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Abstract

In Kenya, there is a need to assess readiness for vaccine manufacturing, given
the challenges in affordability and availability of vaccines and biotherapeutics.
Through stakeholder mapping, this study aimed to evaluate the potential of
Kenya BioVax Institute in producing vaccines and biotherapeutics and the im-
plications for the health sector. The objectives were to identify the key enablers
and barriers influencing local production and provide actionable policy rec-
ommendations for a sustainable biopharmaceutical industry. The research
used a scenario planning methodology, concentrating on the four stages of
defining the scenario question and time frame, determining the main drivers
of change, and creating and using possible scenarios. The health systems
strengthening framework informed this methodology. The findings reveal
twelve critical drivers of change, with regulatory support and financial invest-
ment emerging as the most significant. Other drivers include technological
capabilities, supply chain resilience, and intellectual property policies. Based
on these drivers, four plausible future scenarios were outlined: Full-Scale Local
Manufacturing, Limited Production, Prolonged Dependency on Imports, and
Manufacturing Failure. Key opportunities encompass achieving self-suffi-
ciency, fostering economic development, and establishing Kenya as a regional
manufacturing hub. Conversely, some challenges identified are regulatory
constraints, high startup capital, a shortage of skilled personnel, reliance on
imported raw materials, and public skepticism regarding vaccine safety and
efficacy. In conclusion, while the potential for a viable local manufacturing
industry exists, its realization is highly contingent on strategic interventions.
Thus, there is a need to capitalize on opportunities and mitigate significant
barriers. The study recommends that the Kenyan government rationalize the
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regulatory process to accelerate approvals, increase research and development
investment, put incentives to lead foreign and private investment in place, im-
prove public-private partnerships, and enhance trust in the public by raising
awareness and communicating transparently.
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1. Introduction

Local vaccine and biotherapeutics manufacturing as a transformative healthcare
solution has been evolving for decades and is now gaining momentum with ad-
vancements in biopharmaceutical technologies. Initially explored for pandemic
preparedness and immunization programs, local vaccine production has rapidly
emerged as a crucial component of national healthcare strategies in many devel-
oping countries [1]. Nations like Japan, Brazil, and India have invested signifi-
cantly in biopharmaceutical infrastructure and have attained key milestones in
healthcare self-sufficiency by establishing large-scale vaccine manufacturing facil-
ities by 2024. The production offers significant benefits, including enhanced
healthcare security, reduced dependency on imports, improved response to health
emergencies, and economic growth [2]. Emerging technologies such as mRNA
vaccine platforms, automated bioprocessing systems, modular production facili-
ties, and artificial intelligence (AI)-driven optimization tools are redefining vac-
cine and biotherapeutics manufacturing [3] [4]. These innovations improve scala-
bility, enhance quality assurance, and reduce production and distribution ineffi-
ciencies, enabling wider and more equitable access to lifesaving vaccines.

Kenya is strategically positioned to harness this technological wave to expand
its biopharmaceutical capacity, stimulate economic growth, and establish itself as
a hub for vaccine innovation in Africa [5]. To realize this ambition, deliberate
investments in advanced infrastructure, conducive regulatory and fiscal policies,
and strong collaboration between government, academia, and industry are essen-
tial [6].

Building a resilient vaccine manufacturing ecosystem will also require address-
ing systemic challenges such as outdated infrastructure, limited skilled personnel,
and lingering public mistrust of vaccines [7]. Revisiting key legislation particularly
the Health Act of 2017 and the Biosafety Act of 2009 has been critical to aligning
Kenya’s regulatory landscape with contemporary biomanufacturing standards.
These reforms should embed principles of transparency in clinical research, equi-
table vaccine distribution, and rigorous biosafety oversight to support ethical, ef-
ficient, and sustainable vaccine production [8].

Kenya is undergoing a pivotal transformation in its healthcare sector through
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investments in medical research, public-private partnerships, and regulatory re-
forms [9]. Manufacturing vaccines and biotherapeutics has the potential to better
Kenya’s healthcare resilience by enhancing access to essential medicines, cultivat-
ing regional pharmaceutical development collaborations, and lessening import re-
liance. It also offers the chance for job creation in the biopharmaceutical industry
and to explore export opportunities with other countries.

Some of the challenges experienced in Kenya’s healthcare sector are, for in-
stance, supply chain vulnerabilities and restricted access to high-quality and af-
fordable medicines. The time-sensitive shift to local manufacturing aims to di-
minish the dependence on the importation of vaccines and biotherapeutics. With
Vision 2030 as a guiding framework, local vaccine production presents an oppor-
tunity to bridge healthcare gaps, enhance public health security, and position
Kenya as a regional pharmaceutical hub.

This research study analyzed the key drivers of change influencing Kenya’s
readiness for vaccine and biotherapeutics manufacturing. By evaluating these fac-
tors, the study provided insights into the pathways for scaling production and in-

tegrating local manufacturing into Kenya’s healthcare system.

2. Research Objective

The objectives of this study were to identify the key enablers and barriers influ-
encing local production and provide actionable policy recommendations for a

sustainable biopharmaceutical industry.

3. Research Questions

This study sought to answer the following research questions: (1) What are the
key drivers of change for local vaccine and biotherapeutics manufacturing? (2)
How do these key drivers influence production potential? (3) What is the future

of vaccine manufacturing in Kenya’s healthcare landscape?

4. Literature Review

Country examples with aspirational public and private partnerships and policy
framing include India, South Africa and Brazil, which have developed manufac-
turing capabilities that contribute significantly to the global vaccine and biother-
apeutics landscape. India is now a top exporter of vaccines, South Africa has in-
vested in local mRNA production, and Brazil has incorporated vaccine production
into its national health strategy [10]. Such movements underscore the need for
government support, infrastructure investment, and collaboration among the in-
dustry to create a sustainable biopharmaceutical sector.

Beyond production, local vaccine and biotherapeutics manufacturing can
transform various sectors within the healthcare industry. It enables rapid response
to emerging diseases, reduces dependency on global supply chains, and supports
clinical research and pharmaceutical innovation [11]. The availability of locally

produced vaccines can help prevent outbreaks, increase coverage of vaccination,
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and play a role in achieving universal health coverage. In addition, the establish-
ment of a domestic biopharmaceutical industry encourages job opportunities,
skills accumulation, and economic growth [12].

With its global position, there exists great potential in Kenya, where local vac-
cine and biotherapeutics manufacturing can provide significant solutions to the
healthcare challenges faced in the country and aid in achieving sustainable devel-
opment. Utilizing the existing medical research institutions and expanding on
pharmaceutical infrastructure will ensure accessibility and affordability of
healthcare for Kenyans. Locally manufactured vaccines could improve disease
prevention efforts, reduce dependency on international donors, and strengthen
national pandemic preparedness [13].

The production of vaccines and biotherapeutics in Kenya could transform the
country into a more self-sufficient healthcare system to the better men and the
society as a whole [14]. Its uses include disease prevention, disease treatment and
pandemic preparedness, and it is the cornerstone of a nation’s health security. By
developing local manufacturing capacity, Kenya can significantly reduce vaccine
shortages, improve accessibility, and strengthen healthcare resilience [15].

Despite its potential, local manufacturing of vaccine and biotherapeutics in
Kenya faces numerous challenges such as limited production infrastructure, ex-
pensive initial investment, regulatory bottlenecks, and a shortage of skilled pro-
fessionals. To overcome these barriers, Kenya must invest in pharmaceutical re-
search and development, establish policies that incentivize local manufacturing,
and foster public-private partnerships to attract investment [13]. Additionally,
comprehensive training programs for healthcare and biopharmaceutical profes-
sionals are also critical drivers of innovation ensuring the successful implementa-
tion of vaccine production.

Developing the manufacture of vaccines and biotherapeutics in Kenya would
foster sustainable economic growth, contribute to healthcare security, lower de-

pendence on imports and create more job opportunities.

5. Foresight Methodology

5.1. Overview

This section outlined the foresight methodology employed to achieve the research
objectives. The study utilized a mixed-method approach, combining both quanti-
tative and qualitative designs. As a foresight methodology framework, we used the
Political, Economic, Social, Technological, Environmental, and Legal (PESTEL)
analysis for uncertainty analysis and scenario development [16]. Through the
PESTEL framework, the key drivers that are likely to bring about change were
identified using this information relating to Kenya’s preparedness for vaccine and
biotherapeutics manufacture. By splitting the study into two different sections we
were able to explore the topic in much more detail to extract informed insights
from multiple angles. The PESTEL dimensions of sustainable vaccine and biother-

apeutics manufacturing in Kenya are illustrated below, highlighting its role in
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shaping the nation’s healthcare future (Figure 1).

Future of Vaccines and Bi-
otherapeutics sector in
Kenya

PESETEL Framework

Future Scenario Building

Figure 1. Proposed future foresight design under PESTEL dimensions.

Foresight Methodology design offers a structured approach to predicting future
trends and scenarios by examining key influencing drivers of change for manu-

facturing.

5.2. Data Sample and Collection Methods

The derived secondary data was from a systematic literature review, and the PES-
TEL framework was used to select the twelve Change Drivers. Insights were col-
lected from stakeholders using purposive sampling. The data were collected from
50 professional experts, including health policymakers, pharmaceutical industry
experts, and regulatory specialists, through Google Forms. Appendix 1 presents
the distribution of expert opinions, and the sample questionnaire is given in Ap-

pendix 2.

5.2.1. Systematic Literature Review Procedure

The twelve PESTEL drivers were derived from a structured literature review
aimed at identifying political, economic, social, technological, environmental, and
legal factors associated with vaccine and biotherapeutics manufacturing readiness.
Searches were conducted in Google Scholar, Web of Science, PubMed (MED-
LINE), ScienceDirect, Scopus, and supplemented by institutional and policy
sources from WHO [17], Africa CDC, the Medicines Patent Pool, and relevant
Kenyan health-sector policy documents. The search covered publications from
2014 to 2025 and used combinations of the following terms: “biotherapeutics

manufacturing,” “vaccine manufacturing,” “local pharmaceutical production,”

» <« » <«

“biomanufacturing readiness,” “regulatory preparedness,” “supply chain resili-

» « » <« » s

ence,” “biosafety,” “technology transfer,” “public trust,” “intellectual property,”
“Africa,” “Kenya,” and “low- and middle-income countries.”

Eligible records included peer-reviewed articles, technical reports, policy pa-
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pers, or regulatory guidance documents written in English that directly addressed
at least one readiness issue pertinent to vaccine or biotherapeutics manufacturing,
such as infrastructure, financing, regulation, technology transfer, research and de-
velopment capacity, workforce, supply chains, public acceptance, ethics, environ-
mental management, or intellectual property. Exclusion criteria comprised com-
mentaries unrelated to manufacturing readiness, documents without accessible
full text, duplicates, and papers focused solely on clinical efficacy without impli-
cations for manufacturing or system readiness. Titles and abstracts were initially
screened, followed by full-text review of potentially relevant records. The final
synthesis included 42 unique sources mapped to the twelve PESTEL drivers pre-
sented in Table 1. These drivers were subsequently refined through expert review

prior to scoring.

5.2.2. Expert (Respondent) Recruitment and Stakeholder Sample

In this study, the experts (respondents) were recruited purposively through stake-
holder mapping of institutions involved in vaccine and biotherapeutics policy,
production, research, regulation, procurement, and health-sector planning. Eligi-
ble respondents were adult professionals with at least five years of relevant expe-
rience, current or recent involvement in vaccine, pharmaceutical, or biotherapeu-
tics policy or implementation, and sufficient familiarity with Kenya’s health man-
ufacturing ecosystem to score the drivers. The final analytical sample comprised
50 completed questionnaires.

The respondent’s distribution was as follows: Policymaking/Public Health Pro-
grammes (n = 14; 28%), academia/research (n = 18; 36%), Pharmaceutical/Bi-
omanufacturing Industry (n = 10; 20%), and Regulation/Quality Assurance (n =
8; 16%).

5.3. Impact Uncertainty Analysis

Impact-Uncertainty Analysis was used as a foresight technique to prioritize the 12
drivers. Each respondent evaluated every driver on two dimensions: (i) expected
impact on Kenya’s readiness for vaccine and biotherapeutics manufacturing by
2040, and (ii) uncertainty regarding the evolution and influence of the driver on
implementation. Both dimensions were rated on a 1 - 5 scale. For impact, 1 indi-
cated negligible impact, 2 low impact, 3 moderate impact, 4 high impact, and 5
very high or transformative impact. For uncertainty, 1 represented very predicta-
ble or settled, 2 low uncertainty, 3 moderate uncertainty, 4 high uncertainty, and
5 very high uncertainty. Mean impact and mean uncertainty scores were calcu-
lated for each driver and plotted as (I, U) coordinates.

To interpret the scores, tendency levels were classified as low (1.00 - 2.49), mod-
erate (2.50 - 3.99), and high (4.00 - 5.00) for impact, and as very low (1.00 - 1.99),
low (2.00 - 2.60), moderate (2.61 - 3.40), high (3.41 - 4.20), and very high (4.21 -
5.00) for uncertainty. The Google Form was reviewed for completeness prior to
analysis; incomplete responses for any impact or uncertainty item were excluded

from the calculation of driver-level means. A consistency check was performed by
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comparing the mean scores with the direct influence ranking to ensure that the
scenario axes reflected drivers that were both substantively important and system-

ically influential.

Combining Impact-Uncertainty and Influence Results

Scenario-axis selection was based on a two-stage process. First, the impact-uncer-
tainty matrix was used to identify drivers with the highest potential effect on read-
iness. Second, the direct influence analysis identified which drivers exerted the
strongest systemic influence on other PESTEL factors. SO1 and TO2 were chosen
as the scenario axes due to their highest impact scores (4.115 and 4.155, respec-
tively) and their ranking as the most influential drivers. SO1 represents the de-
mand and trust axis, reflecting whether society and health professionals accept
locally manufactured vaccines and biotherapeutics. TO2 represents the supply
and capability axis, indicating whether Kenya possesses robust research and de-
velopment capacity, manufacturing infrastructure, quality systems, and a skilled
technical workforce. Legal and intellectual property factors exhibited higher un-
certainty but were considered enabling or constraining conditions rather than pri-
mary axes, as their effects are mediated through policy and technical implemen-

tation.

5.4. Future Scenarios Building

Future scenario building is a strategic planning tool that enables stakeholders to
envision and prepare for potential future developments [18]. In the context of
vaccine and biotherapeutics manufacturing, scenario building provides insights
into possible pathways, challenges, and transformative impacts of establishing and

scaling local production capabilities in Kenya’s healthcare system.

Figure 2. Frames for future scenarios of vaccines and biotherapeutics manufacturing.
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The illustration above shows how the study employed a scenario-based ap-
proach to understand the key drivers of change for successful vaccine and bio-
therapeutics manufacturing in Kenya. It was the analysis of the current state, pro-
jecting forward the potential impacts into the future and a planning process (de-
tailed storytelling) [19] (Figure 2). Predictive or forecasting, exploratory innova-
tion, and integrated implementation through targeted interventions to ensure ef-

fective integration were among the aspects of the study indicated in Table 1.

6. Findings and Discussion

This section examines the findings and discussion in terms of outcomes for each
driver of change, plausible scenarios, opportunities, and challenges, with a focus
on impact and uncertainty analysis. These insights are essential for building future
scenarios for assessing Kenya’s readiness for vaccine and biotherapeutics manu-

facturing.

6.1. Identification of Drivers of Change

The PESTEL analysis approach identified the drivers of change with the greatest
impact and highest uncertainty in this study. It focused on two critical areas—
impact and uncertainty—for scenario analysis. According to [20], scenarios were
constructed based on these two key elements. “Impact” measured the significance
of each driver and challenge, while “Uncertainty” assessed the likelihood of vari-
ous scenarios influencing the future readiness of Kenya for vaccine and biothera-

peutics manufacturing.

Table 1. PESTEL Dimensions for Kenya for vaccine and biotherapeutics manufacturing.

Foresight
oresig Indicators/driver of change Short label Source
Framework
G.overnment. legislation, pf)lici.es, and ,regulations on vaccine and POL (9] [21]-[23]
biotherapeutics manufacturing in Kenya’s healthcare sector.
Political (PO)
Political global collaboration for standardized and safe development
. . . . PO2 [24]-[27]
and use of vaccine and biotherapeutics technologies.
Cost of investments required for vaccine and biotherapeutics
L . EO1 [28]-[31]
manufacturing infrastructure and technologies.
Economic (EO)
National budget allocations for pharmaceutical and biotechnology EO2 (32]-[35]
development in Kenya.
Level of societal t f locall factured ines and
feve o oc'1e al acceptance of locally manufactured vaccines an $O1 [30] [33] [36]-[38]
biotherapeutics.
Social (SO)
Healthcare sector experts’ awareness and acceptance level of vaccine
. . . SO2 [23] [39] [40]-[43]
and biotherapeutics technologies.
Compatibility levels of vaccine and biotherapeutics manufacturing TO1 (44]-[48]
Technological technologies with existing pharmaceutical infrastructure.
(TO) RObl.lStl’leSS o.f research . and devel.opment capabilities to support TO2 (23] [49]-[54]
vaccine and biotherapeutics production.
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Continued

Level of recyclability and sustainability of vaccine and biotherapeutics

Legal (LE)

EN1 17] [53] [55] [56
Environmental production by-products and waste. (171 [531 [551 [56]
(EN) Environmental impact of vaccine and biotherapeutics manufacturing
o N EN2 (37] [48] [57]
on waste management, emissions, and resource utilization.
.Complie?nce with intellectual Property .rights, liat?ility issues, .and Lol (35] [58]-[61]
international standards for vaccine and biotherapeutics technologies.
Ethical considerations such as equitable access to vaccines, clinical trial
Lo2 [35] [42] [62]-[64]

transparency, and biosafety regulations.

Table 2 indicates drivers of change elicited from the systematic literature review
and using expert opinion from the stakeholder mapping meeting conducted with

healthcare policy makers, biopharmaceutical experts, and regulatory analysts.

6.2. Descriptive Analysis of Drivers of Change

This section analyzes the outcomes for each driver, focusing on two critical dimen-
sions: impact and uncertainty. The aim is to identify the drivers with the greatest
levels of both impact and uncertainty. An impact-uncertainty analysis approach was
utilized to pinpoint the key drivers of change that are likely to have a significant

influence and present the potential for uncertain occurrences in the future.

6.2.1. Mean of Drivers of Change Corresponding with Impact

Table 2 outlines average values and the tendencies per essay of each driver effect.
“Among all drivers, T02 was the most powerful, with a mean score of 4.1550.” Just
behind it was “SO01,” which achieved a mean score of 4.115. Both “E01” and “E02”
closely followed each other, attaining a mean score of 3.770 and 3.550, respec-
tively. Conversely, “P01” was identified as the driver with the least impact, re-

flected by its lower mean score of 3.080.

Table 2. Mean of drivers on impact.

No Drivers of Change Mean Tendency Level
1 PO1 3.08000 Moderate
2 PO2 3.23500 Moderate
3 EO1 3.77000 Moderate
4 EO2 3.55000 Moderate
5 SO1 4.11500 High
6 SO2 3.49000 Moderate
7 TO1 3.46000 Moderate
8 TO2 4.15500 High
9 EN1 3.25000 Moderate
10 EN2 3.30500 Moderate
11 LO1 3.29500 Moderate
12 LO2 3.33000 Moderate
DOI: 10.4236/wjv.2026.163003 53 World Journal of Vaccines
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6.2.2. Mean of Drivers of Change Corresponding with Level of
Uncertainty

Table 3 presents the mean values and tendencies pertaining to the uncertainty
associated with each driver. “L01” was identified as having the highest level of
uncertainty, with a mean score of 2.3050, followed by “L02” at 2.2400. “E02” also
showed a notable level of uncertainty, scoring 2.1150. On the other end of the
spectrum, the drivers with the lowest degree of uncertainty were “T'02” and “P02”

which had a mean score of 1.8250 in both cases.

Table 3. Mean of drivers on uncertainty.

No Drivers of Change Mean Tendency Level
1 PO1 2.0000 Low
2 PO2 1.8250 Low
3 EO1 1.9650 Very Low
4 EO2 2.1150 Low
5 SO1 1.8850 Low
6 SO2 2.0100 Low
7 TO1 2.0900 Low
8 TO2 1.8250 Very Low
9 EN1 2.1000 Low
10 EN2 2.1750 Low
11 LO1 2.3050 Low
12 LO2 2.2400 Low

6.2.3. Analysis

Above is an illustration of the Impact-Uncertainty Analysis, highlighting that the
robustness of biopharmaceutical manufacturing infrastructure and societal ac-
ceptance of locally produced vaccines play a crucial role in realizing Kenya’s read-
iness for vaccine and biotherapeutics manufacturing (Figure 3). These key drivers
of change are essential for building a future healthcare strategy that incorporates

vaccine and biotherapeutics production as a sustainable solution.

Vaccine and Biotherapeutics Manufacturing
in Kenya: A Foresight Approach

4.20

@702 o501
4.00 @ L02
3.80 o E01
i3]
3 360
E ®|E02
©[S02|| o[101
3.40
ENOL @ ENO02 | L01
y [}
3.20 @ | P02
@|PO1
3.00
1.80 1.90 2.00 210 220 230 240
Uncertainity

Figure 3. Impact-uncertainty analysis.
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“Direct Influence Graph,” shows that “S01” and “T02” have the strongest influ-
ence on the manufacturing and vaccine and biotherapeutics production solutions
(Figure 4). Other drivers of change have a relatively strong influence on the key
drivers of change such as “P01”, “E01”, and “S02”.

Direct influence graph

3
S02
3/ z 2
S01
01 2
? ' EO1
2
A 3 A S
s g SHdl 2
P01 - 2 3% 2
2 >_JEND2 / N\
z - —${P02
R~ P °
VO [ o T02 2 =
iy 2 3
2 2
) 3
0 e, £
"""" ENO1 %

------ Weakest influences

—— Weak influences

— Moderate influences
— Relatively strong influences
— Strongest influences

Figure 4. Direct influence graph.

The figure below (Figure 5) demonstrates that “S01” and “T02” (Levels of so-
cietal acceptance of locally produced vaccines and the robustness of biopharma-
ceutical manufacturing infrastructure) are the highest-ranked drivers of change.
These factors are crucial in shaping and building future scenarios for Kenya’s

readiness for vaccine and biotherapeutics manufacturing.

MDI matrix | [ Ml matrix v
Rank \ Variable Variable
1 1-501 1-501
2 4-702 4-702
3 5-E01 5-E01
4 2-502 3-T01
5 3-7T01 ES; 6-E02
6 6-E02 2-502
7 8-EN02 8-EN02
8 7-ENO1 7-ENO1
9 11-V01 11-V01
10 12-V02 12-V02
11 10- P02 10- P02
12 9- P01 9- P01

Figure 5. Rank of drivers of change by influence.
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The illustration below (Figure 6) shows future Scenarios for vaccine and bio-
therapeutics manufacturing in Kenya by 2040; indicting aspects under each sce-

nario from scenario 1 to 4.

Increased Robustness of vaccine and biotherapeutics manufacturing

Level of social

Scenario 2: Low Production
Scenario

Limited Technological Ma-
turity

Regulatory Uncertainty
Public Misconceptions

Scenario 1: Successful Pro-
duction

Technological Advancements
Supportive Regulatory
Frameworks

Positive Public Perception

acceptance
< > High
Scenarllo 4 Rejection of the | gcenario3:  Chaotic Change
Adoption Rapid Technological Disrup-
Low Ethical Concerns tion
Cost-Prohibitive Regulatory Chaos
Resistance from Power Gener- | pyplic Backlash
ating.

l

Low

Reduced Robustness of Renewable Energy
Solutions

Figure 6. Future scenarios for vaccine and biotherapeutics manufacturing in Kenya by
2040.

Scenario 1: Successful vaccine and biotherapeutics manufacturing

Under this scenario the high acceptability by society together with a well-estab-
lished biomedical infrastructural underpinning has seen Kenya successfully adopt
the manufacturing of vaccine and biotherapeutics. Stakeholders such as govern-
ment agencies, healthcare institutions, and private investors play an active role in
local production, ensuring they have a robust supply chain for local healthcare
providers, while decreasing reliance on imports [64].

Supported by institutions and with regulatory alignment, BioVax can scale its
production to deliver vaccine in line with domestic demand, placing Kenya as a
regional centre for biopharmaceutical manufacture. Advanced bioprocessing
technologies improve efficiency by making production and distribution cost-ef-
fective. In investment, cold chain logistics and quality assurance systems help en-
sure compliance with international standards, thereby promoting international
partnerships and creating the possibility of exporting [16].

However, for adoption to happen, the locally produced vaccines must be widely
trusted. The trust inspired through targeted public awareness campaigns and

transparency in regulatory processes, and the sustainable uptake of vaccines after
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the pandemic will pave the way for the success of vaccination programmes. More-
over, working with BioVax provides an inspiration for novel research from re-
search institutes, which will improve the production process of next-generation
vaccines for being responsive to local disease pressures. This illustrates the trans-
formative potential of Kenya’s developing vaccine and biotherapeutics production
sector. With a focus on infrastructure investments, policy support, and public en-
gagement, Kenya can become self-sufficient in vaccine production, improve
healthcare resilience, and play a role in global health security. Adopting this route
is in line with the objectives of Vision 2030 and contributes to making Kenya a
leader in pharmaceuticals in Africa.

Scenario 2: Low vaccine and biotherapeutics manufacturing

In this specific scenario, strong biomedical infrastructure does exist in Kenya
but the manufacturing for vaccines and biotherapeutics is not adopted owing to
regulatory issues and low societal acceptance. The public perception about the
safety, efficacy and reliability of domestically produced vaccines is unfavorable,
which may impede mass acceptance and progression towards self-sufficiency
[16].

Misinformation or a lack of adequate public awareness around BioVax’s pro-
duction capabilities can breed a lack of trust in BioVax, and lead to resistance from
healthcare providers and the general population. In addition, hesitation from in-
ternational drug companies and import-dependent stakeholders may pose addi-
tional challenges as they try to preserve existing market interests. [BW 39] Regu-
latory bottlenecks and slow policy implementation may slow adoption even more,
making investments in local manufacturing less attractive [65].

The complexity of making and disseminating vaccines might also dissuade
widespread use. Healthcare institutions may become hesitant because of limited
technical know-how, lack of proper workforce training, and compliance issues
with global standards. Additionally, financial limitations and perceived high costs
may dissuade government and private sector interest in scaling up local vaccine
production [66].

Overcoming these barriers, however, would necessitate a multi-faceted ap-
proach of comprehensive public education campaigns, transparent regulatory
processes, and other incentives to instill confidence in domestic vaccine produc-
tion. Eradication of any reaching misconceptions and collaboration between the
government, industry and healthcare providers will secure success in the long
term.

Scenario 3: Chaotic Change in Vaccine and Biotherapeutics Manufacturing

This scenario represents a future with high societal acceptance but low robust-
ness in research, development, and manufacturing capabilities. The trigger is
strong public, political, and health-sector demand for locally manufactured vac-
cines and biotherapeutics, even though the production ecosystem is technically
immature. Supportive narratives, procurement pressure and public trust create

momentum, but the capability base (qualified facilities, validated processes,
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trained workforce, quality systems, regulatory readiness, and reliable supply
chains) remains insufficient.

The pathway is therefore unstable: BioVax and partners may move quickly
into pilot production, technology transfer, or fill-and-finish activities, while up-
stream process development, GMP validation, cold-chain integration, raw-ma-
terial sourcing, and post-market surveillance lag behind. This mismatch can
lead to implementation delays, higher costs, repeated regulatory queries, de-
pendence on imported inputs, and an uneven distribution between urban and
underserved areas.

The likely outcome is a chaotic transition rather than full manufacturing read-
iness. Kenya may retain strong demand for local products but remain dependent
on imports in the short to medium term, with a risk that delays or quality concerns
damage public confidence. The strategic response is a phased manufacturing
roadmap: prioritize technology-transfer milestones, GMP certification, workforce
development, transparent regulatory review, realistic procurement commitments,
and public reporting of progress so that high acceptance is converted into credible
production capability.

Scenario 4: Rejection of Vaccine and Biotherapeutics Manufacturing

This scenario represents the low-acceptance and low-capability quadrant. The
trigger is a combination of weak public and professional trust in locally manufac-
tured vaccines and biotherapeutics, slow infrastructure development, uncertain
financing, and fragmented policy or regulatory implementation. In this setting,
neither demand-side confidence nor supply-side capability is strong enough to
sustain a viable domestic manufacturing programme.

The pathway is stagnation: misinformation, safety concerns, limited awareness
of quality assurance systems, and preference for imported products reduce de-
mand, while investors and technology partners hesitate because production facil-
ities, research and development systems, regulatory capacity, and procurement
guarantees are not yet mature. Skilled personnel may move to better-established
markets, and local activities may remain limited to planning, packaging, importa-
tion, or small-scale pilots rather than scaled production.

The outcome is rejection or prolonged non-adoption of local vaccine and bio-
therapeutics manufacturing. Kenya would continue to rely heavily on imported
vaccines and biotherapeutics, losing opportunities for pandemic preparedness, re-
gional market participation, skills development, and health security resilience.
Avoiding this scenario requires early trust-building, transparent communication
on safety and quality, demonstration batches, independent regulatory oversight,
sustainable financing, and partnerships that demonstrate measurable progress

from readiness planning to actual manufacturing capability.

7. Analysis of Participant Responses

Using the expert opinions from 50 stakeholders, which included health policy

makers, researchers, and experts in the pharmaceutical industry as study partic-
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ipants rated two driving forces as most crucial for vaccine and biotherapeutics
manufacturing in Kenya: technological capabilities (TO2) and societal ac-
ceptance (SO1). These aspects had the highest impact and influence scores, with
the highest mean score (4.155) for TO2 (robustness of R&D and manufacturing
infrastructure), followed closely by SO1 (extent to which society accepts locally
manufactured vaccines), with a score of 4.115. This consensus emphasizes that,
in the view of the expert community, the two cornerstones of an advanced, trust-
worthy fabrication platform and national public confidence are indispensable
for building a workable local industrial base. The other influential factors, in-
cluding the investment (EO1) and national budget allocations (EO2), were also
identified among significant economic motivators weighted with larger finan-
cial investments.

The expert analysis also showed that although regulation (PO1) and law, such
as intellectual property issues (LO1), were perceived as primary enablers, they
were regarded as less immediate uncertainties than social and technological issues.
This is underlined by the fact that participants consider paths to regulatory im-
provement more predictable. At the same time, this is not the case for making
progress on complex infrastructure development and transforming public percep-
tion. The direct influence graph and driver ranking results together provide an
overview of expert consensus: to be prepared, Kenya’s success heavily relies on
both forging technical strength with a focus on substantial R&D and manufactur-
ing capabilities, and then rolling out comprehensive public engagement cam-
paigns that build trust while also driving uptake of locally produced vaccines or

biotherapeutics.

8. Conclusion, Policy Gaps and Recommendations

8.1. Conclusion

The study aimed to assess Kenya’s readiness for vaccine and biotherapeutics man-
ufacturing by BioVax, identifying key drivers of change influencing local produc-
tion. A systematic literature review highlighted twelve critical factors, including
regulatory frameworks, infrastructure capacity, financial investment, research
and development capabilities, global partnerships, intellectual property consider-
ations, public trust, supply chain robustness, workforce expertise, and ethical con-
cerns such as equitable vaccine access and pricing. Stakeholders and experts
ranked these drivers using impact-uncertainty and Cross Impact analysis meth-
odologies.

The combined impact-uncertainty and direct influence analyses identified SO1
and TO2 as the primary scenario axes: public and professional acceptance of lo-
cally manufactured vaccines and biotherapeutics, and the robustness of research,
development and manufacturing capabilities. Regulatory preparedness, invest-
ment, legal and intellectual property factors remain critical enablers, but the sce-
nario logic shows that Kenya’s readiness will depend most directly on whether

technical manufacturing capability develops in parallel with public and profes-
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sional trust. This interpretation aligns the conclusion with the selection rule ap-
plied in Sections 6.2.3 and 7.

Using SO1 and TO2 as the organizing axes, the study constructed four potential
future scenarios: Successful Production, Low Production, Chaotic Change, and
Rejection of Adoption. Opportunities include technology development, regional
market expansion, skilled job creation and improved health security. However,
policy bottlenecks, funding gaps, weak R&D capability, supply-chain vulnerability
and public skepticism must be managed deliberately. These findings provide a
roadmap for strengthening Kenya’s vaccine and biotherapeutics manufacturing
readiness while keeping policy claims proportionate to the evidence generated

through expert elicitation and scenario planning.

8.2. Policy Gaps

Analysis of the implications of these two key drivers of change highlighted several
policy gaps that must be addressed to enhance Kenya’s readiness for vaccine and
biotherapeutics manufacturing.

First, is the public willingness to get locally produced vaccines is still low due to
lack of awareness and trust. Vaccine hesitancy in Kenya is due to fears about vac-
cines safety, efficacy, and a lack of Regulatory oversight. It requires extensive pub-
lic education campaigns to instill confidence in local manufacturing, and the vir-
tue of self-reliance in vaccine production. Furthermore, other ethical considera-
tions such as equitable distribution of vaccines, transparent pricing models, and
accessibility for marginalized communities need to be prioritized to drive fair, and
sustainable adoption. Furthermore, the awareness strategies should take into ac-
count cultural perceptions of biotechnology and traditional healthcare practices
to increase acceptance.

Second, the viability of local vaccine manufacture is contingent upon the ro-
bustness of infrastructure and regulatory frameworks. Poor production capacity,
fragility of supply chains, and a lack of expertise in biomanufacturing make scala-
bility a challenge. Rural and underserved areas present real barriers to the distri-
bution of vaccine and limit access and impact. But having holes in regulatory over-
sight slows approvals and creates uncertainty for investors. Addressing these chal-
lenges requires strengthening Kenya’s pharmaceutical regulatory framework, in-
vesting in research and development, and promoting public-private partnerships.
By making strategic investments in infrastructure and skilled workforce develop-
ment, BioVax is going to be able to efficiently scale programmatic production of
vaccines and biotherapeutics while improving national health security and self-

sufficiency.

8.3. Policy Recommendations
8.3.1. Improving Public Confidence and Acceptance of Locally Made
Vaccines
i. Public Awareness Campaigns: Initiate nationwide awareness campaigns on

the safety, efficacy, and benefits of locally produced vaccines. Nip myths in the but
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by using social media, traditional media, and community outreach programs.

ii. Community Engagement: It is important to work with community leaders,
healthcare professionals and civil society organizations to build trust. Hold public
forums, workshops and vaccination drives, so people can experience local vac-
cines firsthand.

iii. Stakeholder Education: Create specific interventions for healthcare workers,
policymakers, and the general public about how local vaccine manufacturing can
enhance health security and bring down dependence on imports.

iv. Openness and Confidence building: To inform the public about safety and
quality standards followed in national vaccine manufacturing, share success sto-

ries, research grants and regulatory developments.

8.3.2. Strengthening Vaccine Manufacturing Infrastructure and
Regulatory Frameworks

i. Investment in Manufacturing Facilities: Additional investments in expanding
and modernizing vaccine production plants routinely around the world to satisfy
national and local desires. Public-private partnerships have better funding and
expertise, so pave the way for them.

ii. Strengthening Regulations: Codify vaccine clearances that satisfy safety
norms and levels consistent with global standards. Enhance regulatory agencies’
capacity for swifter, more effective oversight.

iii. Capacity Building and Training: Create programs to train scientists,
healthcare workers, and biopharmaceutical professionals to build local expertise.

iv. Support for Research and Development: Target greater federal investment
in R&D to promote crushing vaccine and biotherapeutics innovation.

v. Collaborate with universities, research institutions and Industry players.

vi. Regular assessments: Develop continuous monitoring use cases to evaluate
progress towards vaccine development milestones, public uptake rates and regu-
latory efficiency, identifying barriers and enablers to sustainable vaccine sector

growth and self-sufficiency in Kenya.

8.4. Policy Implementation Strategies and Further Research
Recommendations

Full capacity of Kenya in vaccine and biotherapeutics manufacturing rests on
overcoming key challenges related to unlocking infrastructure investment, public
confidence, regulatory frameworks, and technological progress. Table 4 outlines
the key implementation strategies for achieving self-sufficiency in vaccine pro-
duction and strengthening the biopharmaceutical sector.

Further studies need to determine Kenya’s readiness for vaccine manufacturing
which can highlight the relative advantage by establishing the areas of biopro-
cessing, automation, policies, and investment opportunities. Societal perceptions,
supply chain challenges, and cost-benefit analyses are key areas. Insights will in-
form long-term strategies to boost healthcare security and establish Kenya as Af-

rica’s biotherapeutics hub.
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Table 4. Policy recommendations and implementation strategies.

Polic
No Y . Action Framework Strategy Timelines Stakeholders
Recommendation
Prioritize investment in vaccine
and biotherapeutics production Form a regulatory task
Investment in facilities, ensuring compliance force to oversee facility Ministry of Health,
Biopharmaceutica with Good Manufacturing development and 46 BioVax, private
- 6 years
1 Manufacturing Practices (GMP). Collaborate ensure adherence to Y investors,
Infrastructure with private sector partners and international international donors.
international organizations to production standards.
secure funding.
Establish state-of-the-art R&D Develop national R&D
hubs focusing on vaccine guidelines and provide . .
Development of ] . o i Ministry of Science
formulation, testing, and financial incentives for
Research and ) o ) ) . and Technology,
2 biotherapeutics innovation. innovation. Conduct 3 - 5 years . . .
Development Lo . universities, BioVax,
Encourage local and periodic audits to R
(R&D) Centers . . research institutions.
international research ensure research
collaborations. integrity.
. Amend legislation to
Implement comprehensive . . .
Regulatory . . include specific Ministry of Health,
policies for vaccine ..
Framework for . provisions for Pharmacy and
. manufacturing, safety, and . . .
3 Vaccine . o biopharmaceutical 4 -6years  Poisons Board, legal
] equitable distribution. ) )
Production and . manufacturing, quality experts,
o Streamline approval processes .
Distribution . control, and post- policymakers.
for local production. .
market surveillance.
Develop specialized trainin .
P sp . g Partner with
programs for biopharmaceutical .
) universities and .
professionals, regulatory o Ministry of
. technical institutions to .
Training and officers, and researchers. . Education,
. o . o implement degree and 5 - 8 years . . .
Capacity Building Enhance curricula in higher . . universities, BioVax,
L . certification programs . .
education institutions to include . . technical institutes.
. . in vaccine
vaccine production and .
. manufacturing.
biotechnology.
Provide grants and incentives . .
. . . . Ministry of Science
for vaccine innovation and Appoint a national
Support for ) ) ] ) and Technology,
biotherapeutics research. committee to establish 5-10 ST
5 Research and . o research institutions,
Promote collaboration between research priorities and years .
Development L. . . pharmaceutical
academia, industry, and funding allocations. ) )
. companies, BioVax.
government agencies.
Encourage private sector
) gep . ] . Ministry of Finance,
investment in vaccine Develop policies that . .
. . . BioVax, private
. . manufacturing through promote investment in ]
Public-Private . . . investors,
. incentives such as tax breaks and local vaccine 5 - 8 years . .
Partnerships . . international
regulatory support. Facilitate production and ensure .
o . ) . pharmaceutical
joint ventures with global fair competition. .
companies.

biopharmaceutical firms.
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Continued

Establish mechanisms to track
rogress in vaccine production,
Monitoring and prog P
Evaluati safety standards, and

valuation
distribution efficiency. Conduct

periodic impact assessments.

Launch awareness campaigns to
build public confidence in

. locally manufactured vaccines.
Public Awareness .. .
C . Address misinformation
ampaigns
palg through media, community

outreach, and healthcare

professional engagement.

Engage local communities in the
planning and adoption of
vaccine and biotherapeutics
manufacturing initiatives.
Training and Ensure transparency in
Capacity
9 Building, Public
Awareness and

implementation by sharing data,
regulatory updates, and progress
reports. Collaborate with
Engagement healthcare professionals,
policymakers, and local
organizations to address
concerns and build trust in

BioVax’s capabilities.

Implement a national
vaccine regulatory
framework and safety
monitoring system.

4 - 8 years

Develop targeted public
education programs and

share success stories 4 -7 years
from local vaccine

production initiatives

Conduct nationwide
public awareness
campaigns highlighting
the importance of local
vaccine production and
its role in improving
healthcare security.
Organize workshops
and forums to educate
stakeholders on the 2 - 6 years
benefits, safety, and
regulatory aspects of
biopharmaceutical
manufacturing.
Share pilot project
outcomes and research
advancements to
demonstrate progress
and address
misconceptions.

Ministry of Health,
BioVax, regulatory
bodies, international
health organizations.

Ministry of Health,
BioVax, public health
organizations,
community leaders.

Ministry of Health,
BioVax, healthcare
professionals,
regulatory agencies,
research institutions,
local communities,
and public relations
firms.

8.5. Study Limitations

The findings should be interpreted with three limitations. First, driver prioritiza-
tion relied on expert judgment, so results may reflect the knowledge, institutional
positions, and expectations of the sampled stakeholders. Second, the analysis fo-
cused on Kenya and BioVax’s operating context; while the scenarios may be in-
formative for other African manufacturing initiatives, they should not be gener-
alized without considering local policy, market, and regulatory conditions. Third,
the scenarios assess readiness pathways and strategic preparedness, not demon-
strated manufacturing feasibility. Actual feasibility will require separate technical
validation, GMP qualification, technology-transfer performance, product-specific

regulatory review, cost modeling, and market-access assessment.
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Government Agency Representative 12 24%
Investor 2 4%
NGO Representative 2 4%
Pharmaceutical/Biotech Company 8 16%
Quality Control/Standards Body 3 6%
Policymaking/Public health programmes 14 28%
Academia/Research 18 36%
Pharmaceutical/Biomanufacturing industry 10 20%
Regulation/Quality assurance 8 16%

Appendix 2: Assessing Kenya’s Readiness for Vaccine and
Biotherapeutics Manufacturing

Questionnaire

Dear Respondent,

You are invited to participate in this questionnaire. The objective of this survey is to

gather data that will inform evidence-based assessment of Kenya’s readiness for vaccine

and biotherapeutics manufacturing.

Participation in this questionnaire is entirely voluntary. You may decline to answer any

question that causes discomfort, and you may withdraw from the questionnaire at any

time without penalty or negative consequence.

All information that you provide will be treated with strict confidentiality. Responses

will be used solely for the intended purpose of this study and will be reported in

summarized form. Personal details will not be disclosed in any report or publication

without your explicit permission.

Collected data will be managed responsibly and securely. Access will be restricted to

authorized individuals involved in analysis and reporting. Any personal information

will be protected according to applicable data protection and privacy principles.

There are no direct risks associated with participation in this questionnaire. Some

questions may request personal views, experiences, or institutional information. You

are encouraged to respond honestly and objectively.

By proceeding to complete this questionnaire, you confirm that:

®  You have understood the purpose of the questionnaire.

e Your participation is voluntary.

e You consent to the collection and use of your responses for the stated purpose.

e  You understand that your responses will be kept confidential and used only for
analysis and reporting.

Consent Statement:

O I have read and understood the above information and voluntarily agree to

participate in this questionnaire.

Filling the questionnaire will take approximately 6 minutes

Section 1: General Information

1) Name/Organization (Optional):
2) Stakeholder Category (Select one):
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e Researcher

e Academic

e Regulator

e Government Agency Representative
e Investor

e NGO Representative

e Pharmaceutical/Biotech Company
¢ Quality Control/Standards Body

e Other

Section 2: Vaccines and Biotherapeutics Manufacturing:
Readiness, Challenges and Priorities

3) How would you rate Kenya’s readiness for vaccine and Biotherapeutics
manufacturing?
Select one.
Response type: Single choice
e Excellent
e Good
e Average
e Poor
4) What do you consider the main challenge(s) in vaccine manufacturing
and commercialization in Kenya? (Select all that apply)
¢ Regulatory barriers
¢ Limited funding/investment
e Lack of skilled workforce
e Market demand and acceptance
e Competitive pricing against imported products
¢ Supply chain/logistics issues
¢ Limited research and innovation capacity
e Other (Please specify):

5) What strategies should be prioritized to strengthen Kenya’s vaccine man-

ufacturing sector? (Select up to 3)

e Strengthening regulatory frameworks

e Government incentives e.g. Advanced Purchase Agreements
¢ Increasing investment and funding opportunities

e Enhancing research and innovation partnerships

¢ Developing a skilled workforce through training programs

e Improving infrastructure and supply chains

e Other (Please specify):

Section 3: Partnerships and Future Engagements

6) Are you currently involved in partnerships related to vaccine or biother-

apeutics manufacturing?

DOI: 10.4236/wjv.2026.163003

74 World Journal of Vaccines


https://doi.org/10.4236/wjv.2026.163003

A. Brian et al.

Select one.
Response type: Single choice
e Yes
e No
7) If yes, what type of partnership(s) are you engaged in? (Select all that
apply)
e Pre-clinical research collaborations
¢ Clinical Trials/Bridging studies
e Regulatory and policy engagement
¢ Investment and funding partnerships
e Technology transfer and licensing agreements
¢ Manufacturing and production partnerships
8) What support or resources do you believe are most critical for fostering

successful partnerships in the sector?

9) Would you be interested in participating in future stakeholder workshops
or collaborations with BioVax?

Select one.

Response type: Single choice
e Yes
e No

Section 4: Feedback to Kenya BioVax

10) What areas do you think Kenya BioVax can improve in?

Response type: Long answer

11) Any additional comments or recommendations?

Response type: Long answer
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