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Abstract: The rampant spread of the COVID-19 infection poses a grave and formidable challenge to
global healthcare, with particular concern to the inhabitants of the African continent. In response
to these pressing concerns, different strategies have been employed to combat the emergence of
this insidious disease, encompassing crucial measures such as physical distancing, the utilization
of face masks, meticulous hand hygiene, and widespread vaccination campaigns. Nevertheless,
the economic realities faced by numerous African nations, characterized by their classification as
“low-income countries (LICs)”, present a formidable barrier to accessing and distributing approved
vaccines to their populations. Moreover, it is essential to discuss the hesitancy of the European
Union (EU) in releasing intellectual property rights associated with the transfer of vaccine technology
to Africa. While the EU has been a key player in global efforts to combat the pandemic, there
has been reluctance in sharing valuable knowledge and resources with African countries. This
hesitancy raises concerns about equitable vaccine access and the potential for a prolonged health
crisis in Africa. This review underscores the urgent imperative and need of establishing localized
vaccine development and production facilities within Africa, necessitating the active involvement
of governments and collaborative partnerships to achieve this crucial objective. Furthermore, this
review advocates for the exploration of viable avenues for the transfer of vaccine technology as a
means to facilitate equitable vaccine access across the African continent and also the cruciality and
the need for the EU to reconsider its stance and actively engage in transferring vaccine technology to
Africa through sharing intellectual property. The EU can contribute to the establishment of localized
vaccine production facilities on the continent, which will not only increase vaccine availability but
also promote self-sufficiency and resilience in the face of future health emergencies.
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1. Introduction

The COVID-19 pandemic, an all-encompassing global threat, has left no region un-
touched in the entire world [1]. As of 9 July 2023, the tally of confirmed COVID-19 cases
stands at a staggering of 767,972,961, with a heart-wrenching death toll of approximately
6,950,655 worldwide [2]. Data profiles from the World Health Organization (WHO) in data
records, as shown in Table 1, further shows the recorded cases across the population, as
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alarming reports continue to pour in regarding the surge of COVID-19 cases in low- and
middle-income countries (LMICs) like Bangladesh, Cameroon, the Democratic Republic
of Congo, India, Indonesia, Nigeria, Mali, Gambia, Senegal, Ghana, Sudan, Tunisia, and
various other African nations [3,4]. Africa, in particular, has confirmed cases of 9,542,363
and the death toll reaching 175,399 as of 9 July 2023. Tragically, the scarcity or absence
of COVID-19 vaccines in many nations has translated into an escalating number of lives
lost. In the initial stages of the pandemic, when neither a COVID-19 vaccine nor treatment
options were known, the concept of herd immunity emerged as a potential remedy for
combating the SARS-CoV-2 virus [1].

Amidst this relentless surge, multiple nations have made significant strides in develop-
ing vaccines against the disease. Notably, certain high-income countries (HICs) have made
remarkable progress in the manufacturing and development of COVID-19 vaccines [5].
Concurrently, numerous vaccine candidates have received emergency use authorizations,
leading some countries to commence extensive vaccination campaigns [5]. However, the
mere existence of licensed vaccines falls short of achieving global control over COVID-19.
It is imperative to ramp up production on a larger scale, ensuring affordability, broad
coverage, and equitable distribution across the global population. This encompasses ad-
dressing the evolving genetic makeup of the virus, particularly in Africa, where unique
host—yvirus interactions have given rise to new variants [6]. Consequently, the World
Health Organization (WHO) and its collaborative partners have diligently worked towards
enhancing worldwide access to COVID-19 vaccines. Their efforts involve bolstering the
capabilities of low- and middle-income countries (LMICs) to facilitate vaccine production,
thereby curbing the pandemic’s impact [7].

To facilitate the manufacturing process of LMICs, the WHO is launching a project
in South Africa, providing technical expertise for vaccine production, empowering the
continent to combat the epidemic, and attain self-sufficiency [8]. The success of vaccine
technology transfer to Africa hinges upon the region’s preparedness to embrace this knowl-
edge hub, with far-reaching implications for the vaccine’s efficacy. The implementation of
effective strategies is essential to overcome barriers hindering the seamless transmission
of expertise.

This review emphasises the European Union’s commitment to protecting intellectual
property rights during the transfer of vaccine technology. It also highlights the ethical and
equity challenges surrounding the technology transfer in Africa and also provides insights
into the efforts needed from African governments and unions to facilitate the transfer of
vaccine technology, enabling the region to effectively combat COVID-19 and emerging
infectious diseases, including their variants. Implementing the recommended measures
can contribute to strengthening Africa’s response to public health crises while ensuring
equitable access to life-saving vaccines.

Table 1. COVID-19 cases in each continent and the respective population size as of 16 August 2023.

WHO Regions Total Cases (Million) Population (Billion)
Europe 249.09 0.74481
Asia 299.92 4.72
North America 124.41 0.60032
South America 68.8 0.43882
Africa 13.11 143
Oceania 14.43 0.04504

2. Rationale for COVID-19 Vaccine Technology Transfer in Africa

On 11 March 2020, the World Health Organization (WHO) officially declared
the COVID-19 pandemic, marking a turning point in global health [9]. Notably, as of
18 November 2022, Africa accounted for 3.48% of the total worldwide infections, with
12,693,549 confirmed cases. South Africa bore the brunt of the outbreak on the African
continent, reporting approximately 4,036,623 infections, making it the most heavily im-
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pacted country on the continent [10]. It is important to note that Africa’s lower number
of confirmed cases and death rates compared to other continents may be attributed to
limited COVID-19 testing, which skews the incidence rate and fails to provide an accurate
depiction of the outbreak’s magnitude [9].

Infectious diseases remain a leading cause of death in Africa and Asia, particularly
among children under the age of five. In 2016, Sub-Saharan African countries accounted for
44.4% of all child fatalities, while South Asian countries accounted for 248%. Shockingly,
children in low- and middle-income nations face a mortality risk 34 times higher than their
counterparts in high-income countries [11]. This underscores the urgent need for targeted
interventions and healthcare improvements to safeguard the well-being of vulnerable
populations in these regions.

At the end of June 2023, an estimation of 13 billion vaccine doses had been admin-
istered worldwide, with a meagre 0.2% allocated to low-income countries, especially in
Africa and the Oceania continent, as depicted in Figure 1 below [12]. WHO statistics, as
reported by Id and colleagues [3] in 2020, revealed the ongoing spread of COVID-19 in
densely populated regions of Ghana, Nigeria, the Democratic Republic of Congo, and
potentially across the African continent. This emphasises the imperative of a global com-
mitment to developing a safe and affordable COVID-19 vaccine, with a particular emphasis
on prioritizing vaccination efforts in African nations. Dr. Seth Berkley, the CEO of GAVI
(the Vaccine Alliance), has underscored the crucial importance of addressing the specific
vaccine needs of these African countries, making it an urgent global priority.

COVID-19 Vaccine Doses by Continent

Vaccine Doses (Billion)
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Figure 1. Total COVID-19 vaccine doses (billion) across the continent. (Source: our world in data,
accessed on 25 July 2023, https:/ /ourworldindata.org/).

In 2021, the World Health Organization (WHO) established a consortium in South
Africa to establish the inaugural COVID mRNA vaccine technology transfer hub [13]. Vac-
cine production entails various challenges, such as process development, maintenance, lead
time, manufacturing facilities, equipment, life cycle management, and product portfolio
management [11]. The WHO highlights the critical importance of a robust and stable pro-
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duction process, as well as consistent component supply over an extended period, ensuring
the vaccine’s longevity in the market. When considering investments in vaccine production
in Africa, a careful evaluation of these factors is essential. Neglecting to address these risks
may result in costly product recalls, market suspensions, and penalties if a manufacturer
fails to fulfil supply agreements.

In a study by Asundi in 2020 [14], the advancement of next-generation vaccines based
on mRNA, viral vector, or protein subunit technologies presents promising opportunities
to alleviate the impact of infectious diseases. The utilisation of these technologies during
the COVID-19 pandemic demonstrated the speed at which new vaccines can be developed.
However, challenges arise when it comes to scaling up vaccine production to achieve
global vaccine equity, highlighting the obstacles that these innovative technologies still
face in meeting global demand. In medical technology development, legal barriers such as
intellectual property transfer are widely recognized.

In collaborative efforts with Biovac, Afrigen Biologics and Vaccines, a network of
universities, and the Africa Centers for Disease Control and Prevention (ACDC), the WHO
and its COVAX partners are actively working towards establishing the first COVID-19
mRNA vaccine technology transfer hub in South Africa [13].

The establishment of vaccine production capacity, including for COVID-19, presents
unique challenges in Africa. Many African countries encounter obstacles such as lim-
ited knowledge, scarcity of raw materials, consumables, and equipment, market access
restrictions, import policies, regulatory limitations in good manufacturing practice (GMP)
inspection, and lengthy delays in dossier review and clearance [11]. Additionally, essential
factors such as facility development, financial support, and technology acquisition must
be considered. These challenges are compounded by other prevalent issues in Africa,
such as inadequate infrastructure, a shortage of healthcare professionals, diverse religious
landscapes, and uneven population distribution [15].

3. The Ongoing Endeavours in Africa to Develop Domestically Manufactured and
Approved COVID-19 Vaccines

More than 80% of Africa’s population remains unvaccinated, largely due to the unequal
availability of vaccine production, of which the available ones are concentrated in a few
high-income nations in Africa [16]. The COVID-19 pandemic shed light on Africa’s heavy
reliance on imported immunizations, with 99% of vaccines being sourced externally from
other parts of the world [17]. Consequently, African governments have faced challenges in
vaccinating their populations. The news of the German biotechnology company BioNTech
establishing COVID-19 vaccine manufacturing facilities in Rwanda and Senegal brought
hope to many African countries [18].

Inadequate and unreliable vaccine supply, coupled with unequal distribution, poor
delivery networks, and infrastructure limitations, have hindered mass vaccination efforts
across the continent. Transferring vaccine technology to African countries is seen as a
positive step toward enhancing immunisation coverage throughout Africa [18]. Some
African countries are actively working on developing their own approved vaccines, aiming
to improve self-sufficiency [19]. Currently, only 10 African vaccine manufacturers are
situated in five countries: Egypt, Morocco, Senegal, South Africa, and Tunisia. However,
the majority of local businesses in Africa focus on packaging, labelling, and occasionally
filling and finishing, with limited upstream manufacturing capabilities [20].

To address these challenges, the US International Development Finance Corporation,
in collaboration with European partners, announced a EUR 600 million (USD 710 million)
financing package for South Africa’s Aspen Pharmacare. By the end of 2023, Aspen’s
factory is expected to produce millions of doses and engage in the “fill-and-finish” process
for approximately 500 million Johnson & Johnson doses [21]. Additionally, South Africa’s
Biovac Institute has taken the responsibility of accelerating the Pfizer vaccine fill-and-finish
production in Cape Town, starting in 2022. In Senegal, the government is partnering
with the Foundation Institute Pasteur de Dakar, with support from the US and Europe, to
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establish a USD 200 million COVID-19 vaccine manufacturing facility that will encompass
both the production of vaccine substances and fill-and-finish operations [21]. Moreover,
Egypt has plans to manufacture Chinese Sinovac at a new Vacsera facility near Cairo, with
a capacity of 1 billion vaccines per year. Egypt is also exploring agreements for drug
substance manufacture and fill-and-finish of Russia’s Sputnik V vaccine, aiming to reduce
Africa’s reliance on vaccine imports [21].

The Coalition for Epidemic Preparedness Innovations (CEPI) and the Institute Pasteur
de Dakar (IPD) have formed a partnership to promote equitable access to vaccines in Africa
and support the African Union’s goal of increasing the share of vaccine supply from African
manufacturers to 60% by 2040. This collaboration aims not only to establish COVID-19
vaccines but also advance vaccine development for other diseases [22].

4. Challenges and Obstacles Faced by Africa in Establishing Vaccine
Producing Industry

Vaccines, known for their cost-effectiveness in controlling and preventing infectious
diseases, have seen limited development efforts in Africa in recent decades [23]. The
continent heavily relies on imported medications, with approximately 70-80% of medicines
being imported [19]. Unfortunately, vaccine production in Africa has been insufficient,
accounting for less than 1% of the vaccines used across the continent. Some local producers
have ceased production due to their inability to compete with imported vaccines, resulting
in obsolescence. Africa has only a handful of vaccine makers [19]. Furthermore, as vaccines
manufactured in India are redirected for domestic use, African countries relying on doses
from COVAX and the Serum Institute of India face delays, contributing to Africa receiving
only 1% of the global COVID-19 vaccine distribution, despite having 17% of the world’s
population [24].

African countries, particularly low-income ones, face challenges related to reciprocity
following vaccine trials in their populations and the need for local vaccine manufacturing.
Access to SARS laboratory facilities is also a concern for scaling up testing and sequencing
for local SARS and detecting variants of the SARS-CoV-2 virus in Africa [25]. To ad-
dress these issues, countries must increase funding for vaccine research, improve access,
strengthen storage infrastructure, maintain an efficient cold chain, ensure effective phar-
macovigilance, and tackle vaccine hesitancy through community education regarding the
vaccines’ benefits, safety, side effects, lack of trust in pharmaceutical industries, and media
misinformation [26]. It is also crucial to identify priority populations for vaccination [25].

According to Foresight Africa 2022, the challenge in Africa is no longer solely about
vaccine supply but rather the unequal distribution of vaccines across the continent. Despite
global vaccine production steadily increasing at a rate of approximately 1.5 billion doses
per month, Africa has received only a small portion of the global supply. By January, Africa
had received about 540 million doses (approximately 6% of all COVID-19 vaccinations) and
administered 309 million doses out of over 9 billion vaccine doses manufactured worldwide,
correlating to only about 10% of the African population being properly immunised [27].

Insufficient resources pose one of the most significant issues for the African continent.
Prior to launching any immunisation program, adequate funding is required for widespread
distribution. For instance, the cost of fully immunising a single child in Africa with the
DTP vaccine (diphtheria, tetanus, and pertussis) ranges from USD 25 to USD 45, excluding
additional logistics costs. Despite the overall positive impact, African leaders often allocate
limited finances to immunisation efforts in their respective countries [28]. Currently, over
USD 12 billion is needed for the COVID-19 immunisation exercise in Africa, including the
purchase of over 1.4 billion doses to vaccinate 60% of the population and achieve herd
immunity [28,29]. However, the financial capacity of most African countries has been
severely impacted by the pandemic crisis, making it challenging to secure the necessary
funding for immunisation [28].

The requirement for a substantial upfront investment and limited financial support
within the continent make repurposing facilities for large-scale vaccine production complex.
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According to a study conducted by the African Vaccine Manufacturing Initiative (AVMI),
the World Health Organization (WHO), and the United Nations Industrial Development
Organization (UNIDO), the cost of constructing a vaccine manufacturing plant in Africa
ranges from USD 60 million to USD 130 million [19].

Africa’s limited participation poses a significant obstacle in developing vaccine indus-
tries. The Africa Centre for Disease Control and Prevention (Africa CDC) has played a
crucial role in managing the COVID-19 response, emphasising the need to increase Africa’s
involvement in research and development. Currently, Africa accounts for only 2% of all
global clinical trials, and increased investment in research and development is necessary to
enhance vaccination efficacy across the continent [29].

A review of COVID-19 broadcast messaging in African countries revealed misinfor-
mation and concealing of the truth about the virus, leading to public distrust, antagonism,
and suspicion towards health officials. Ambiguous signals often result in individuals being
misinformed and overlooking important information. Interestingly, the majority of public
awareness messaging discourages animal contact and COVID-19 vaccine uptake [30].

Storage is another critical issue that needs to be addressed. Vaccination programs in
Africa have long struggled with inadequate storage systems due to limited funds for power
supply, cold chain maintenance, and organised vaccine shipment monitoring. This has led
to product expiration and inactivation in many impoverished countries. Challenges such as
erratic electricity, frequent power outages, limited cold chain equipment and facilities, poor
road networks hindering vaccine distribution, untrained vaccinators, and a lack of basic
amenities like clean water and housing contribute to these storage difficulties, especially in
rural communities and villages [28].

5. Challenges of Intellectual Property Faced in the Transfer of COVID-19 Vaccine
Technology to Africa

The transfer of COVID-19 vaccine technology doesn’t face challenges only due to
issues related to problems from the African government but also due to the transfer of
intellectual property (IP) rights [31]. The proposal for a temporary waiver of IP protections
faced stringent opposition from owner nations, especially the European Union, which
has hindered progress towards achieving equitable access to vaccines on the continent.
However, there have been recent developments, and efforts have brought hope for positive
change and potential solutions to this menace. One of the major obstacles in advancing
the proposal for an IP waiver is the divergence of views on its scope by different countries.
Proponents of the waiver seek to suspend intellectual property protections for all COVID-19
health technologies including vaccines, medicines, diagnostics, and personal protective
equipment [32]. However, some countries express concerns about the broad scope of the
waiver as they argue that alternative measures, such as increasing vaccine supplies through
other means, should be explored instead. Finding common ground and addressing these
concerns is vital to making progress in the transfer of this technology to Africa [33].

Technology transfer and the sharing of know-how are critical components for effective
vaccine production. In addition to intellectual property waivers, developing countries need
access to essential materials and knowledge from original manufacturers and research
institutes. Collaborative mechanisms like the WHO COVID-19 Technology Access Pool
(C-TAP) have been playing a pivotal role in facilitating technology transfer and knowledge
sharing among countries [21]. In the effort of leveraging these collaborative platforms,
African nations can acquire the necessary expertise and resources to enhance their technical
know-how of vaccine manufacturing capabilities, but this collaborative effort has been
plummeting due to the hesitancy of the nations with the intellectual property. Ethical
considerations and the principle of equity are central to the discussions surrounding in-
tellectual property challenges. Striking a balance between protecting intellectual property
rights and meeting global health needs is paramount [34]. While an IP waiver could poten-
tially drive down vaccine costs and increase access, opponents argue that it may disrupt
the global supply chain and divert scarce resources. Finding a solution that addresses these
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concerns while ensuring equitable access to vaccines is crucial to move beyond when faced
with an emergent or new infectious disease [35].

African leaders have been at the forefront of advocating for technology transfer and eg-
uitable access to vaccines. The African Union’s Vaccine Acquisition Task Team (AVATT) has
spearheaded efforts to secure vaccine supplies and build local manufacturing capacity [36].
The recent support from the Biden administration for the IP waiver, as well as the mounting
pressure on opposing countries, has injected renewed hope for progress in the transfer
of the technology. It is imperative that African leaders maintain their proactive stance,
working in collaboration with global health organizations and international partners to
ensure that technology transfer initiatives align with Africa’s priorities and contribute to
overcoming the vaccine shortage on the continent [37].

6. Ethical Considerations and Equity in Vaccine Technology Transfer

The transfer of COVID-19 vaccine technology to low-income countries also presents
ethical challenges and raises questions about equity in global health. It is crucial to prioritize
fair access to life-saving vaccines for all populations, regardless of their socioeconomic
status or geographic location [38]. We explore the ethical considerations and equity issues
surrounding vaccine technology transfer. Ethical considerations in vaccine technology
transfer encompass multiple dimensions. Distributive justice, a principle rooted in ethics,
demands fair allocation of limited resources, including vaccines. Achieving equity requires
ensuring that no population is left behind in the pursuit of vaccination [39]. Additionally;,
ethical practices dictate that informed consent is obtained, participant rights are protected,
and adherence to ethical research standards is maintained. Transparency in collaboration,
knowledge sharing, and technology transfer processes is essential to foster trust and uphold
autonomy [40].

Equity in vaccine technology transfer requires addressing disparities in access, re-
sources, and capabilities. Low-income countries often face challenges related to infrastruc-
ture and resources necessary for effective vaccine production. To ensure equity, technology
transfer initiatives should include capacity-building measures such as knowledge sharing,
technical assistance, and support for local manufacturing [41]. Collaboration between
governments, pharmaceutical companies, and international organizations is crucial to
overcome barriers and promote sustainable vaccine production in resource-limited set-
tings. However, achieving equity in vaccine technology transfer comes with its own set
of challenges. Intellectual property barriers, limited access to research and development
expertise, and economic disparities pose significant obstacles [14]. To overcome these chal-
lenges, stakeholders must consider implementing intellectual property waivers to facilitate
technology transfer. Additionally, expanding technology transfer programs and providing
financial and technical support to low-income countries can help bridge the gaps. Collab-
orative platforms such as the WHO COVID-19 Technology Access Pool (C-TAP) play a
crucial role in facilitating the equitable sharing of knowledge, resources, and expertise [42].

Ethical considerations and equity are vital components of vaccine technology transfer.
By prioritizing fair access, transparency, and collaboration, we can promote the equitable
distribution of life-saving vaccines [39]. Efforts should focus on removing barriers, fostering
technology transfer, and empowering low-income countries to strengthen their vaccine
production capacities. Ultimately, these endeavors save lives and contribute to achieving
global health equity.

7. Recommendations

In the journey towards protecting their people from vaccine-preventable diseases,
African health systems have made remarkable strides. They have diligently implemented
routine immunization plans, improved emergency disease response, and achieved sig-
nificant milestones like the eradication of polio. This dedication and progress reflect the
continent’s unwavering commitment to safeguarding the well-being of its population, a
commitment that is further exemplified in its response to the COVID-19 pandemic. How-
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ever, despite the World Health Organization’s statement on 21 June 2021, progress toward
equitable vaccine access has been disappointingly slow. It is crucial for governments
and organizations like GAVI and the Vaccine Alliance to join forces, fostering a spirit of
cooperation, collaboration, and fairness. Together, they must strive to establish a sys-
tem that ensures timely and unrestricted access to COVID-19 vaccines, leaving no room
for monopolies.

The emergence of new virus strains and the escalating number of daily cases present
African countries with a daunting challenge. Waiting for months, or even years, to gain
access to vaccines may prove to be a daunting and impractical task. Therefore, it becomes
imperative for African governments to go beyond vaccine transfer rather the technology
transfer. They must intensify their efforts in combating COVID-19 by allocating adequate
financial resources, fostering the creation of accurate data and projections, and enhancing
national immunization program coordination. These collective actions will empower
African nations to actively participate in the global partnership for COVID-19 vaccines,
ensuring that their people are not left behind.

In this crucial fight against the pandemic, it is the responsibility of each African
government to rise up and support their local scientists who are passionate about bringing
favorable solutions in the fight against pandemics. They should forge partnerships with
nations owning intellectual property in order to achieve equitable access to expand vaccine
development capacity and the capacity building of earlier career researchers across the
African continent. By embracing this united front, African countries may not only address
the immediate challenges posed by COVID-19 but also lay the foundation for a brighter
and healthier future for their citizens in case of future exposure to other diseases that can
be combated with vaccines.

8. Conclusion

Despite the reduced level of COVID-19 cases and incidence in Africa and the world
at large recently, there is a need for preparing for the possible reemergence of its different
variant strains or some other virus infections in the future. The establishment of vaccine
manufacturing industries in Africa is a necessity to lower vaccine costs, assist in overcoming
vaccine shortages, improve the countries’ ability to respond to outbreaks, and provide a
path for African countries to gain independence from large pharmaceutical companies.
Furthermore, African governments should take charge of this responsibility and form
collaborations with initiatives in developing indigenous innovations to combat COVID-19
in Africa in order to maintain pan-African goals.

Author Contributions: E.K.O.—conceptualization and supervision, S.E.O., D.A.A., T.0.0., AEI and
U.A L—manuscript writing, review, and editing, H.O.—conceptualization, proofreading, and editing.
All authors have read and agreed to the published version of the manuscript.

Funding: No form of financial assistance was received from any external organization, be it in the
public, commercial, or non-profit sectors, during the course of this research.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Acknowledgments: Sincere gratitude and appreciation to the Helix Biogen Institute for the support
provided during the course of writing the review and also appreciation goes to HeTa Food Safety
Research Centre for Excellence at The University of Birmingham, UK.

Conflicts of Interest: The authors declare no conflict of interest.



Life 2023, 13, 1886 90f 10

References

1.  Afolabi, A.A.; Ilesanmi, O.S. Dealing with vaccine hesitancy in Africa: The prospective COVID-19 vaccine context. Pan. Afr. Med.
J. 2021, 38, 3. [CrossRef]

2. Coronavirus Disease (COVID-19) Pandemic, WHO, 2023. Available online: https://www.who.int/emergencies/diseases/novel
-coronavirus-2019?adgroupsurvey={adgroupsurvey}&gclid=Cj0OKCQjwpf2IBhDkARIsAGVo0D3YmnlE3iEAqLQSjRt5Qzsj_7
D_M2yQWn2JjgZNKhzZII-shHqkSosaAqgheEALw_wcB (accessed on 14 July 2023).

3. Hotez, PJ.; Bottazzi, M.E. Developing a low-cost and accessible COVID-19 vaccine for global health. PLoS Negl. Trop. Dis. 2020,
14, e0008548. [CrossRef] [PubMed]

4. Oladipo, E.K; Ajayi, A.E; Oladipo, A.A.; Ariyo, O.E.; Oladipo, B.B.; Ajayi, L.O.; Oloke, ].K. A call: COVID-19 research funding in
Africa. Afr. ]. Clin. Exp. Microbiol. 2020, 21, 256-257. [CrossRef]

5. Forman, R.; Shah, S.; Jeurissen, P.; Jit, M.; Mossialos, E. COVID-19 vaccine challenges: What have we learned so far and what
remains to be done? Health Policy 2021, 125, 553-567. [CrossRef]

6. Wouters, O.].; Shadlen, K.C.; Salcher-Konrad, M.; Pollard, A J.; Larson, H.J.; Teerawattananon, Y.; Jit, M. Challenges in ensuring
global access to COVID-19 vaccines: Production, affordability, allocation, and deployment. Lancet 2021, 397, 1023-1034. [CrossRef]

7.  Establishment of a COVID-19 mRNA Vaccine Technology Transfer Hub to Scale Up Global Manufacturing. Available on-
line: https:/ /www.who.int/news-room/articles-detail / establishment-of-a-covid-19-mrna-vaccine-technology-transfer-hub-t
o-scale-up-global-manufacturing (accessed on 14 July 2023).

8. News Wire. WHO to Establish First Vaccine Tech Transfer Hub in South Africa. In: France 24. 2021. Available online:
https:/ /www.france24.com/en/africa/20210622-who-to-establish-first-vaccine-tech-transfer-hub-in-south-africa (accessed on
14 July 2023).

9.  Oladipo, EK.; Ajayi, A.F; Odeyemi, A.N.; Akindiya, O.E.; Adebayo, E.T.; Oguntomi, A.S.; Oyewole, M.P; Jimah, E.M.; Oladipo,
A.A.; Ariyo, O.E; et al. Laboratory diagnosis of COVID-19 in Africa: Availability, challenges and implications. Drug Discov. Ther.
2020, 14, 153-160. [CrossRef]

10. Coronavirus Cases by Country in Africa 2022. In: Statista. Available online: https://www.statista.com/statistics /1170463 /coro
navirus-cases-in-africa/ (accessed on 14 July 2023).

11. Makenga, G.; Bonoli, S.; Montomoli, E.; Carrier, T.; Auerbach, J. Vaccine Production in Africa: A Feasible Business Model for
Capacity Building and Sustainable New Vaccine Introduction. Front. Public Health 2019, 7, 56. [CrossRef] [PubMed]

12.  Krishtel, P; Malpani, R. Suspend intellectual property rights for COVID-19 vaccines. BMJ 2021, 373, n1344. [CrossRef]

13.  Sheffi, Y. A Shot in the Arm: How Science, Engineering, and Supply Chains Converged to Vaccinate the World. MIT CTL Media,
2021. Available online: https://sheffi.mit.edu/book/shot-arm (accessed on 14 July 2023).

14. Asundi, A.; O’Leary, C.; Bhadelia, N. Global COVID-19 vaccine inequity: The scope, the impact, and the challenges. Cell Host
Microbe 2021, 29, 1036-1039. [CrossRef]

15.  Lucero-Prisno, D.E.; Ogunkola, I.O.; Imo, U.F.; Adebisi, Y.A. Who Will Pay for the COVID-19 Vaccines for Africa? Am. ]. Trop.
Med. Hyg. 2021, 104, 794-796. [CrossRef]

16. Feinmann, J. COVID-19: Global vaccine production is a mess and shortages are down to more than just hoarding. BM] 2021,
375,n2375. [CrossRef]

17.  Editorial, N. Africa is bringing vaccine manufacturing home. Nature 2022, 602, 184.

18.  Soulé, F. Addressing vaccine inequity: African agency and access to COVID-19 vaccines. China Int. Strategy Rev. 2022, 4, 156-165.
[CrossRef]

19. Endong, C.EP. The COVID-19 Pandemic and the Digitalization of Diplomacy; IGI Global: Hershey, PA, USA, 2023.

20. World Health Organization. What Is Africa’s Vaccine Production Capacity? 2021. Available online: https:/ /www.google.com.hk/
url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi6--227pWBAxXUsFYBHRHaDAcQFnoECBQQAQ&url=http
$%3A%2F%2Fwww.afro.who.int%2Fnews%2Fwhat-africas-vaccine-production-capacity &usg=AOvVaw3j30iPhng0INTSCGk
HIgWd&opi=89978449 (accessed on 25 August 2021).

21.  Fu, X,; Buckley, P].; Sanchez-Ancochea, D.; Hassan, I. The world has a unique opportunity: Accelerating technology transfer and
vaccine production through partnerships. J. Int. Bus. Policy 2022, 5, 406—415. [CrossRef]

22. Stamm, A.; Strupat, C.; Hornidge, A.-K. Global Access to COVID-19 Vaccines: Challenges in Production, Affordability, Distribution and
Utilisation; German Institute of Development, & (idos), 2021. Available online: https://www.idos-research.de/discussion-paper/
article/global-access-to-covid-19-vaccines-challenges-in-production-affordability-distribution-and-utilisation/ (accessed on
14 July 2023).

23. Li, T; Zhang, T; Gu, Y,; Li, S.; Xia, N. Current progress and challenges in the design and development of a successful COVID-19
vaccine. Fundam. Res. 2021, 1, 139-150. [CrossRef]

24. National Academies of Sciences; Engineering, and Medicine; Health and Medicine Division; Board on Population Health and
Public Health Practice; Board on Health Sciences Policy; Committee on Equitable Allocation of Vaccine for the Novel Coronavirus.
Framework for Equitable Allocation of COVID-19 Vaccine; National Academies Press: Washington, DC, USA, 2020.

25. Nachega, J.B.; Sam-Agudu, N.A.; Masekela, R.; van der Zalm, M.M.; Nsanzimana, S.; Condo, ].; Ntoumi, F; Rabie, H.; Kruger, M.;

Wiysonge, C.S.; et al. Addressing challenges to rolling out COVID-19 vaccines in African countries. Lancet Glob Health 2021, 9,
e746-e748. [CrossRef]


https://doi.org/10.11604/pamj.2021.38.3.27401
https://www.who.int/emergencies/diseases/novel-coronavirus-2019?adgroupsurvey={adgroupsurvey}&gclid=Cj0KCQjwpf2IBhDkARIsAGVo0D3YmnlE3iEAqLQSjRt5Qzsj_7D_M2yQWn2JjgZNKhzZLI-shHqkSosaAqheEALw_wcB
https://www.who.int/emergencies/diseases/novel-coronavirus-2019?adgroupsurvey={adgroupsurvey}&gclid=Cj0KCQjwpf2IBhDkARIsAGVo0D3YmnlE3iEAqLQSjRt5Qzsj_7D_M2yQWn2JjgZNKhzZLI-shHqkSosaAqheEALw_wcB
https://www.who.int/emergencies/diseases/novel-coronavirus-2019?adgroupsurvey={adgroupsurvey}&gclid=Cj0KCQjwpf2IBhDkARIsAGVo0D3YmnlE3iEAqLQSjRt5Qzsj_7D_M2yQWn2JjgZNKhzZLI-shHqkSosaAqheEALw_wcB
https://doi.org/10.1371/journal.pntd.0008548
https://www.ncbi.nlm.nih.gov/pubmed/32726304
https://doi.org/10.4314/ajcem.v21i4.1
https://doi.org/10.1016/j.healthpol.2021.03.013
https://doi.org/10.1016/S0140-6736(21)00306-8
https://www.who.int/news-room/articles-detail/establishment-of-a-covid-19-mrna-vaccine-technology-transfer-hub-to-scale-up-global-manufacturing
https://www.who.int/news-room/articles-detail/establishment-of-a-covid-19-mrna-vaccine-technology-transfer-hub-to-scale-up-global-manufacturing
https://www.france24.com/en/africa/20210622-who-to-establish-first-vaccine-tech-transfer-hub-in-south-africa
https://doi.org/10.5582/ddt.2020.03067
https://www.statista.com/statistics/1170463/coronavirus-cases-in-africa/
https://www.statista.com/statistics/1170463/coronavirus-cases-in-africa/
https://doi.org/10.3389/fpubh.2019.00056
https://www.ncbi.nlm.nih.gov/pubmed/30949465
https://doi.org/10.1136/bmj.n1344
https://sheffi.mit.edu/book/shot-arm
https://doi.org/10.1016/j.chom.2021.06.007
https://doi.org/10.4269/ajtmh.20-1506
https://doi.org/10.1136/bmj.n2375
https://doi.org/10.1007/s42533-022-00105-2
https://www.google.com.hk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi6--227pWBAxXUsFYBHRHaDAcQFnoECBQQAQ&url=https%3A%2F%2Fwww.afro.who.int%2Fnews%2Fwhat-africas-vaccine-production-capacity&usg=AOvVaw3j3OiPhng0lNTSCGkHlqWd&opi=89978449
https://www.google.com.hk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi6--227pWBAxXUsFYBHRHaDAcQFnoECBQQAQ&url=https%3A%2F%2Fwww.afro.who.int%2Fnews%2Fwhat-africas-vaccine-production-capacity&usg=AOvVaw3j3OiPhng0lNTSCGkHlqWd&opi=89978449
https://www.google.com.hk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi6--227pWBAxXUsFYBHRHaDAcQFnoECBQQAQ&url=https%3A%2F%2Fwww.afro.who.int%2Fnews%2Fwhat-africas-vaccine-production-capacity&usg=AOvVaw3j3OiPhng0lNTSCGkHlqWd&opi=89978449
https://www.google.com.hk/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwi6--227pWBAxXUsFYBHRHaDAcQFnoECBQQAQ&url=https%3A%2F%2Fwww.afro.who.int%2Fnews%2Fwhat-africas-vaccine-production-capacity&usg=AOvVaw3j3OiPhng0lNTSCGkHlqWd&opi=89978449
https://doi.org/10.1057/s42214-021-00124-7
https://www.idos-research.de/discussion-paper/article/global-access-to-covid-19-vaccines-challenges-in-production-affordability-distribution-and-utilisation/
https://www.idos-research.de/discussion-paper/article/global-access-to-covid-19-vaccines-challenges-in-production-affordability-distribution-and-utilisation/
https://doi.org/10.1016/j.fmre.2021.01.011
https://doi.org/10.1016/S2214-109X(21)00097-8

Life 2023, 13, 1886 10 of 10

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

Ackah, B.B.B.; Woo, M.; Stallwood, L.; Fazal, Z.A.; Okpani, A.; Ukah, U.V,; Adu, P.A. COVID-19 vaccine hesitancy in Africa: A
scoping review. Glob. Health Res. Policy 2022, 7, 21. [CrossRef]

Rackimuthu, S.; Narain, K.; Lal, A.; Nawaz, FA.; Mohanan, P.; Essar, M.Y.; Charles Ashworth, H. Redressing COVID-19 vaccine
inequity amidst booster doses: Charting a bold path for global health solidarity, together. Glob. Health 2022, 18, 23. [CrossRef]
Ayenigbara, 1.0.; Adegboro, ].S.; Ayenigbara, G.O.; Adeleke, O.R.; Olofintuyi, O.O. The challenges to a successful COVID-19
vaccination programme in Africa. Germs 2021, 11, 427-440. [CrossRef] [PubMed]

Asadi Faezi, N.; Gholizadeh, P.; Sanogo, M.; Oumarou, A.; Mohamed, M.N.; Cissoko, Y.; Sow, M.S.; Keita, B.S.; Baye, Y AM,;
Pagliano, P; et al. Peoples’ attitude toward COVID-19 vaccine, acceptance, and social trust among African and Middle East
countries. Health Promot. Perspect 2021, 11, 171-178. [CrossRef]

Okereke, M.; Ukor, N.A.; Ngaruiya, L.M.; Mwansa, C.; Alhaj, S.M.; Ogunkola, I.O.; Jaber, HM.; Isa, M.A.; Ekpenyong, A.;
Lucero-Prisno, D.E. COVID-19 Misinformation and Infodemic in Rural Africa. Am. ]. Trop Med. Hyg. 2020, 104, 453-456.
[CrossRef] [PubMed]

Foss-Solbrekk, K. The IP waiver and COVID-19: Reasons for unwavering support. J. Intellect. Prop. Law Pract. 2021, 16, 1347-1359.
[CrossRef]

Singh, H. A Comprehensive Excursus over the Case of Intellectual Property Protection Waiver for COVID-19 Vaccines. GNLU L.
Rev. 2021, 8, 319.

Why the TRIPS Waiver Should Include More than Just Vaccines. Available online: https:/ /www.bu.edu/gdp/2021/06/07 /why-
the-trips-waiver-should-include-more-than-just-vaccines/ (accessed on 14 July 2023).

Perin, M.; De Panfilis, L. Among equity and dignity: An argument-based review of European ethical guidelines under COVID-19.
BMC Med. Ethics 2021, 22, 36.

Erfani, P; Binagwaho, A.; Jalloh, M.].; Yunus, M.; Farmer, P,; Kerry, V. Intellectual property waiver for COVID-19 vaccines will
advance global health equity. BMJ 2021, 374, n1837. [CrossRef]

African Leaders Redefine the Future through Digital Transformation. Available online: https://au.int/en/pressreleases/201902
11/african-leaders-redefine-future-through-digital-transformation (accessed on 14 July 2023).

WHO. Director-General Commends United States Decision to Support Temporary Waiver on Intellectual Property Rights for
COVID-19 Vaccines. Available online: https:/ /www.who.int/news/item/05-05-2021-who-director-general-commends-united-
states-decision-to-support-temporary-waiver-on-intellectual-property-rights-for-covid-19-vaccines (accessed on 14 July 2023).
The mRNA Vaccine Technology Transfer Hub. Available online: https://www.who.int/initiatives/the-mrna-vaccine-technolog
y-transfer-hub (accessed on 14 July 2023).

Reis-Dennis, S.; Applewhite, M.K. Ethical Considerations in Vaccine Allocation. Immunol. Investig. 2021, 50, 857-867. [CrossRef]
Siegle, D. Research Ethics and Informed Consent. 2015. Available online: https:/ /researchbasics.education.uconn.edu/ethics-an
d-informed-consent/ (accessed on 14 July 2023).

Dzau, V.].; Balatbat, C.A.; Offodile, A.C., 2nd. Closing the global vaccine equity gap: Equitably distributed manufacturing. Lancet
2022, 399, 1924-1926.

Olubiyi, I.A.; Emerole, U.A.; Adetula, A.F. Contemporary Challenges to Intellectual Property Rights in Developing Countries:
Looking Beyond the Laws (Nigeria as a Case Study). IIC Int. Rev. Intellect. Prop. Compet. Law 2022, 53, 5-30. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1186/s41256-022-00255-1
https://doi.org/10.1186/s12992-022-00817-5
https://doi.org/10.18683/germs.2021.1280
https://www.ncbi.nlm.nih.gov/pubmed/34722365
https://doi.org/10.34172/hpp.2021.21
https://doi.org/10.4269/ajtmh.20-1488
https://www.ncbi.nlm.nih.gov/pubmed/33382028
https://doi.org/10.1093/jiplp/jpab150
https://www.bu.edu/gdp/2021/06/07/why-the-trips-waiver-should-include-more-than-just-vaccines/
https://www.bu.edu/gdp/2021/06/07/why-the-trips-waiver-should-include-more-than-just-vaccines/
https://doi.org/10.1136/bmj.n1837
https://au.int/en/pressreleases/20190211/african-leaders-redefine-future-through-digital-transformation
https://au.int/en/pressreleases/20190211/african-leaders-redefine-future-through-digital-transformation
https://www.who.int/news/item/05-05-2021-who-director-general-commends-united-states-decision-to-support-temporary-waiver-on-intellectual-property-rights-for-covid-19-vaccines
https://www.who.int/news/item/05-05-2021-who-director-general-commends-united-states-decision-to-support-temporary-waiver-on-intellectual-property-rights-for-covid-19-vaccines
https://www.who.int/initiatives/the-mrna-vaccine-technology-transfer-hub
https://www.who.int/initiatives/the-mrna-vaccine-technology-transfer-hub
https://doi.org/10.1080/08820139.2021.1924771
https://researchbasics.education.uconn.edu/ethics-and-informed-consent/
https://researchbasics.education.uconn.edu/ethics-and-informed-consent/
https://doi.org/10.1007/s40319-021-01138-7

	Introduction 
	Rationale for COVID-19 Vaccine Technology Transfer in Africa 
	The Ongoing Endeavours in Africa to Develop Domestically Manufactured and Approved COVID-19 Vaccines 
	Challenges and Obstacles Faced by Africa in Establishing Vaccine Producing Industry 
	Challenges of Intellectual Property Faced in the Transfer of COVID-19 Vaccine Technology to Africa 
	Ethical Considerations and Equity in Vaccine Technology Transfer 
	Recommendations 
	Conclusion 
	References

