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Abstract

Background: Global health emergencies consistently expose and exacerbate vaccine inequities, with high-income countries prioritising their populations and leaving low- and middle-income countries (LMICs) facing delays and shortages. Diseases primarily affecting LMICs receive limited attention from global vaccine developers because of perceived low market value and limited financial return, further entrenching these disparities. Africa’s limited investment in vaccine manufacturing has heightened its vulnerability during outbreaks, including yellow fever, Ebola, meningococcal meningitis, mpox, and most recently, coronavirus disease 2019 (COVID-19).

Aim: This study examines the barriers to vaccine equity in Africa and critically analyses Nigeria’s post-COVID-19 efforts to establish a viable, local vaccine manufacturing ecosystem.

Setting: The research focuses on Nigeria within the broader African vaccine manufacturing landscape, using it as a case study to explore both national and continental dynamics.

Methods: The study draws on document analysis of strategic plans, regulatory reports, and partnership announcements, complemented by qualitative insights from key informant interviews with stakeholders involved in vaccine policy, regulation, and production in Nigeria and across West Africa.

Results: Post-pandemic momentum has catalysed significant shifts: Nigeria has developed a national vaccine manufacturing strategy and secured international partnerships and financing commitments. The regulatory authority, National Agency for Food and Drug Administration and Control (NAFDAC), achieved the World Health Organization (WHO) Maturity Level 3 status, marking critical progress. Nonetheless, persistent gaps remain in research and development capacity, workforce development, regulatory agility, and infrastructure readiness.

Conclusion: While Nigeria has made notable progress since the COVID-19 pandemic, sustainable vaccine manufacturing requires long-term investment in research and development, policy reform, skills development, and regional cooperation. Failure to address these challenges systematically risks undermining current gains.

Contribution: This article provides insights to support ongoing and future investments in Nigeria’s vaccine manufacturing sector, guiding government policy, international partnerships, and potential investors.
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Introduction

During the coronavirus disease 2019 (COVID-19) pandemic, countries faced a stark inequity in access to health products, including vaccines, therapeutics and diagnostics.1,2,3 As the pandemic spread, there were widespread disruptions in supply chains, leading to shortages of essential vaccines needed to control the spread, medical supplies and equipment in various parts of the world.4,5 The concentration of manufacturing facilities in specific regions exacerbated these challenges, as lockdowns, travel restrictions and logistical bottlenecks impeded the smooth flow of goods, including vaccines.6 This heightened the realisation that reliance on a few key manufacturing hubs leaves the global community vulnerable to unforeseen disruptions. Since then, there have been recommendations and initiatives to decentralise manufacturing capabilities and establish a more geographically diverse network of production facilities for vaccines and other health products.7,8 This article situates the COVID-19 vaccine inequity experience within a broader historical context of health crises, exposing vulnerabilities in vaccine manufacturing.

Vaccine inequity, defined as unequal distribution and access to vaccines in certain regions, remains an important issue, especially during global health emergencies, most recently exemplified by COVID-19 and mpox.9 Key factors driving inequity include vaccine nationalism, intellectual property restrictions and limited access to technical know-how, insufficient manufacturing capacity and fragile healthcare systems.10

There are several reasons why vaccine inequity is most pronounced during emergencies. Firstly, high-income countries (HICs) typically secure early access to vaccines, leaving low- and middle-income countries (LMICs) facing delays and shortages. For example, despite the urgent need for 10 million mpox vaccine doses in Africa, as assessed by the Africa Centres for Disease Control and Prevention (CDC) in 2024,9 less than 1 million doses were allocated to African countries, with donations from the United States (US), Canada, the European Union and Japan.11 It is also unclear how many African countries have procured doses themselves, especially given the high cost.9 The Democratic Republic of Congo (DRC), one of the worst-affected countries, only commenced a vaccination programme in October 2024, long after the virus had spread across the region. This mirrors the challenges faced during COVID-19 when resource-limited countries struggled to secure vaccines on time.

Additionally, because of limited market opportunities, vaccine developers and manufacturers invest limited resources, if any, in vaccines to combat diseases primarily affecting LMICs, such as mpox and Lassa fever, exacerbating access inequity to potentially life-saving interventions.12 High-income countries’ developers and manufacturers typically prioritise diseases impacting their markets with higher profit margins, leaving LMICs without vaccines for regional diseases or reliant on donations and delayed access.13

In 2021, the African Union (AU) set an ambitious goal – ‘to develop, produce, and supply more than 60% of the vaccine doses required on the continent by 2040’, with 10% of these doses produced on the continent by 2025.14 Some progress is evident with the construction of messenger ribonucleic acid (mRNA) vaccine manufacturing facilities in Rwanda and active technology transfer initiatives in Morocco, Egypt, Senegal and South Africa.15 Countries such as Kenya, Ethiopia, Ghana, Nigeria and others have recently developed strategies and are working towards action. According to a 2024 survey by Africa CDC and PATH, an estimate shows 25 active vaccine projects across Africa: five manufacturers have commercial-scale facilities with ongoing or completed technology transfers, five have such facilities but have not yet secured technology transfers and 15 are in earlier development stages.16

This article explores progress in vaccine manufacturing across Africa post COVID-19, focusing on Nigeria’s strategy. It provides an original analysis of Nigeria’s vaccine manufacturing ambitions within the context of health security and post-COVID-19 resilience, drawing on policy documents, stakeholder interviews and regional initiatives. It assesses implications for epidemic preparedness and regional manufacturing coordination.

Research methods and design

This study employed a qualitative design to explore Nigeria’s progress and strategy for local vaccine manufacturing in the post-COVID-19 context, situating it within Africa’s broader health security and regional manufacturing agenda.

Data collection combined two main approaches: semi-structured interviews with key national and regional stakeholders and document analysis of relevant national strategies and regional initiatives. Reviewed documents included Nigeria’s National Vaccine Policy, the National Plan for Vaccine Development and Manufacturing, COVID-19 recovery and health security frameworks and continental strategies such as the African Union’s PHAHM (Platform for Harmonised African Health Products Manufacturing) Framework for Action.

Semi-structured interviews were conducted with policymakers, regulatory officials, local pharmaceutical manufacturers and representatives from regional and international bodies supporting vaccine manufacturing and epidemic preparedness. Participants were purposively selected for their direct roles in policy development, implementation or coordination.

Data were analysed thematically using two conceptual frameworks: the Four-by-Four Framework, which examines how informal institutions (social norms), formal institutions (policies and regulations), organisational structures (governance and missions), and everyday exchange (service delivery) enable or constrain innovation; and the Control Knobs Framework, which considers how financing, payment systems, organisational arrangements, regulation, and stakeholder behaviours interact to shape health system outcomes.

Findings were triangulated across policy documents and stakeholder insights to assess Nigeria’s institutional readiness, alignment with continental vaccine manufacturing goals, and implications for future epidemic preparedness and regional manufacturing coordination.

Ethical considerations

Ethical clearance to conduct this study was obtained from the National Health Research Ethics Committee of Nigeria (NHREC) (No. NHREC/01/01/2007-27/09/2024) and the London School of Hygiene and Tropical Medicine Research Ethics Committee (No. 31269). Participation in the study was entirely voluntary. Before taking part, participants were provided with a detailed information sheet outlining the purpose of the study, the methods involved, potential risks and benefits, and their rights as participants. Participants were given the opportunity to ask questions and discuss the study before signing a consent form.

Results

Consequences of Africa’s limited investment in vaccine manufacturing and R&D

Despite being home to more than 1.2 billion people, Africa accounts for less than 1% of global vaccine manufacturing.14 The continent’s reliance on imported vaccines and limited investment in manufacturing and research and development (R&D) has left it highly vulnerable to disease outbreaks. The following examples illustrate major outbreaks whose impact could have been mitigated with improved vaccine access and development capabilities.

Yellow fever has been endemic to several African countries for centuries. Although the virus was first identified by the Institut Pasteur in Dakar (IPD), Senegal, which also produces vaccines, production capacity remains insufficient to meet the demands of endemic countries.17 While a highly effective vaccine has been available since the 1970s, poor vaccination coverage has led to recurring outbreaks. A large outbreak in Angola from 2015 to 201618 exposed Africa’s limited vaccine access.18,19 At that time, yellow fever vaccine production was limited to a few global manufacturers, most located outside Africa.19 As a result, African countries often relied on delayed and insufficient supplies of yellow fever vaccines from international emergency stockpiles managed by the World Health Organization (WHO) and United Nations Children’s Fund (UNICEF).20,21 The response was additionally hindered by weak infrastructure and inadequate health systems that struggled to deliver yellow fever vaccines quickly.18

The 2014–2016 Ebola epidemic equally highlighted vaccine inequity: while vaccine development was expedited in response to the outbreak,22 there were significant delays in conducting vaccine trials, and the experimental vaccine was limited to emergency use under highly controlled conditions.23 This meant that the countries most affected – Sierra Leone, Guinea and Liberia – could not access vaccines in time to halt the spread of the disease. The lack of industry incentives to invest in this disease, with sporadic, relatively small outbreaks and no clear buyer, highlighted how the market naturally prioritises profitability over public health needs, sometimes labelled a ‘market failure’. This reflects the inherent limitations of traditional market dynamics. International partnerships for vaccine R&D, including institutions such as the Coalition for Epidemic Innovations (CEPI), were established in recognition of this gap and response to the crisis.24 However, the delay in developing an Ebola vaccine underscored how Africa’s dependence on external actors left the continent vulnerable to outbreaks.

The 2009 H1N1 influenza pandemic (commonly known as swine flu) again demonstrated how global health emergencies disproportionately affect LMICs. Despite the global threat posed by the virus, vaccine access was highly uneven.25 Wealthy countries quickly secured the majority of available doses through advanced purchase agreements with pharmaceutical companies, leaving African countries and other LMICs with limited or no access to vaccines during the pandemic’s critical early stages.26

Root causes of vaccine inequity

A critical issue for Africa has been the near-total reliance on a manufacturing industry for vaccines outside of the continent. This lack of investment in domestic manufacturing capacity has led to a situation where African countries are heavily dependent on international procurement systems such as Gavi the Vaccine Alliance27 or on donations during public health emergencies, as was seen during COVID-19 and now with mpox.28 When global demand surged during crises, such as with the H1N1 influenza or the COVID-19 pandemic, African countries were often last to receive vaccines.

Even when vaccines were available, financial barriers made it difficult for many African countries to secure sufficient quantities to meet their needs.27,29 Vaccines are often expensive, and LMICs, particularly those in Africa, faced budgetary constraints that limited their ability to purchase vaccines independently.30 In addition, many African countries were and continue to be dependent on donor funding and international aid to meet their health needs.31,32 This reliance on external funding sources has created vulnerabilities, as donor priorities may not always align with the health needs of African countries.33

The ability to effectively distribute and administer vaccines is dependent on a well-functioning health system, including cold chain infrastructure, trained healthcare workers, and access to remote areas.34 Many African countries have historically struggled with weak healthcare infrastructure, affecting their ability to execute vaccination campaigns swiftly and efficiently. This issue was particularly pronounced during the yellow fever and Ebola outbreaks between 2014 and 2016, where inadequate infrastructure delayed the timely distribution of vaccines to affected populations.21,35,36

Global health governance structures, including those governing vaccine procurement and distribution, face challenges despite their intents. Advanced economies often enter into agreements with pharmaceutical companies to secure large quantities of vaccines, leaving LMICs to rely on mechanisms such as COVAX (for COVID-19) or international donations for access.37 The African Union’s Vaccine Acquisition Task Team (AVATT) faced supply constraints, leaving the total doses delivered unclear. This highlights the need for robust demand-pooling systems during ‘peacetime’. The pharmaceutical industry, often driven by profit incentives, tends to prioritise diseases affecting HICs, leading to a ‘market failure’ in addressing diseases that disproportionately affect African populations, such as malaria, HIV and Ebola.38 These factors are visualised in Figure 1.38
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Post-COVID-19 initiatives: Advocating for local vaccine manufacturing in Africa

Establishing local vaccine manufacturing potentially offers numerous advantages, such as enhanced self-sufficiency, quicker responses to outbreaks, and reduced reliance on imports.12 However, significant challenges remain, including infrastructure limitations, regulatory hurdles, a lack of technical expertise, interest in sharing intellectual property and tech transfer, and the need for sustainable financing.12 Manufacturing alone cannot resolve issues related to distribution, equitable access, and integration into health systems, or market sustainability.

In 2021, the WHO established an mRNA vaccine technology transfer programme to help LMICs establish mRNA manufacturing capacity, starting with COVID-19 vaccines.39 In 2021, the Africa Centres for Disease Control (Africa CDC) established the Partnership for Africa Vaccine Manufacturing (PAVM) (renamed and expanded to PHAHM – Platform for Harmonized African Health Products Manufacturing in April 2024) as a continental strategy to scale up vaccine manufacturing capabilities.14

In June 2024, Gavi announced the launch of the African Vaccine Manufacturing Accelerator (AVMA) as a financing mechanism designed to allocate up to $1 billion over 10 years towards expediting the growth of commercially sustainable vaccine manufacturing in Africa.40 Beyond this, countries such as Nigeria, Rwanda, Senegal and South Africa have announced partnerships to advance local vaccine manufacturing.41,42

South Africa has emerged as a front-runner in vaccine production, mainly through the efforts of Aspen Pharmacare, BioVac and with Afrigen as the host of the WHO’s mRNA Technology Transfer Hub.39 In September 2024, Aspen announced plans to manufacture mpox vaccines at its facility.43 Despite these efforts, there have been challenges, including the refusal of high-income country-based companies to share intellectual property with local vaccine manufacturers. The government’s decision in 2023 to purchase pneumococcal vaccines from India, despite having a local manufacturer capable of production, highlights the significant role of cost-competitiveness in vaccine procurement.44 This underscores how economic factors, such as competitive pricing, can undermine the viability of local manufacturing, even when capacity exists.

Senegal and Egypt have long-established institutions advancing vaccine production, although they face challenges in scaling up their capabilities. Institut Pasteur in Dakar has been a critical player in vaccine production for yellow fever vaccines for decades, with plans to commemorate its 100th anniversary in 2024. It is the only African manufacturer prequalified by the WHO to produce yellow fever vaccines.19 With funding from CEPI, the European Union and other donors, IPD is building new facilities to expand its vaccine production capacity. Senegal still faces challenges, including ensuring sustainable funding, developing local expertise, and overcoming the national regulatory authority’s limited capacity.14

In Egypt, the government has focused on expanding its domestic vaccine production capacity through its state-owned company, Vacsera, established in 1881 and with fill and finish capabilities.45 Egypt partnered with Sinovac to produce COVID-19 vaccines locally, which allowed the country to reduce its reliance on imports and supply vaccines domestically and regionally.45 Egypt also aims to produce pentavalent and hepatitis vaccines through a partnership with Serum Institute of India.46 While Egypt’s vaccine manufacturing initiatives have been successful, challenges include scaling up production to meet regional demand and ensuring that locally produced vaccines meet international quality standards.30

Nigeria’s post-COVID-19 vaccine manufacturing plans

In Nigeria, a country with a large and diverse population, infectious diseases and emerging epidemics pose significant health challenges.47 The Africa CDC’s PHAHM framework for action recognises that the number of countries that would become ‘self-procuring’ for vaccines is expected to grow in the next decade as more countries, including highly populated countries such as Nigeria, are expected to transition from Gavi support.14 Despite Africa’s large population size and high burden of disease, there is minimal capacity for vaccine research and development and manufacturing in Nigeria.46

Nigeria’s limited vaccine research and development capacity could be linked to several challenges. These include the limited domestic funding available for research, inadequate infrastructure, limited expertise, including for regulatory approvals, the limited number of biotechs, and concerns regarding data quality and integrity, among others.48,49,50 In 2021, a National Vaccine Policy was established to address some of these issues, including providing funding for R&D, and in 2023, a National Plan for Vaccine R&D and Local Production was published.51

Among its goals and timelines, this plan highlights the intention to establish (1) a lab-scale plant focused on mRNA technology to contribute to clinical advancements tailored to local diseases, with an estimated completion timeline of 3 years to 4 years; (2) fill and finish capacity for non-live vaccine products within 2 years to 3 years; (3) a full-scale domestic manufacturing plant, including drug substance production and fill and finish capabilities for live attenuated vaccines, which is anticipated to be operational within 3 years to 4 years.

In September 2023, Nigeria announced the ‘Presidential Unlocking Healthcare Value-Chain Initiative’, or PVAC, representing the government’s plan for medical industrialisation in Nigeria to enable collaboration between the public and private sectors to drive innovation and enhance healthcare product development. The goal, according to the government, is to transform the Nigerian health sector by boosting local production of health products and technologies, improving job quality and quantity in the healthcare value chain, and reducing medical tourism. Since the announcement of this initiative, the Government of Nigeria has announced investments worth $240 million from an unnamed Brazilian pharmaceutical company for local manufacturing of pharmaceuticals, with Belgian biotech UniverCells, and a $1bn ‘funding line’ for viable health investments from the African Export-Import Bank.52

Following the COVID-19 pandemic, the European Union launched the ‘Team Europe Initiative on Manufacturing and Access to Vaccines, Medicines, and Health Technologies (MAV+)’. This initiative aims to strengthen African countries’ local pharmaceutical systems and manufacturing capacities. Under MAV+, the Government of Nigeria and the EU signed a cooperation agreement through which the EU will provide €18m within an unannounced timeline to support Nigeria’s efforts to enhance the local production of vaccines and other health products.53

According to a 2022 report by the Wellcome Trust, Nigeria has two companies with varying R&D and manufacturing capacities.54 Both companies, Innovative Biotech and BioVaccines, were founded in 2005. Innovative Biotech has been reported to possess R&D capabilities for Ebola, yellow fever, COVID-19, and HPV,54 as well as fill and finish capacity. However, beyond results from surveys and reports, there remains a lack of evidence of production, including scientific research outputs, to substantiate these claims. BioVaccines Nigeria Limited is a public–private venture jointly owned by the Federal Government of Nigeria and May and Baker Nigeria PLC. However, operations have not begun because of limited access to funds. BioVaccines is described as an ‘aspirational partner’ of the WHO mRNA technology transfer Hub compared to other established spokes. It is establishing a facility to advance its vaccine manufacturing goals.

Regulatory capacity is an important aspect of the vaccine manufacturing ecosystem, as insufficient regulatory oversight can lead to compromised product (vaccine) quality, adverse effects, and jeopardise public trust.55 In addition, vaccine procurement agencies such as Gavi require vaccines to receive prequalification from the WHO, which requires the national regulatory agencies of countries where vaccine manufacturing occurs to operate at a minimum of Maturity Level 3 for vaccine production.55 Therefore, understanding the country’s regulatory capacity is essential. The National Agency for Food and Drug Administration and Control (NAFDAC) is Nigeria’s national medicines regulatory agency, responsible for ensuring the safety, quality, and efficacy of vaccines and other pharmaceutical products in Nigeria. As the primary regulatory body, NAFDAC’s policies and activities significantly influence the landscape of vaccine manufacturing and distribution within the country. According to a WHO-led survey in 2022, pharmaceutical sector stakeholders have varying levels of confidence in NAFDAC’s regulatory pathways for vaccine registration and lot release, with 42.8% expressing high confidence. Similarly, 40% of respondents acknowledged the existence of defined policies and procedures for vaccine regulation, although 37.1% were uncertain.56 These findings suggest a need for greater visibility and awareness of NAFDAC’s regulatory systems to support vaccine manufacturing initiatives. In addition, the review suggests that there is limited understanding and implementation of regulatory reliance and convergence mechanisms within NAFDAC.

In 2022, the WHO certified NAFDAC as operating at Maturity Level 3 for medicines and vaccines without production. This means Nigeria has a functional regulatory system for medicines and imported vaccines. However, a further evaluation will be required for local vaccine manufacturing. Further research would need to investigate the barriers and facilitators to implementing the requirements to reach regulatory competencies, evaluate how other countries have successfully implemented regulatory reliance and convergence mechanisms, and identify what lessons can be applied to the Nigerian context.

Firstly, Nigeria’s renewed focus on local vaccine manufacturing could be described as timely and relevant as Nigeria prepares to transition from Gavi’s support by 2028. It highlights the urgency of developing sustainable, self-reliant vaccine manufacturing and procurement mechanisms. Secondly, through PVAC, Nigeria is considering strategies and focus areas for investment to advance its local vaccine manufacturing goals. Thirdly, given Nigeria’s population size and vaccine market, the success (or lack of) of its local vaccine manufacturing strategy could impact initiatives such as the Africa CDC’s PHAHM.

While this article focuses on human vaccine production, it is important to recognise Nigeria’s existing capacity in animal vaccine production. The National Veterinary Research Institute (NVRI) has been a key player in veterinary vaccine production for over seven decades, developing 22 bacterial and viral vaccines using conventional technologies like embryonated chicken eggs, cell culture and bacterial culture.57 The NVRI’s operations are evenly split between research and vaccine production, and the institute is expanding into modern biotechnologies, including deoxyribonucleic acid (DNA) and mRNA technologies.56

Discussion – What next for Nigeria?

Vaccine availability and accessibility are complex challenges influenced by political, economic and socio-cultural factors. Political considerations such as government policies, regulations and international agreements significantly influence vaccine manufacturing and distribution. Nigeria’s dependence on Gavi for routine vaccination needs and its upcoming graduation, which requires readiness to self-procure vaccines, are contributing to the urgency of local manufacturing capacity.

For vaccine manufacturing plans to succeed, robust policies, investment in R&D, a skilled workforce, regulatory strengthening, market analysis and partnerships with global stakeholders must support the efforts. Despite ambitious plans through initiatives such a PVAC and the National Vaccine Policy, policy implementation and investment gaps remain. The closure of the Federal Vaccine Production Laboratory in Lagos in 1991 underscores the importance of learning from past failures to ensure success in future efforts.

Regulatory capacity remains a critical challenge. While NAFDAC’s attainment of Maturity Level 3 is a positive step, strengthening its organisational and regulatory competencies to support local vaccine manufacturing is urgent. The limited understanding and implementation of regulatory reliance and convergence mechanisms indicate a need for improved international collaboration, adaptation of models from other countries and capacity building.

Nigeria’s current R&D capacity, as demonstrated by institutions such as the National Institute for Pharmaceutical Research and Development (NIPRD) and the Nigerian Institute of Medical Research (NIMR), shows potential but suffers from limited published research and evidence to support local manufacturing ambitions. Understanding the gaps and strengthening R&D capabilities, particularly in emerging technologies such as mRNA, will be crucial for advancing Nigeria’s vaccine manufacturing ambitions.

Local vaccine manufacturing can offer economic and societal benefits, including job creation, economic growth and reduced import dependency, contributing to health security and resilience. However, government commitment is critical to enabling regulation, infrastructure, market demand and equitable technology transfer. Without this, progress may be hindered, leading to wasted resources. Aspen Pharmacare’s experience in South Africa, which is faced with a lack of orders, including from the South African government, underscores the need for such a comprehensive approach.

Any strategy to enhance local vaccine manufacturing must be tailored to Nigeria’s unique socio-political and economic contexts, including infrastructure gaps, workforce shortages and in-country disparities. Engaging local communities and stakeholders in the planning and implementation process will be crucial for ensuring that the benefits of these initiatives are equitably distributed and that they address the most pressing health needs of the population.

Conclusion

Nigeria’s progress in vaccine manufacturing could have significant implications beyond its borders. As Africa’s most populous country and with a significantly high burden of vaccine-preventable diseases and risk of infectious disease outbreaks,47 Nigeria’s experience in this area could serve as a model for other African countries, potentially influencing regional strategies and policies. The PHAHM and other continental initiatives stand to benefit from Nigeria’s experiences and outcomes, underscoring the interconnected nature of these efforts.

The progress and sustainability of Nigeria’s vaccine manufacturing initiatives will depend on several factors: effective policy development and implementation; an assured market, whether local or international; sustained government commitment, leveraging national, regional and global support; and the ability to attract and retain investment. It will also involve a long-term strategy of creating a supportive environment for public–private partnerships, essential for long-term success. The Regional Vaccine Manufacturing Collaborative set out a framework for the various elements needed to establish sustainable manufacturing that can be applied to Nigeria.58

Finally, a systematic assessment of the institutional enablers and barriers to Nigeria’s vaccine manufacturing plans, with detailed strategies to address them, should be considered. This feasibility study should ensure alignment with practical realities and global best practices by evaluating factors such as technical expertise, infrastructure readiness, regulatory frameworks, and financial sustainability or market demand to determine the viability of local vaccine manufacturing.

With the right strategies and sustained commitment, Nigeria has the potential to become a key player in global vaccine manufacturing, contributing to a more equitable and resilient health landscape.
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