessed 20 Jan 2017].
5. Science, Technology and Innovation Strategy for Africa 2024;
STISA-2024, 2014. African Union. Available: http://www.hsrc.ac.
za/uploads/pageContent/5481/Science,%20Technology%20and%
20Innovation%20Strategy%20for%20Africa%20-%20Document.pdf
[Accessed 20 Feb 2017].
6. Juma C, 2017. Rebooting African economies: the place of science
and technology in society;. Available: http://africapolicyreview.com/
analysis/rebooting-african-economies-the-place-of-science-and-
technology-in-society/ [Accessed 20 Feb 2017].
7. African Union, 2015. Doing business in Africa. invest in Africa
2015. Available: http://www.un.org/en/africa/osaa/pdf/pubs/
2015investinafrica.pdf [Accessed 20 Feb 2017].
8. Barton D, Leke A, 2016. 3 reasons things are looking up for African
economies. Available: https://www.weforum.org/agenda/2016/05/
what-s-the-future-of-economic-growth-in-africa/ [Accessed 20 Feb
2017].
9. Ganann R, Ciliska D, Thomas H. Expediting systematic reviews:
methods and implications of rapid reviews. Implement Sci 2010;5.
10. Marshall MN. Sampling for qualitative research. Fam Pract
1996;13:522–6.
11. R&D Magazine, 2016. Global R&D Funding Forecast. Available:
https://www.rdmag.com/article/2016/02/2016-global-rd-funding-
forecast-0 [Accessed 4 Feb 2019].
12. UNESCO Institute for Statistics, 2015. Global investments in R&D.
UIS Fact Sheet No. 36. Available: http://uis.unesco.org/sites/
default/files/documents/fs36-global-investments-in-rd-2015-en.
pdf[Accessed 4 Feb 2019].
13. UNESCO Institute for statistics, 2017. Database. Available: http://
uis.unesco.org [Accessed 15 Feb 2018].
14. UNESCO, 2010. Measuring R&D: Challenges Faced by Developing
Countries. Available: http://www.uis.unesco.org/Library/Documents/
tech%205-eng.pdf [Accessed 15 Feb 2018].
15. UNESCO. Mapping Research and Innovation in the Republic
of Malawi. In: Lemarchand GA, ed. GO-SPIN country profiles in
science, technology and innovation policy. Paris: United Nations
Education Scientific and Cultural Organization, 2014.
16. R&D Magazine, 2017. Global R&D Funding Forecast. Available:
https://digital.rdmag.com/researchanddevelopment/2017_global_r_
d_funding_forecast [Accessed 4 Feb 2019].
17. UNESCO: Unesco Science Report: Towards 2030, 2015. Paris:
UNESCO. Available: http://en.unesco.org/unesco_science_
report[Accessed 10 Dec 2017].
18. Pan American Health Organization. Report on strengthening
research capacities for health in the Caribbean, 2007-2017.
Washington DC: PAHO, 2017.

Simpkin V, et al. BMJ Glob Health 2019;4:e001047. doi:10.1136/bmjgh-2018-001047

19. Royal Society-DFID Africa Capacity Building Initiative, 2017. Royal
Society-DFID Africa capacity building initiative. Available: https//
royalsociety.org/grants-schemes-awards/grants/africa-capacity-
building [Accessed 23 May 2017].
20. IIE, 2017. Carnegie African diaspora fellowship program. Available: 
https:www.iie.org/Programs/Carnegie-African-Diaspora-Fellowship-
Program [Accessed 23 May 2017].
21. Migration for Development in Africa (MIDA). Mobilizing the African
diasporas for the development of Africa. Geneva Switzerland:
International Organization for Migration, 2004: 1–20.
22. UNESCO, 2017. Brain gain initiative. Available: http://www.unesco.
org/new/en/education/themes/strengthening-education-systems/
higher-education/reform-and-innovation/brain-gain-initiative/
[Accessed 23 May 2017].
23. The Legatum Institute, 2016. The Africa prosperity report. Available:
http://media.prosperity.com/2016/pdf/2016-AfricaReport-web.pdf
[Accessed 10 Apr 2017].
24. World RePORT, 2017. Available: https://worldreport.nih.gov/app/#!/
[Accessed 20 Apr 2017].
25. The Africa-America Institute, 2015. State of Education in Africa
2015 Report. Available: http://www.aaionline.org/wp-content/
uploads/2015/09/AAI-SOE-report-2015-final.pdf [Accessed 23 May
2017].
26. Times Higher Education, 2016. World university rankings. Available:
https://www.timeshighereducation.com/world-university-rankings
[Accessed 15 February 2018].
27. Blom A. Western Africa – Africa higher education centers of
excellence project: P126974 – implementation status results report:
sequence 06. Washington DC: World Bank Group, 2016.
28. Guimon J, 2013. Promoting University-Industry Collaboration in
Developing Countries. The Innovation Policy Platform. Available:
http://innovationpolicyplatform.org/sites/default/files/rdf_imported_
documents/PromotingUniversityIndustryCollaborationInDeveloping
Countries.pdf [Accessed 15 Apr 2017].
29. Pouris A, Ho Y-S. Research emphasis and collaboration in Africa.
Scientometrics 2014;98:2169–84.
30. World Bank Group, Elsevier. A Decade of Development in SubSaharan African Science, Technology,Engineering & Mathematics
Research, 2014. Available: http://documents.worldbank.org/curated/
en/237371468204551128/pdf/910160WP0P126900disclose0902
6020140.pdf [Accessed 15 Jan 2017].
31. Boshoff N. South–South research collaboration of countries in the
southern African development community (SADC). Scientometrics
2010;84:481–503.
32. African Network for Drugs and Diagnostics Innovation, 2015.
Pan-African Centres of Excellence in Health Innovation. Ethiopia:
UNOPS. Available: http://www.andi-africa.org/ANDI_File/ANDI_
COEs/ANDI_pan_African_Centres_of_Excellence_2015_edition.pdf
[Accessed 20 Feb 2017].
33. Nwaka S, Ochem A, Besson D, et al. Analysis of pan-African centres
of excellence in health innovation highlights opportunities and
challenges for local innovation and financing in the continent. BMC
Int Health Hum Rights 2012;12.
34. African Network for Drugs and Diagnostics Innovation, 2016.
Facilitating health innovation in Africa. strategic plan: 20162020. Available: http://andi-africa.org/ANDI_File/Strategic_Plan/
Facilitating_Health_Innovation_in_Africa_ANDI_Strategic_Plan%
282016-2020%29.pdf [Accessed 20 May 2017].
35. TDR, 2009. Strategic and business plan for the African network for
drugs and diagnostics innovation (ANDI). Available: http://www.
who.int/tdr/publications/documents/sbp_andi.pdf [Accessed 20 Feb
2017].
36. Kebede D, Zielinski C, Mbondji PE, et al. Research output of health
research institutions and its use in 42 sub-Saharan African countries:
results of a questionnaire-based survey. J R Soc Med 2014;107(1
suppl):105–14.
37. Mgone C, Makanga M, Nyirenda T. Developing an international
network for clinical research: the European and developing countries
clinical trials partnership experience. Clin Investig 2011;1:487–91.
38. Berger M, Murugi J, Buch E, et al. Strengthening pharmaceutical
innovation in Africa. NEPAD, 2010.
39. Chirac P, Torreele E. Global framework on essential health R&D.
Lancet 2006;367:1560–1.
40. World Health Organization Regional Office for Africa, 2016. Research
for health: a strategy for the African region, 2016-2025. Available:
http://apps.who.int/iris/handle/10665/204490 [Accessed 20 Feb
2017].
41. Transparency International, 2015. People and corruption: Africa
survey 2015 – global corruption barometer. Available: https://www.
transparency.org/whatwedo/publication/people_and_corruption_
africa_survey_2015 [Accessed 4 February 2019].

7

BMJ Glob Health: first published as 10.1136/bmjgh-2018-001047 on 4 March 2019. Downloaded from http://gh.bmj.com/ on September 26, 2020 by guest. Protected by copyright.

Competing interests None declared.

BMJ Global Health

8

48.
49.

50.

51.

Initiative (RFI) by Portuguese-speaking countries. BMJ Glob Health
2018;3:e000978.
Mboya-Okeyo T, Ridley RG, Nwaka S, et al. The African network for
drugs and diagnostics innovation. Lancet 2009;373:1507–8.
African Academy of Sciences. Africa beyond 2030: Leveraging
knowledge and innovation to secure sustainable development goals;
2018.
Strategy for UK Life Sciences, 2011. Department for business,
innovation and skills. Available: https://www.gov.uk/government/
uploads/system/uploads/attachment_data/file/32457/11-1429-
strategy-for-uk-life-sciences.pdf [Accessed 10 Feb 2017].
Deloitte, 2015. Global survey of R&D Incentives. Deloitte; 2015.
Available: https://www2.deloitte.com/content/dam/Deloitte/nl/
Documents/tax/deloitte-nl-tax-global-survey-r-and-d-incentives-
2015.pdf [Accessed 11 Feb 2017].

Simpkin V, et al. BMJ Glob Health 2019;4:e001047. doi:10.1136/bmjgh-2018-001047

BMJ Glob Health: first published as 10.1136/bmjgh-2018-001047 on 4 March 2019. Downloaded from http://gh.bmj.com/ on September 26, 2020 by guest. Protected by copyright.

42. Mo Ibrahim Foundation, 2017. Ibrahim index of African governance
(IIAG). Available: http://mo.ibrahim.foundation/iiag/2017-keyfindings/ [Accessed 20 Jan 2018].
43. West DM VJ, Schneider J. Health Governance Capacity: Enhancing
Private Sector Investment in Global Health. In: The brookings private
sector global health R&D project. Center for Technology innovation
at brookings, 2017.
44. Al-Bader S, Daar AS, Singer PA. Science-based health innovation
in Ghana: health entrepreneurs point the way to a new development
path. BMC Int Health Hum Rights 2010;10(Suppl 1).
45. Collins F, Beaudet A, Draghia-Akli R, et al. A database on global
health research in Africa. Lancet Glob Health 2013;1:e64–5.
46. Boum II Y, Burns BF, Siedner M, et al. Advancing equitable
global health research partnerships in Africa. BMJ Glob Health
2018;3:e000868.
47. Carvalho A, IJsselmuiden C, Kaiser K, et al. Towards equity in
global health partnerships: adoption of the research fairness

