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The high prevalence of infectious diseases in Africa, combined with weak healthcare systems, poor
antimicrobial stewardship, and an unchecked drug supply chain, is steadily reversing the trend in the
fight against infectious diseases in this part of the world, posing severe threats to antimicrobial resistance
(AMR). AMR continuously evolves and threatens to undermine antimicrobial efficacy and undo advances
against infectious diseases. This brewing pandemic is now recognized as a significant worldwide health
danger, implicated in several cases of morbidity, mortality, and increasing healthcare costs. Vaccine tech-
nology has been proven to be the principal remedy to this imminent danger since it prevents microbial
infections. However, since Africa cannot produce its vaccines, it relies on external sources and, as a result,
it is significantly affected by vaccine nationalism, hoarding, and instabilities in global supply chains. This
has further adversely impacted the ability of African governments to regulate rollouts, protect their cit-
izens, and ultimately rejoin the global economy. This dependency is a severe challenge to Africa’s health
resilience, as it is unsustainable. Given the inevitability of potential global pandemics and the alarming
incidences of multi-drug resistance infections reported daily, Africa must develop the capability to pro-
duce its vaccines.
The review utilized a systematic search of academic databases and grey literature, as well as a manual

search of relevant reports and articles. In this review, we outline the public health threats and concerns
that AMR poses to Africans, and the hurdles and advances achieved in vaccine development over the
years. We also highlight possible strategies, particularly collaborative efforts, that will accelerate vaccine
production and ease the strain of infectious diseases and antimicrobial resistance in Africa. Key findings
indicate that Africa has significant gaps in its vaccine manufacturing and distribution capacity, with only
a few countries having the ability to produce vaccines. Additionally, existing vaccine production facilities
are often outdated and require significant investment to meet international standards. The review also
highlights successful initiatives in Africa, such as the mRNA vaccine hub and the African Vaccine
Manufacturing Initiative, which have demonstrated the potential for building local vaccine manufactur-
ing capacity. The study concludes that Africa needs to prioritize investment in vaccine research and
development, regulatory capacity, and infrastructure to build a sustainable vaccine manufacturing
ecosystem.
Overall, this review emphasizes the urgent need for Africa to develop its vaccine manufacturing capac-

ity to improve vaccine access and strengthen its ability to respond to future pandemics. The findings
underscore the importance of collaboration between African governments, international organizations,
and the private sector to build a resilient vaccine ecosystem in Africa.
� 2023 The Authors. Published by Elsevier Ltd. This is an openaccess article under the CCBY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

In the past, humanity was constantly plagued by infectious dis-
eases, and their life expectancy was regulated by the activity of
ubiquitous and active microscopic organisms. Treatment with
antimicrobials alleviated the condition and gave hope to a some-
what dystopian future [1]. However, these antimicrobials had a
significant limitation: a phenomenon known as antimicrobial
resistance (AMR) [2]. AMR was initially described in Japan in
1956 when strains of Shigella flexneri resistant to streptomycin,
tetracycline, chloramphenicol, and sulfonamides were isolated
[1]. AMR has risen to epidemic proportions, with myriad patho-
genic bacteria discovered to be antibiotic resistant. In a few scenar-
ios, some bacterial species have acquired resistance to a plethora of
extant antibiotics, and the diseases they cause are likely to
become incurable if the situation persists. As a result, AMR is
undoubtedly the most concerning emerging public health threat.
AMR has now become a global epidemic, claiming over 700,000
lives per year globally, and is estimated to cost around 10 million
lives and US $100 trillion annually by 2050 [1,3]. AMR poses a sig-
nificant problem to the health sector, as it hampers the effective
treatment of a wide range of infectious diseases previously treat-
able with regular medications [4]. The World Health Organization
suggested antibiotic resistance measures, which include infection
prevention and control, strengthening healthcare systems, increas-
ing antimicrobial stewardship, and developing novel medications
2

and vaccines [4]. Several authors have emphasized the potential
usefulness of vaccines in preventing and combating infectious dis-
eases as it reduces the consumption of antibiotics which is the
major predisposing factor to antimicrobial resistance [4,5]. This
was later seen in the case of the Pneumococcal Conjugate Vaccine
(PCV), which resulted in the reduction of resistant Streptococcus
pneumonia in the vaccinated population, a phenomenon that con-
ferred herd immunity on the general population [6]. In addition,
vaccines can be used indefinitely with pathogens acquiring little
or no resistance. As a result, they can be used to manage illnesses
for a long time without becoming outdated [7]. This happens
because vaccinations function prophylactically to prevent infec-
tions. In contrast, antimicrobials work therapeutically on an ongo-
ing infection where microbes are actively growing and evolving,
creating a selective pressure that induces the microbes to evolve
to resistant versions [7]. Africa’s success in terms of novel vaccine
launches, eradication of vaccine-preventable diseases (VPDs), and
decreased morbidity and death due to infectious diseases are not
as impressive as other continents. According to the World Health
Organization, a country is deemed self-sufficient when domestic
output covers 90% of household consumption or the export/import
rate exceeds one [8]. This is not the case in Africa, where inequita-
ble resource distribution means that a significant proportion of
neonates and children are at risk of potentially lethal vaccine-
preventable infections. Africa has the highest infectious disease
mortality rate but cannot make necessary vaccines to reduce mor-
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tality, improve longevity, and promote economic growth [9].
Though the Global Alliance for Vaccine and Immunization (GAVI)
has significantly aided in introducing new vaccines in Africa, its
long-term viability is questionable, and new vaccines are scarce
[9]. The population of developing countries is expected to reach
2.9 billion by 2100, with the Democratic Republic of the Congo,
Ethiopia, Uganda, and the United Republic of Tanzania, leading
the way [10]. In addition to this, the ongoing COVID-19 pandemic
revealed Africa’s weakness, as the continent relied utterly on Eur-
ope and America for its vaccine. The goal of this review is to iden-
tify the risks that antimicrobial resistance poses to Africans,
highlight the gaps and opportunities for expediting vaccine devel-
opment and reaffirm the urgent need for African countries to col-
laborate and improve self-sufficiency in vaccine production to
reduce infectious disease transmission, health costs, and, as a
result, morbidity, and mortality from infectious diseases.

Impact of infectious disease and antimicrobial resistance on Africa

The risk of AMR is increasing at an alarming rate, and the situ-
ation may exacerbate in underdeveloped nations due to wide-
spread antimicrobial misuse [11]. In 2014, the World Health
Organization (WHO) reported Africa and South East Asia as zones
with no existing AMR surveillance and monitoring systems [12].
The paucity of quality data, particularly in Africa, is a major chal-
lenge that often leads to insufficient treatment regimens and do
not completely eliminate pathogens implicated in infections [11].
From the few data sources available, it has been discovered that
AMR has a lot of adverse effects on Africa.

High mortality

According to WHO, AMR will be implicated in over 4 million
deaths in Africa by 2050, a figure behind only Asia [13]. Most of
the countries in Africa are low and middle-income countries which
increases the potential for AMR to cause increased morbidity and
mortality. In 2019, antibiotic-resistant bacteria accounted for over
1.2 million deaths [13], and a recent survey indicates that about 24
deaths per 100,000 in Sub-Saharan Africa result from AMR [14].
This is due to the high prevalence of bacterial illness in developing
countries, delayed reporting and treatment of infections, lack of
access to standard diagnostic tools, and access to second-line or
alternative antibiotics [15].

Loss of capital and human resources

It is estimated that emerging economies in Africa could lose up
to 5 percent of the Gross Domestic Product (GDP) due to AMR. This
could lead to a financial difficulty that is much worse than the
2008 world economic meltdown. Besides losing valuable human
resources, AMR costs countries money on healthcare. Due to
antibiotic resistance, hospitalized patients might need to stay
longer in the hospital before recovery, which will cost more money
[16].

Increasing the virulence of existing diseases

Killer infections, such as tuberculosis (TB), have developed
resistance to life-saving antibiotics. O on the other hand, malaria
is implicated in the death of 3,000 African children every day and
is resistant to several drugs it was once susceptible to. Since
AMR makes even minor infections more difficult to treat, nations
with weaker healthcare systems bear the brunt of the conse-
quences of this global crisis. This results in higher healthcare
expenses, longer hospitalization, and higher mortality [17,18].
3

Vaccine- an efficient combatant against antimicrobial resistance

The advancement of AMR poses a significant risk to modern
medicine, and new approaches to tackling drug-resistant bacteria,
such as the development of novel treatments, are desperately
required [19]. Currently, it is difficult to find new, beneficial bioac-
tive compounds with an optimum alignment of antimicrobial
properties, drug metabolism, pharmacokinetic characteristics,
and safety [20]. Furthermore, the numerous uncertainties involved
in developing new drugs and the high cost of large clinical trials
make introducing new therapies to the market nearly impossible
[21]. Vaccines might thus become an essential and successful
weapon in the fight against antibiotic resistance [19]. Vaccines
can affect microorganisms and curb antimicrobial resistance in
numerous ways:
Limiting the use of antimicrobial agents

To prevent potential severe health consequences, including
mortality, physicians in various developing nations frequently pre-
scribe antibiotics to patients without an adequate initial diagnosis
of the causative agent [20]. Also, studies indicate that several cases
of febrile illness that mimic some of the symptoms of bacterial dis-
eases such as typhoid fever are caused by viruses, making antibi-
otic administration inappropriate [22]. Generally, the use and
misuse of antimicrobial agents put microorganisms under selective
pressure, encouraging resistance formation and diffusion. How-
ever, whereas antibiotic resistance is a common side effect of
antibiotic therapy, vaccine resistance is uncommon [23]. This is
because vaccines protect the host when it makes contact with the
infectious agent before they can cause disease, mutate, or trans-
mit their genetic material to other microbes [7]. Since vaccines
prevent pathogenesis, they can help to avoid the improper use of
antibiotics in viral infections and the antibiotic therapy required
to treat ensuing secondary infections [24]. Therefore, the World
Health Organization recommends prioritizing vaccination where
antibiotic resistance is prevalent [22].
Lowering the emergence of resistant serotypes

Vaccination has a significant impact not just on vulnerable
strains but also on resistant serotypes [23]. The introduction of
the Pneumococcal Conjugate Vaccine (PCV) in South Africa was
able to lower the number of instances of Invasive Pneumococcal
Disease (IPD) among 2-year-olds with Streptococcus pneumoniae
strains that were resistant to penicillin, ceftriaxone, and a combi-
nation of several drugs [25]. In the United States, the introduction
of the PCV resulted in a decrease in penicillin-non-susceptible
Invasive Pneumococcal Disease (IPD) by 64% in children under
the age of five and 45% in people over the age of 65 by 2008
[26]. Research has shown that introducing a 50 percent effective
influenza vaccination with 30 percent coverage to individuals over
65 in South Africa or children aged 2 to 5 years in Senegal would
prevent 390 prescriptions per 100,000 population every year
[27]. The researchers also believed that if administered to children
aged 5 years, the same vaccination might avert at least 24,000
antibiotic prescriptions for severe acute respiratory infections each
year [27]. Also, routine immunization of infants at age 9 months
with Typhoid Conjugate Vaccine (TCV) with booster doses at age
15 months is estimated to prevent 46–74% of all typhoid fever
cases in 73 Gavi-eligible countries [28]. It was predicted that vac-
cination would reduce the relative incidence of antimicrobial-
resistant typhoid fever by 16% [30]. Over a 10-year period, vaccine
introduction in conjunction with sensitization and awareness was
estimated to prevent 425 million cases and 506 000 deaths from
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fluoroquinolone typhoid fever, as well as 212 million cases and 342
000 deaths from multidrug-resistant typhoid [29].

Providing immunity by a method of action that is less prone to cause
resistance

There is currently no evidence that vaccines negatively impact
the microbiome; however, broad-spectrum antimicrobials may
disrupt the host microbiome, potentially causing bacterial species
to develop resistance [30]. Antibiotics have an immediate and
long-term impact on the gut microbiota. They do this by reducing
diversity, altering function, increasing host’s susceptibility to infec-
tion, and increasing selection for resistant organisms. Following
gut dysbiosis, many bacteria in the gut create an ideal environment
for horizontal transfer of resistance genes between bacteria.
Adults’ and children’s gut microbiota have been identified as an
important repository of antibiotic resistance genes [31–33]. Most
vaccines also often elicit immunological reactions to target sites,
implying that microbes must undergo several modifications to
avoid vaccination-induced immunity. While antimicrobial resis-
tance is a natural phenomenon with some pathogens, vaccinations
will not accelerate the process. Most vaccines continue to provide
protection even after extended durations of usage [7].

Directly targeting antimicrobial-resistant microbes or resistance-
mediating factors

Antibiotic resistance is a significant issue in Gram-positive
organisms, including Staphylococcus aureus, Clostridium difficile
and Enterococci [34]. Also, Candida species are usually implicated
in mucosal and disseminated infections in patients with compro-
mised immune systems, which antimicrobial therapy exacerbates
[35]. Vaccines against these infections are now achievable and
likely to succeed, thanks to advancements in vaccine technology
and a better knowledge of immunologic responses. Many of these
pathogens contain polysaccharides on their surfaces that vaccines
are most likely to target. This is the technique behind the highly
effective vaccines against Haemophilus influenza type b, meningo-
cocci, and pneumococci [25]. Vaccines against virulence determi-
nants may also be viable strategies for combating most of these
pathogens [25]. Toxins and adhesins, for example, are generally
conserved among pathogenic individuals of a species such as
Escherichia coli but are not seen in commensal members [36]. These
virulence factors might be promising antigens for multicomponent
vaccines targeting several diseases since they selectively eliminate
pathogens while leaving commensal species [37]. Similar methods
might be used to eliminate other pathogens, such as Clostridium
difficile, which includes both pathogenic and commensal members
[37].

Africa’s current source of vaccines

Africa, a continent of about 1,407,204,731 people, according to
the United Nations estimate on July 31, 2022, is relatively poor
in terms of good healthcare practices, including vaccine produc-
tion, procurement, and even immunization [38]. There are fewer
than ten vaccine manufacturers in Africa, and they are concen-
trated in five countries: Egypt, Morocco, Senegal, South Africa,
and Tunisia. There is very little upstream production, with most lo-
cal businesses involved in packaging and labelling, as well as fill
and finish steps on occasion [38]. It took the pandemic to show
that nearly all Africa’s vaccines are imported. As of 2021, the Afri-
can leaders meeting in Addis Ababa reiterated a goal of ensuring
that about 70% of their population are vaccinated against the SARS
coronavirus [38]. Notwithstanding, the World Health Organization
(WHO) estimated that this would necessitate a six - fold increase in
4

weekly vaccines, bringing the total to 36 million people, a situation
which was discovered to be impracticable in most of the countries
represented. Only Mauritius and Seychelles have met the 70% tar-
get as COVAX which disburses vaccines to low- and middle-income
countries is running low on funds [38]. Currently, UNICEF, sup-
ported by Gavi, supplies about 1.5 billion doses to 99% of the con-
tinent’s vaccine consumption, except for a few counties that are
self-sufficient in vaccine procurement [38]. The African Union,
ECOWAS, among others, could play a pivotal role in the vaccine
story in Africa, serving as a middleman between the vaccine man-
ufacturers and the government of each country, seeking funds for
this purpose over time, and upscaling vaccine production capabil-
ity in Africa [38].
Impediments to successfully developing vaccine capacity

There are significant barriers to developing vaccine production
capacity in Africa. Some of them are highlighted below:
High Start-Up and operation cost

To establish commercial vaccine production facilities in Africa,
considerable investment, in massive amounts, is required. Addi-
tionally, it requires significant fixed and ongoing maintenance
costs [39]. Facilities can cost 50–500 million dollars USD) per vac-
cine and up to 700 million dollars (USD) for multiple vaccines
(combination vaccines) due to the high intricacies of architecture,
automation, separation, utilities, and contaminants monitoring
[39]. Spaces that are not in conformance with good manufacturing
practices may cost up to 350 USD/ft2, though the clean and con-
tainment facilities may be more complex and costly [40]. The cost
of procuring the necessary raw materials, skilled employees with
superior technical know-how, and running vaccine manufacturing
facilities is relatively high. Many of these costs are spent even if no
product is produced. Most operating expenses are attributed to
fixed costs resulting from facility design [39].
Human resources

Workers’ degree of technical competence is a significant prob-
lem for designing vaccines and maintaining production plants.
Understanding biological and chemical processes throughout the
vaccine’s extensive production cycle duration requires scientific
expertise [40]. The scientific network (technical institutions, uni-
versities, research centers, and others) located near vaccine pro-
duction plants is crucial. It is essential not just for the scientific
and technical knowledge and abilities within the institution but
also the links and interconnections with science and technology
in the surrounding environment [40]. A sufficient degree of skill
sets for facility maintenance, the stability of power supply, the
availability of vital spare parts, and cold chain management are
vital, particularly in the setting of African nations’ tropical environ-
ments. Setting up a new vaccine production plant necessitates the
use of specialized knowledge [39]. Hiring foreign expertise to work
in critical facility jobs is frequently required. Local skilled employ-
ees will need extensive training, which may entail sending them
abroad for months at a time. Companies worldwide frequently
underestimate the time and expense of recruiting and training
local and ex-pat workers [39]. Strategies to acquire, train, and
maintain highly qualified local employees are critical to ensuring
the future success and sustainability of developing countries’ vac-
cine manufacturing capability [40].
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Source of raw materials

Acquiring raw materials is usually a time-consuming and labor-
intensive procedure. Every raw material must be obtained from a
GMP-certified supplier. For example, raw animal materials (e.g.,
calf serum, lactalbumin) must be made in bovine spongiform
encephalitis-free nations such as Australia and New Zealand. Raw
materials (such as yeast extract, and natural or recombinant
enzymes) are primarily required in vaccine production to add
intrinsic biological diversity to production or analytical procedures
[39]. These raw materials are unique, and their supply may be lim-
ited and subject to shortages [40].

Time factor

Building a fully integrated commercial vaccine manufacturing
plant takes several years. Unless a separate functional business
operates during this time, there is generally no or very minimal
income until product registration and commercialization are fin-
ished [41]. In addition, various extra expenditures in millions of
dollars (USD) and several other elements contribute to a 5–10 year
or even more extended timeframe. Other significant components
that require time to align include selecting an appropriate market
niche and purchaser; identifying a suitable technology transfer
partner; employing qualified personnel, consultants, and special-
ized organizations; constructing GMP-compliant facilities; and
managing all parts of the project [41].

Limited Partnership opportunities

Vaccine manufacturing is a complex and challenging process,
and many corporations are often hesitant to devote resources,
transmit information, or offer products to a new and unproven
company that may be a potential rival [42]. The key factors are
the significance of technology transfer and the receiving sites for
technology transfer, which are facilities in these nations that man-
ufacture vaccines locally and have appropriate equipment and
staff. In manufacturing, national regulatory agencies (NRAs) play
a crucial role in ensuring product safety, effectiveness, and quality
in low and middle-income countries. According to WHO, only 30%
of its member countries’ National Regulatory Authorities (NRAs)
can appropriately control therapeutic goods in their respective
countries [42]. Expansion of vaccine manufacturing in these
nations without proper regulatory capability might result in poor
product quality and unpleasant impacts, substantially undermin-
ing public faith. All of these variables may be a barrier to
company-to-company vaccine production collaborations.

Recommendations for improving vaccine technology in Africa

Looking at the current COVID-19 pandemic, low-income coun-
tries have suffered negligence as countries worldwide took steps
to vaccinate their citizens against the virus. The global vaccine
inequity has resulted in a dire situation in which the world’s poor-
est countries were estimated to have received only about 0.2 per-
cent of the 700 million COVID-19 vaccine doses by the first quarter
of 2021, while the world’s wealthiest economies secured over 87
percent of total global vaccine stocks [43]. Point of fact, it must
be noted that increasing Africa’s vaccine development capability
from less than 1% to 60% by 2040 is a project that goes beyond a
quick-fix strategy [44]. African leaders’ resolve to increase vaccine
production in Africa on April 13, 2021, will necessitate short- and
long-term actions [44]. Combining the options suggested here
might help Africa better prepare to address the scourge of
vaccine-preventable diseases in the continent and prepare for the
5

next pandemic by developing enough vaccines for its people and
achieving vaccine self-sufficiency.

Fostering strong multilateral cooperation and collaboration between
global scientists

With over 1 billion people living in Sub-Saharan Africa, where
most of the countries are known to be low- and middle-income
nations (LMICs), it is evident that foreign supply of vaccines from
rich countries alone will not be enough to address the demands
of African’s vaccine needs [45]. For example, in the present global
COVID-19 pandemic, it is projected that between 4 and 5 billion
doses of COVID-19 vaccinations (at two doses per vaccine) will
be needed to at least minimize the scourge of hospitalization and
death because of the virus, and subsequently curtail the virus
transmission in and out of low- and middle-income countries
worldwide [45]. Therefore, successfully vaccinating Africa’s many
billions of people against vaccine-preventable and infectious ill-
nesses would necessitate high levels of international cooperation,
culminating in an innovative and equitable transfer of vaccine
development technology to local vaccine manufacturers in Africa.
In addition, local vaccine producers must be sufficiently supported
and funded to establish a low-cost manufacturing capacity and
enhance local supply channels beyond the global setting [45].
Although the African Union’s Africa Vaccine Acquisition Task Team
has made significant progress in securing COVID-19 vaccines for
Africa through pivotal multilateral deals during the COVID-19 pan-
demic [43], future efforts should be focused on acquiring vaccine
development technological know-how from foreign partners so
that vaccine manufacturers on the continent can begin to scale
up production in earnest.

Building strong pharmacovigilance capacity in Africa

In Africa’s drive to launch and boost indigenous vaccine manu-
facturing, establishing the African Medicines Agency (AMA) in
2021 as a monitoring and regulatory entity is a step in the right
direction. To ensure thorough quality inspections of locally made
vaccines that meet international standards, the continent’s vaccine
regulatory structure must be harmonized and strengthened, allow-
ing for faster vaccine production approval [45–47]. Such a strategy
will also benefit Africa as it was for Cuba, Brazil, and India, where
the expansion of vaccine manufacturing in the countries prompted
regulatory agencies to develop their vaccine production approval
and regulatory activities [46]. However, because many African
nations have well-developed national regulatory authorities for
monitoring their pharmaceutical industry, Africa’s regulatory
capacity for vaccines will remain underdeveloped until vaccine
production plants are built on the continent [9].

Boosting research and development of vaccine development in Africa

Africa has around ten vaccine manufacturing and packaging
facilities [47]. Four of the ten companies have the capacity to both
produce and package vaccines, two have plans to expand into full-
fledged vaccine production companies, and two more have devel-
oped plans to be involved in vaccine filling, finishing, packaging,
and labeling [47]. In addition, the Africa Centre for Disease Control
announced plans to open five new vaccine manufacturing centers
across the continent by 2040 to increase indigenous vaccine pro-
duction by 60 percent [48]. The African Development Bank has also
agreed to assist in financing vaccine manufacturing technological
platforms with the potential of producing around 300 million vac-
cine doses per year [49]. The average financial investment for these
undertaken is projected to be around US$400 million [46–47].
With all these plans from African institutions and international
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partners, it is necessary to encourage public–private solid partner-
ships to help lift the heavy burden of the long-term financial
demand required to expand vaccine research and development in
Africa.

Strong African government commitment

The financing of the vaccine production effort is one critical area
where the African government must be deeply committed. Around
$100 million is required to construct the proposed Africa Medici-
nes Agency (AMA) [49]. By 2040, the average financial expenditure
required to establish five vaccine production facilities in Africa is
estimated to be over US$400 million [49]. The strong political
determination of African leaders to eradicate the group A meningi-
tis epidemics in Africa played a crucial role in the successful devel-
opment of a tailor-made vaccine against the disease in sub-
Saharan Africa. The Meningitis Vaccine Project (MVP) also shows
that funding for an exclusive vaccine made for Africa can be
obtained with solid collaboration between local and international
partners [9]. Furthermore, African governments and other stake-
holders must be committed to buying the vaccines made in Africa
and take steps to establish effective supply networks capable of
delivering these vaccines to every part of Africa where they are
needed to address Africa’s public health problems [49].

Decisively addressing the issue of vaccine hesitancy in Africa

Historically, Africans have been hesitant to adopt vaccination to
combat vaccine-preventable illnesses [50]. This is mainly due to
public mistrust of the government’s responsiveness to disease out-
breaks, a lack of community engagement in health-related
decision-making, and an inability to dispel pre-mediated miscon-
ceptions about the adverse effects of a vaccine on an individual’s
health [43]. If vaccine development in Africa is to take root, African
governments, the private sector, advocacy groups, and other rele-
vant national and international players must develop a strategy
that encourages the development of an enabling environment for
vaccine marketing campaigns aimed at fostering high vaccine
acceptability.

Careful application of technological innovation and advancement

In terms of process stability and maintenance, life cycle, and
lead-time, vaccine manufacturing technologies, particularly
expression systems, play key factors in the cost of vaccine produc-
tion [9]. Choosing which vaccine manufacturing technology to use
significantly impacts the production output, especially in a context
like Africa, where the rapid return on investments will encourage
continued investments. Failure to manage risks factors related to
process development, process maintenance, lead time, production
facilities, equipment, life cycle management, and product portfolio
management can result in undesired product failure and recalls,
market suspensions, and sanctions if a manufacturer fails to meet
supply agreements [9,40]. To lower the production costs of vaccine
development and manufacturing in Africa, it will be good for
indigenous African vaccine manufacturers to embrace and com-
bine whole-genome sequencing (WGS) and epidemiological
surveillance to understudy the evolutionary nature of infectious
microorganisms and bolster infectious disease outbreak response
in the continent [48]. Additionally, due to their simplicity, high
output with low production cost, and the requirement for a rela-
tively small manufacturing plant, technologies utilizing General-
ized Modules of Membrane Antigens (GMMA) have been
considered significantly profitable for Africa’s vaccine manufactur-
ing industry [48,51].
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Understudying case studies of the successful vaccine development in
other countries

For Africa to attain vaccine self-sufficiency, it is worth noting
that analyzing the successful building of a vaccine manufacturing
industry by Brazil, Cuba, and India is a feat that will serve as a
learning curve for Africa [9]. India is Africa’s single biggest vaccine
supplier, delivering about 70% of vaccines administered in Africa.
To attain this vaccine self-sufficiency objective by 2040, policy-
makers and key stakeholders in Africa’s vaccine development must
exhibit a high dedication and resilience by collaborating closely
with external partners such as WHO and GAVI Foundation [47,49].
The benefit of successfully developing vaccine-manufacturing
capabilities in Africa

Africa presently imports nearly all its vaccines, making it sus-
ceptible during a pandemic when the whole world requires vacci-
nes simultaneously. Therefore, the countries that manufacture
themmust prioritize protecting their people. To guarantee the con-
tinent’s health security and avoid a repeat of the incidence that
ensued during the COVID-19 pandemic, when India prohibited
the export of vaccines manufactured by its local companies, conse-
quently driving western countries to buy up the limited interna-
tional global supply of vaccines, leaving Africa without enough
vaccines to protect its citizens, Africa must resiliently develop
vaccine-manufacturing capacity [52]. Tasamba reported a similar
scenario in 2019 in which an estimated 19.8 million children glob-
ally did not obtain the measles vaccine through routine immuniza-
tion coverage, with Africa constituting a significant proportion of
those children [53]. In addition, Lassa fever, an acute viral hemor-
rhagic disease, is common in eight West African nations, and Sub-
Saharan Africa accounted for 94 percent of malaria cases and fatal-
ities in 2019 [54]. The surge in antimicrobial resistance-pathogen
implicated infection in Africa could also be attributed to the pau-
city of vaccines [15]. The modality and mortality resulting due to
these diseases could be prevented if Africa actively invest in vac-
cine production. Some advantages Africa can gain if it develops
self-sufficiency in vaccine manufacturing are highlighted below.
Security of quality vaccine supply

Though infectious disease is a global menace, the effect on the
underprivileged in society has always been more severe due to
the combined impacts of poverty, malnutrition, inadequate
hygiene and sanitation, overcrowding, discrimination, and limited
access to health care [54]. Since the beginning of the twentieth
century, it has been a moral imperative and a human right for
every individual to have access to reliable and safe vaccines [54].
Increased vaccine manufacturing in Africa would make it easier
and less expensive to provide immunizations across the continent.
Acquiring the knowledge and infrastructure required to produce
vaccines independently and successfully would assure a steady
supply of future pre-qualified vaccines and associated healthcare
products. This would also assist in minimizing Africa’s reliance
on Europe and other foreign suppliers, bridging the gap between
low- and high-income nations and, as a consequence, removing
challenges caused by vaccine delays and uncertainty, as well as
reinforcing the equitable distribution of vaccines throughout the
public, particularly during pandemics. This will also position Africa
to take a prominent role and seat at the global table and contribute
to a more diverse global supply chain for vaccines.
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Addressing the Africa-specific disease burden and efficiently dealing
with pandemic diseases and outbreaks

Vaccination coverage in low and middle-income countries,
which predominantly constitute the African continent, is signifi-
cantly low compared to high-income countries due to economic
and political restrictions and limited access to non-governmental
agencies such as Gavi [55]. Malaria, Ebola, HIV/AIDS, and many
other re-emerging infectious diseases native to Africa would be
readily tackled, lowering the strain on the health system and the
cost of treating these diseases only with drugs if the continent
could build capacity for vaccine production. It would primarily
assist in easing the developing problem of antimicrobial resistance
in Africa, as the medication requirement would be significantly
reduced. Should Africa successfully create vaccine manufacturing
self-sufficiency, the continent would not only be able to deal with
future unplanned catastrophes and maintain current vaccines, but
it would also be in a far better position to satisfy the need for future
public-health solutions. Local expertise and capability would allow
for more rapid development of vaccines against illnesses that are
priorities for Africa but have a limited worldwide market, as well
as aid in the provision of emergency vaccine supplies to Africans
in the case of an outbreak or epidemic.
Socioeconomic, industry, and life science development/ Partnership
opportunities

The development and manufacture of vaccines in Africa will
create long-term benefits in terms of health impact, socio-
economic and industrial development, development of biotechnol-
ogy skills, and advancement of the life sciences in general. The
need to create capacity for vaccine production in Africa will spur
the nations of the continent to create enabling environment for sci-
entists to conduct research and identify solutions to the challenges
of vaccine delivery at the local level. This will further bolster col-
laboration with other continents and attract donor support. Part-
nership with other continents and access to the Gavi market
could be possible if Africa focuses on manufacturing vaccines
against neglected tropical diseases of interest to the continent [9].
Conclusion

Vaccines are irrefutably essential for fighting antimicrobial
resistance since they reduce antimicrobials’ usage and avoid ill-
nesses caused by resistant pathogens. Therefore, Africa must
strengthen its resilience and focus on building the capacity to cre-
ate its vaccines to combat antimicrobial resistance and sudden dis-
ease outbreaks and lessen reliance on Western nations.
Furthermore, African policymakers must investigate how they
can strengthen current vaccine manufacturing facilities in Africa
by establishing a nexus that incorporates the capabilities of the
various countries in the continent into a global industrial chain.
Additionally, current vaccine manufacturing facilities should be
expanded to cover upstream production.
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