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			Vaccines have played a critical role in controlling disease outbreaks, hence the proliferation of the development and testing of multiple vaccine candidates during the COVID-19 pandemic. Randomised trials are gold standards for evaluating the safety and efficacy of pharmaceutical interventions such as COVID-19 vaccines. However, contextual differences may attenuate effects of COVID-19 vaccines. Thus, the need to conduct COVID-19 vaccine trials in all settings, including in Africa. We conducted a cross-sectional analysis of planned, ongoing, and completed COVID-19 vaccine trials in Africa. We searched the South African National Clinical Trials Register, Pan African Clinical Trials Registry, and International Clinical Trials Registry Platform (ICTRP) on 12 January and 30 April 2022; and complemented this with a search of ClinicalTrials.gov on 17 May 2022. We screened the search output and included randomised trials with at least one recruitment site in Africa. We identified only 108 eligible trials: 90 (83%) evaluating candidate COVID-19 vaccines, 11 (10%) assessing if existing vaccines could prevent SARS-CoV-2 infection, and 7 (7%) evaluating interventions for improving COVID-19 vaccination coverage. South Africa had the highest number of trials at 58 (54%). Beyond South Africa, countries with more than 10 trial sites include Kenya, Ghana, Egypt, Uganda, and Zimbabwe. Among the trials, 14 (13%) do not have principal investigators based in Africa, 39 (30%) are funded by industry, and 91 (84%) are funded by institutions based outside the host country. COVID-19 vaccine trials with recruitment sites in Africa represented only 7% of the 1453 COVID-19 vaccine trials in the ICTRP. The paucity of COVID-19 vaccine trials conducted on the African continent is a cause for concern. This has implications for the role that Africa may play in future pandemics. 

			Significance:

			
					There are generally very few vaccine trials conducted in Africa, relative to the rest of the world.

					The limited vaccine trials in Africa could be attributed to limited expertise and resources, both human and material, as well as lack of perceived market.

					It is reassuring that many COVID-19 vaccines are planned, being conducted, or have been conducted in multiple African countries; but there is a need for more African public sector funding for vaccine trials on the continent.

			

			Introduction

			Vaccination is one of the greatest achievements of the 20th and 21st centuries.1 In the context of the coronavirus disease 2019 (COVID-19) pandemic, vaccination is the world’s greatest hope of reducing the burden of the pandemic. Decisions regarding COVID-19 vaccination, including the type of vaccine, the number of doses and schedule of vaccination, and interventions for increasing coverage, should be informed by the best available scientific evidence. The randomised trial constitutes the summit of the hierarchy of scientific evidence on the safety and efficacy of vaccines and other healthcare interventions.2 Randomised trials have shown that multiple vaccines reduce the risk of acquiring infection with the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and/or the severity of COVID-19.3,4 South Africa participated in randomised trials for several of these vaccines5-11, starting with the Oxford-AstraZeneca vaccine in mid-20205,6.

			These COVID-19 vaccines were subsequently approved or authorised for emergency use in South Africa and other African countries.12 However, before the availability of these vaccines in African countries, new SARS-CoV-2 variants emerged, some with multiple mutations.13,14 These mutations have been shown to reduce vaccine-induced protection15,16 and their prevalence varies considerably across time and place13,14. A high prevalence of such variants could thus potentially warrant a change in COVID-19 vaccination regimens. In addition, studies of vaccinated people who are on immunosuppressive medications in the context of solid organ transplants or other conditions have suggested inadequate humoral immune response to standard vaccine regimens and resultant impaired protection from SARS-CoV-2 infection and disease.17-19 

			Another condition that potentially influences vaccine-induced immunity is HIV.20,21 The prevalence of HIV varies widely across countries, with several countries in southern Africa having the highest prevalence in the world.22,23 The wide geographical variation in HIV prevalence could thus potentially influence decisions regarding dosing schedules for COVID-19 vaccines. In addition, concerns have been raised regarding the safety of candidate vaccines using adenovirus type 5 as the antigen delivery platform in people at high risk of acquiring HIV infection.24-26 Some candidate COVID-19 vaccines employ adenovirus type 5 as the viral vector27, and would require rigorous evaluations in South Africa and other African settings with high background HIV prevalence.

			The potential influence of population differences on vaccine-induced immunity necessitates the conduct of vaccine randomised trials in all settings, including African countries. That was the rationale for this study, which aimed to provide a cross-sectional description of COVID-19 vaccine trials in Africa. 

			Data and methods

			We searched the South African National Clinical Trials Register (SANCTR), the Pan African Clinical Trials Registry (PACTR), and the World Health Organization (WHO) International Clinical Trials Registry Platform (ICTRP)28,29 on 30 April 2022 and ClinicalTrials.gov on 17 May 2022.

			We defined eligibility criteria as trials with at least one site in an African country which assessed the safety, immunogenicity, and/or efficacy of (new or existing) vaccines for prevention of SARS-CoV-2 infection or disease, or which assessed the efficacy of interventions for improving uptake of COVID-19 vaccination. Following discussion of the search strategy among the researchers, one researcher conducted the search on 12 January 2022 and 30 April 2022 combining the search terms “COVID-19”, “COVID 19”, “SARS-CoV2”, “SARS-CoV-2”, and “Coronavirus” in the ICTRP, PACTR, and SANCTR. In addition, the same researcher conducted a search in ClinicalTrials.gov on 17 May 2022 for trials registered from 01 April 2022 to 17 May 2022. The researcher created a master data file with the search output from the three databases and screened the titles and abstracts for eligibility, discarding clearly ineligible studies. Two researchers then assessed the full texts of the remaining records for eligibility, resolving discrepancies by discussion and consensus. The two researchers then discussed their results with a third researcher and the final list of included studies was arrived at by consensus among the three researchers. Two researchers independently extracted pre-defined data from included trial records, resolving differences through discussion and consensus, with arbitration by a third researcher. We conducted descriptive analyses of extracted data in Microsoft Excel™.

			Results

			Our search found 14 603 COVID-19 records. We screened the titles of these records and excluded 14 427 non-vaccine articles and duplicate records. We then screened the full texts of the remaining 176 potentially eligible vaccine-related records and excluded 68. The latter were excluded either because they were not randomised trials or because they assessed non-vaccine COVID-19 prevention interventions. The remaining 108 trial records were deemed eligible and included in this review. The search and selection processes are shown in Figure 1. 
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			Figure 1:	Flow chart showing study search and selection processes.

			A total of 50% (n=54) of the trials had not yet started enrolment, 47% (n=51) were ongoing, 2% (n=2) had completed enrolment, and the status of 1% (n=1) was indicated as withdrawn. Phase 1 trials comprise 16% (n=17), 15% (n=16) are phase 2 trials, 8% (n=9) are phase 2/3 trials, 44% (n=48) are phase 3 trials, 3% (n=3) are phase 4 trials, and 14% (n=15) did not specify the trial phase. The majority (90%; n=97) of trials are recruiting people 18 years and above.

			Four fifths (83%; n=90) of the trials focused on new COVID-19 candidate vaccines, 10% (n=11) assessed the effects of repurposed vaccines – including Bacille Calmette-Guérin (BCG), measles-mumps-rubella (MMR), and oral polio vaccine (OPV) – and the rest of the trials (7%) assessed effects of strategies to increase COVID-19 vaccine uptake. The candidate COVID-19 vaccines being tested in these trials use a wide range of platforms, including whole virus vaccines, protein-based vaccines, viral-vector vaccines, and nucleic acid vaccines.

			Among the 108 trials, 35% (n=38) are single-site trials, 32% (n=35) are recruiting from multiple sites within one country, and 32% (n=35) are multinational trials. With 58 (54%) trials, South Africa had the highest number of trials. Other countries with multiple trial recruitment centres include (in decreasing order) Kenya, Ghana, Egypt, Uganda, and Zimbabwe; each with 15 or more trial recruitment centres (Figure 2). 
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			Figure 2:	Location of recruitment centres of COVID-19 vaccine trials in Africa.

			The principal investigators were based in African countries in 76 (70%) trials and outside Africa in 14 (13%) of the trials. In 18 (17%) trials, the location of the principal investigator was not provided. A small proportion (15%, n=16) of the trials had a summary of the results in the registry record. The funding for the trials came from industry in 30% (n=39), charities and foundations in 13% (n=14), non-industry funding agencies in 7% (n=9), universities in 6% (n=8), and governmental bodies in 5% (n=6) of the 108 trials. Similarly, the trial sponsors were from industry in 54% (n=67), universities in 20% (n=24), charities and foundations in 13% (n=14), professional societies in 6% (n=7), and non-industry funding agencies in 5% (n=6) of trials. Trials were sponsored from the African country where recruitment took place in 27% (n=29) and funded from the recruitment country in 16% (n=17) of the trials. Most sponsors (21%; n=23) and funders (19%; n=21) were from the United States of America. Other countries that sponsored five or more trials include China (13%; n=14), the Netherlands (8%; n=9), the United Kingdom (7%; n=8), and Germany (7%; n=8). Similarly, countries that funded five or more trials include China (10%; n=11), the United Kingdom (6%; n=6), and the Netherlands (5%; n=5). 

			On 19 May 2022, we found 1453 non-duplicate COVID-19 vaccine trial records in the ICTRP; only 108 (7%) of which had at least one recruitment site on the African continent.

			Discussion

			COVID-19 continues to be reported globally, with many countries reporting their highest daily infection numbers in late 2021 owing to the Omicron variant.14,15,30,31 It is without a doubt that vaccination is one of the most effective public health interventions for life-threatening infectious diseases.1,12 Since the beginning of this pandemic, efforts have been made to rapidly develop vaccines and therapeutics against COVID-19.12 

			At the beginning of the pandemic, Maguire and colleagues conducted searches between 23 March 2020 and 03 April 2020 in clinical trial registries and identified 728 COVID-19 studies – 294 (40%) of them randomised trials.32 The distribution of these trials was centred in the countries most affected by COVID-19 in the previous 2 months, such as China, with very few trials planned in Africa. 

			We sought to describe clinical trial registry data on COVID-19 vaccine trials conducted in Africa using four registry databases (ICTRP, ClinicalTrials.gov, PACTR, and SANCTR). The ICTRP is a one-stop portal for clinical trial registry data from primary registers.29 It was established following the Ministerial Summit on Health Research in November 2004, whose participants called for WHO to facilitate the establishment of ‘a network of international clinical trials registers to ensure a single point of access and the unambiguous identification of trials’33. This was further expanded on during the 58th World Health Assembly that called on the global scientific community, international partners, the private sector, civil society, and other relevant stakeholders to ‘establish a voluntary platform to link clinical trial registers’; a call which was supported by the International Committee of Medical Journal Editors.33 The ICTRP facilitates prospective registration of all clinical trials and the public accessibility of that information.29 Within the ICTRP, there is a WHO Registry Network of prospective trial registries with a forum to exchange information and establish best practices for clinical trial registration. The WHO Registry Network comprises primary registries, partner registries, and data providers. There are currently 17 primary registries in the WHO Registry Network which send data to the ICTRP monthly.29 The only member of the WHO Registry Network in Africa is PACTR, which is hosted by the South African Medical Research Council.28,29 PACTR was established in 2007 as the AIDS, Tuberculosis, and Malaria Clinical Trials Registry.33 The scope of the registry expanded in 2009 to include all diseases. PACTR registers trials according to ICTRP guidelines and sends data files monthly to the ICTRP.28 The largest provider of monthly data on randomised trials to the ICTRP is ClinicalTrials.gov, a registry based in the United States of America.34 There is a 1-month delay between registration in PACTR and ClinicalTrials.gov, and accessibility in ICTRP as data files are sent from both registries to the ICTRP monthly. Therefore, we conducted additional searches in both PACTR and ClinicalTrials.gov where we expected most African trials to be registered. 

			The South African Medical Research Council also hosts SANCTR35, which contains updated information on clinical trials being conducted in South Africa but is not yet a member of the WHO Registry Network. In 2005, the South African National Department of Health established SANCTR and mandated that all new trials planned to be conducted in South Africa be registered in the registry.35 SANCTR is independent of PACTR, ClinicalTrials.gov, and the ICTRP as SANCTR does not feed data to any of these databases. It was necessary to search all four databases (i.e. ICTRP, ClinicalTrials.gov, PACTR, and SANCTR) to ensure that we did not miss any ongoing or planned trial in Africa. 

			We identified 108 vaccine-related trials conducted in Africa with South Africa having the highest number of recruitment sites as of 30 April 2022. In these clinical trials, it is encouraging that most of the principal investigators are from Africa. We further show that one third of the trials conducted in Africa are multi-site studies within the same country, while one third are multi-country studies. However, only a small proportion of the trials are funded by the African public sector. 

			The pandemic has prompted extraordinary efforts in research and development globally, but of the close to 1500 randomised trials of COVID-19 vaccines underway worldwide, only a small number are taking place in Africa.

			There is a need for more research in Africa to provide context-specific information on the safety and efficacy of new drugs and vaccines in African populations.36,37 The scarcity of COVID-19 trials in Africa may be attributed to uneven development of infrastructure and clinical facilities as well as the volatility of clinical regulatory timelines. In addition, commercial interests and perceived low value of the market for vaccines in Africa could be another major reason for low vaccine clinical trial activity in Africa. However, it is important to emphasise the need for clinical trial data on vaccines in different settings owing to the diversity of populations, the prevalence of background co-morbidities, and contextual differences within and across continents. More randomised trials are needed in Africa to assess the efficacy of existing COVID-19 vaccines against new variants of SARS-CoV-2 such as Omicron, which is the rapidly spreading variant of concern since late 2021.14 

			Conclusion

			The paucity of COVID-19 vaccine trials conducted on the African continent is a cause for concern. This has implications for the role that Africa may play in future pandemics. The continent needs to allocate public funds to fund research, development, and innovation; invest in clinical trial capacity; and improve regulatory pathways to facilitate timely participation in vaccine trials.
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