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VACCINE INSIGHTS

VACCINE MANUFACTURING: DOWNSTREAM
PROCESSING AND SUPPLY CHAIN

EXPERT INSIGHT

Building manufacturing efficiency
in early process development:
challenges and opportunities

Yan-ping Yang and Tony D’Amore

Manufacturing efficiency is a major investment focus in the vaccine and biopharmaceutical
industry, as reducing costs and improving scalability are critical for long-term success. While
building robust upstream and downstream processes early can enhance long-term man-
ufacturability, it may delay initial clinical entry, thus creating a strategic tension between
speed to clinic and manufacturing efficiency. This article explores how emerging tools and
approaches, such as artificial intelligence, automation, single-use systems, and standard-
ized platform technologies, can help bridge this gap. Application of quality by design, which
is a systematic, risk-based framework that integrates process understanding, critical qual-
ity attributes, and control strategies into early development, may serve as a key enabler
in supporting more efficient tech transfer, flexible scale-up, and regulatory alignment. As
regulatory agencies increasingly emphasize the early demonstration of process robustness,
platform consistency, and lifecycle management planning, these integrated strategies may
collectively provide a pathway to accelerate development without compromising long-term
manufacturing success.
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In the vaccine and biopharmaceutical
industry, manufacturing efficiency plays
a critical role not only in operations but
also in determining a company’s financial
sustainability, competitive position, prod-
uct pricing and long-term viability. As
bio-manufacturing becomes more complex
and capital-intensive, the ability to reduce
production costs and increase profitability
is a strategic imperative.

www.insights.bio

Although it is well recognized that
manufacturing decisions made during
early development stages have a profound
impact on the success of late-stage com-
mercialization, prioritizing manufacturing
efficiency early in the product lifecycle
remains a challenge in the vaccine industry.
This tension stems from the intense pres-
sure to rapidly progress vaccine candidates
into clinical trials, especially during public
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health emergencies or under significant
competitive environments.

As a result, companies often face a stra-
tegic dilemma: prioritize short-term clini-
cal milestones or invest in manufacturing
efficiency that may delay early outputs
but may streamline commercialization
and reduce the total lifecycle cost. In this
article, we will discuss the application of
tools and technologies during early-stage
development that may offer opportunities
for balancing short-term milestones with
long-term production readiness.

THE DILEMMA

The dilemma of speed to clinic vs manufac-
turing efficiency is a strategic challenge in
vaccine and biopharmaceutical develop-
ment [1]. In early phase development, the
primary objective is to demonstrate safety
and immunogenicity in humans with an
intense pressure to reach clinical trials as
quickly as possible. This urgency often
leads teams to make ad hoc or short-term
process decisions, such as using non-scal-
able equipment, selecting materials based
on immediate availability, rather than
long-term supply, or bypassing robust
design practices. While these shortcuts
may accelerate early milestones, they
can cause major challenges later, includ-
ing inefficient scale-up, process redesigns,
regulatory delays, increased costs, and
longer time to commercial readiness, ulti-
mately jeopardizing the product’s success
and company’s sustainability. On the other
hand, focusing too early on scalable, robust
manufacturing can delay clinical mile-
stones and weaken the company’s compet-
itive edge.

The ability to strike the right balance
between the two requires a well-thought
strategy, careful planning, and cross-func-
tional collaboration (e.g., between R&D,
manufacturing, quality and regulatory,
etc.) that bridges clinical urgency with
commercial foresight. It involves aligning

scientific innovation with scalable process
design, incorporating risk management
frameworks, and applying platform-based
and digital solutions to ensure flexibility
without compromising future manufactur-
ing robustness.

OPPORTUNITIES EXPLORED

The recent innovations and technol-
ogy advancement in vaccine develop-
ment offers great opportunities to the
long-standing challenge of balancing
speed to clinic with manufacturing effi-
ciency. These technologies may offer
scalable, flexible, and rapid production
platforms that could minimize trade-offs
between development speed and manufac-
turing viability.

summarizes some of the tools and
technologies that may benefit both speed
to clinic and manufacturing efficiency, plus
some foreseen regulatory advantages.

UPFRONT MANUFACTURABILITY
ASSESSMENT IN EARLY VACCINE
DEVELOPMENT

While the primary goal during early-stage
vaccine development is to achieve rapid
entry into clinical trials and demonstrate
proof of concept, this urgency does not
need to be at the expense of long-term
manufacturing considerations. In fact,
evaluating manufacturability early on
(before lab-scale execution) is highly valu-
able and cost effective. This can be done
through a structured, paper-based exer-
cise, leveraging prior knowledge, plat-
form experience, and cross-functional
expertise

By involving experts from process devel-
opment, manufacturing, engineering, qual-
ity assurance, and regulatory affairs, teams
can identify:

Potential risks (e.g., yield bottlenecks or
impurity profiles)
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TABLE 1

Opportunities offered by innovations and technology advancement.

Tools/technologies

Speed to clinic

Benefits to

Manufacturing efficiency

Regulatory advantages

Design for
scalability: upfront
manufacturability
assessment

Platform technologies
(e.g., mRNA, viral
vectors, etc.)

Single-use system and
flexible manufacturing

Integrated and digital
solutions (e.g., data
management and PAT)

Artificial intelligence
(Al)

Avoid delays from process redesign
during scale-up production of clinical
materials

Rapid vaccine design and shortened
development timelines

Quick setup and changeover,
reduces significant upfront capital
investment; rapid facility deployment
and adaptability

Real-time data for faster
development decisions; enhances
process understanding, accelerates
troubleshooting and process
optimization

Antigen prediction, faster trial design
and monitoring, early risk assessment

Ensures smoother tech transfer,
cost-effective and efficient
commercialization

Reusable, scalable processes across
multiple products

Lower cleaning and validation costs,
improved batch turnaround; multi-
product capability, scalable at lower
capital expenditure

Improves yields, reduces deviations,
and simplifies compliance; enhances
process consistency and quality during
scale-up

Process optimization, predictive
quality control, smart automation

Ensures process comparability,
simplifies scale-up validation and
regulatory review

Enables the use of platform data and
prior knowledge for faster approval

Reduces validation complexity,
supports flexible cGMP compliance;
facilitates faster facility approval with
modular design principles

Enhanced data integrity. Ensures
traceability, enables digital batch
records, supports real-time release;
supports QbD, electronic records,
and improved compliance oversight

Streamline regulatory submissions
by providing robust, data-driven
justifications, ultimately accelerating
regulatory review and approval

» Scalability challenges (e.g., mixing,

PLATFORM TECHNOLOGIES

filtration, or shear sensitivity)
» Raw material constraints
» Equipment compatibility and facility fit
» Regulatory and compliance implications

These early assessments, based on histor-
ical data, platform benchmarks, and experts’
input, will allow development teams to iden-
tify red flags, prioritize development exper-
iments, and make more informed design
choices. This proactive approach will help
reduce rework, minimize delays in scale-up,
and support a smoother path to commercial-
ization, while controlling costs.

In short, even in a speed-driven envi-
ronment, upfront manufacturability
assessments provide a strategic advantage,
aligning early development goal with long-
term manufacturing success.

Although the concept of platform-based
product development has been established
for many years [3] in industries such as
automotive and electronics, its applica-
tion in vaccine development has gained
significant traction only recently, espe-
cially during the COVID-19 pandemic [4-6].
Traditionally, each vaccine was developed
with a customized process, leading to long
timelines and high costs [7]. Platform
technology-based approaches, such as
using established cell lines, viral vectors,
or mRNA delivery systems, etc. are now
being embraced to streamline development,
enhance scalability, and reduce regulatory
burden. This approach enables industry
to leverage prior process knowledge and
established technical competencies, reuse
core components such as raw materials and
equipment, and accelerate the path from
discovery to commercialization. As a result,
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platform-based strategies are becoming a
cornerstone of modern vaccine innovation
and pandemic preparedness. Some exam-
ples include:

» CHO-based cell culture or
Escherichia coli-based microbial
expression systems for recombinant
protein and subunit vaccines: widely
used, scalable, and regulatory-friendly
platforms

» Viral vector platforms (e.g., adenovirus,
lentivirus, AAV): allow standardized
upstream and downstream processes for
gene-based vaccines

v

Membrane-based separation
technologies which separate
molecules based on size, charge,

or affinity, are applied across both
upstream and downstream processes,
increasing efficiency, scalability, and
ability to enhance product purity and
recovery

v

MRNA-LNP delivery systems: use
templated processes for mRNA
synthesis and lipid nanoparticle
formulation, accelerating scale-up

While the platform technology-based
approach in vaccine development (i.e.,
using standardized technologies, materi-
als, and processes across multiple products,
etc.) may offer efficiency and speed, it also
presents evolving regulatory expectations.

Authorities would expect developers to
demonstrate robust knowledge of the
platform’s performance, establish a consis-
tent control strategy, and justify any data
bridging between products. While some
validation and documentation can be lev-
eraged, full comparability must be sup-
ported by risk assessments and data. Some
key challenges may include defining plat-
form boundaries, managing post-approval
changes, and navigating the different
global regulatory requirements. Therefore,
proactive engagement with regulators, and
clear lifecycle management strategies are
essential to successfully implementing a
platform-based model.

SINGLE-USE SYSTEMS & FLEXIBLE
MANUFACTURING

Single-use systems (SUS) and flexible
manufacturing platforms have revolution-
ized the way vaccines are developed and
produced, offering key advantages in agil-
ity, speed, scalability, cost-efficiency, and
contamination control, all essential for
modern upstream and downstream pro-
cesses (Table 2) [8,9]. supporting both rapid
clinical advancement and long-term com-
mercial viability (Table 3) [10-14]. Figure 1
presents an example of applying SUS in a
completely closed system for vaccine man-
ufacturing [15].

In early development, SUS compo-
nents, such as disposable bioreactors, tub-
ing sets, and filtration units enable rapid
process setup, reduced cleaning validation

TABLE 2

Some examples of single-use systems in vaccine production [8,%].

Process stage Key advantages

SUS technologies

No need for cleaning/sterilization (CIP/SIP);
lower water/energy consumption; reduced cross-

Single-use stirred-tank bioreactors (2-2000 L); disposable
sensors (pH, DO, cell density); pre-sterilized mixing bags and

Upstream (e.g., cell
culture, fermentation)

feed lines contamination risk; faster tech transfer and scalability
Downstream Single-use membrane chromatography columns; disposable Faster changeovers, less validation; improved yield
(e.g., purification, tangential flow filtration modules; closed, single-use filling and reduced contamination; flexibility for diverse
formulation) systems vaccine platforms (e.g. viral, protein, mMRNA)
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~FIGURE 1
A completely closed system from manufacturing to formulation with single-use technologies [15].
1. Virus release and 2. Clarification filtration 3.UF/DFby TFF 4. DNAdigestion 5. UF/DF by TFF 6. Form and fill
micro carrier separation by depth filtration

Disposable

Disp: sl;able Disposable 20 um/3 pm Di§posable
Disposable (T’f\;mig mixing system /0.65 um fluid patt.\ HF
;- ' (Pall Life depth TFF manifold
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clentinc Laboratory,
system
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DF: diafiltration. HF: hollow fiber. TFF: tangential-flow filtration. UF: ultrafiltration.

requirements, and minimized risk of provide seamless scalability and facility
cross-contamination. This accelerates adaptability, supporting faster scale-up,
timelines for proof-of-concept studies and reduced capital investment, and easier
clinical trial material production. technology transfer. Flexible manufac-

As the product progresses toward com- turing setups are often built around mod-
mercialization, these same technologies ular, plug-and-play systems allowing

TABLE 3

Single-use system and flexible manufacturing benefit both early development and commercial viability [10-14].

Benefits
Early development Commercial manufacturing
Speed and agility Rapid setup and turnaround time; quick delivery of Faster changeovers; responsive to market demand
clinical trial materials fluctuation
Scalability Supports small-scale, parallel development; modular Seamless scale-up using pre-validated, standardized
scale-up paths components
Cost efficiency Lower capital investment: reduced need for clean-in- Decreased operating costs; reduced utility usage and
place (CIP)/sterilize-in-place (SIP) cleaning validation
Flexibility Enables development of multiple vaccine modalities Adaptable for different products or production volumes in
simultaneously the same facility
Risk reduction Minimizes cross-contamination risk; fewer cleaning Improves batch integrity and compliance with multi-product
validations operations
Tech transfer and Simplifies process transfer due to consistent platforms  Harmonized global operations and ease of regulatory filings
standardization
Regulatory and Accelerates early engagement with regulators via Easier to validate and maintain consistent quality for
compliance platform familiarity licensure
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manufacturers to pivot between vaccine
modalities (e.g., mRNA, viral vector, recom-
binant protein, etc.) and respond to fluctu-
ating demand with greater efficiency.

By standardizing equipment and work-
flows across development and manufac-
turing, SUS platforms can help streamline
regulatory approval, simplify process val-
idation, and improve supply chain flexi-
bility. This integration across the lifecycle
ultimately supports both speed to clinic
and long-term manufacturing efficiency,
bridging a critical gap in modern vaccine
strategy.

INTEGRATED & DIGITAL
SOLUTIONS

Integrated and digital solutions play an
important role in modern vaccine and bio-
pharmaceutical development by enhancing
data collection and management, increas-
ing process visibility and control, across
development stages. The comprehensive
process knowledge generated during devel-
opment is a critical foundation for scale-up
and future commercial manufacturing,
facilitating smoother tech transfer, regu-
latory filing, and continued process verifi-
cation (CPV). These digital capabilities not
only support speed to clinic but also pro-
mote long-term manufacturing efficiency,
quality, and compliance
Some key digital tools include:

Electronic lab notebooks (ELNs) and
Laboratory Information Management
Systems (LIMS) to centralize
experimental data and ensure
traceability

Process analytical technology (PAT) for
in-line, real-time monitoring and control
of critical process parameters

Manufacturing execution systems (MES)
that link development and production
data for end-to-end traceability

Advanced analytics, including artificial
intelligence (Al) and machine learning, to
model process trends, identify variability,
and optimize conditions proactively

Some examples of integrated and digital
solutions used to improve speed to clinic
and/or manufacturing efficiency in vaccine
and biologics development are shown in

In summary, PAT enables real-time
monitoring and control of critical pro-
cess parameters, reducing reliance on
end-product testing and minimizing batch
failures. Over time, this leads to faster deci-
sion-making, fewer deviations, and more
consistent output.

MES can streamline operations by dig-
itizing workflows, automating documen-
tation, and accelerating batch review and
release. This reduces manual effort, short-
ens cycle times, and supports efficient
scale-up and tech transfer.

Together, PAT and MES may contrib-
ute to long-term time savings by enabling
a more agile, automated, and data-driven
manufacturing environment.

ARTIFICIAL INTELLIGENCE

Although Al is part of the integrated and
digital solutions to vaccine development,
it also deserves special mention due to
its transformative capabilities across the
entire development and manufacturing
continuum from early-stage antigen dis-
covery and clinical trial design to predic-
tive process modeling, and commercial
production optimization. Al accelerates
decision-making, reduces experimental
burden, enhances process robustness, and
enables proactive quality control, ulti-
mately improving both speed to clinic and
long-term manufacturing efficiency. Al
has attracted significant attention across
the life sciences industry. In the context
of vaccine development, Al is no longer
just a futuristic concept but a practical tool

Vaccine Insights 2025; 4(7), 257-267 - DOI: 10.18609/vac.2025.039
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Examples of integrated and digital solutions used in vaccine and biopharmaceutical development.

Technology

Process analytical
technology

Machine learning

Manufacturing
execution systems

Example application Organization/use case

CHO cell culture process monitoring in
biomanufacturing [18]

Real-time monitoring using Raman spectroscopy for critical parameters
(e.g., glucose, cell density)
Machine learning to enhance cell culture bioprocess development AstraZeneca R&D project [19]

Pfizer's COVID-19 vaccine production
[20]

Linking global production data for rapid scale-up of vaccine production

Digital batch record automation and real-time production traceability GSK smart manufacturing facilities [21]

TABLE 5

Examples of Al applications in vaccine development.

Application area

Antigen discovery
Vaccine design

Clinical trials

Clinical trials

Smart manufacturing

Al use case
Al used to predict vaccine candidates using protein structure and genomic data [22]
Al-assisted mRNA vaccine design and optimization [23]

Machine learning to assess the effects of vaccination on the fatality rate of the
COVID-19 pandemic [24]

Al- assisted COVID-19 vaccine clinical trial data review [25]

Al-driven predictive maintenance and process control (Sanofi’s digital manufacturing

transformation) [26]

delivering real impact. From accelerating
antigen discovery and streamlining clini-
cal trial design to enabling predictive ana-
lytics in manufacturing, Al technologies
are reshaping how vaccines are developed,
tested, and produced (Table 5) [22-26].

At the discovery stage, Al-driven compu-
tational modeling helped identify optimal
antigen targets and predict immunogenic
responses, significantly reducing the time-
line from genome sequencing to candidate
selection [27]. During clinical development,
Al tools were used to optimize trial pro-
tocols, identify patient cohorts, monitor
safety signals, and accelerated data anal-
ysis, enhancing the speed and success rate
of trials.

On the vaccine process development
side, however, its application remains rel-
atively underexplored and Al’s integration
into upstream and downstream processes
is still developing. Potential uses include

optimizing cell culture conditions, predict-
ing yield based on raw material variability,
automating process control using pattern
recognition, and supporting continuous
bioprocessing through real-time deci-
sion-making. Tools such as Al-enhanced
PAT, digital twins, and machine learning
algorithms are beginning to show promise
in identifying process anomalies, predict-
ing deviations before they impact product
quality, and improving batch consistency
in biopharmaceutical manufacturing
[28-30]. These advancements will not
only improve the overall manufacturing
efficiency but also align with regulatory
expectations for enhanced process under-
standing and control. Al is proving to be
a valuable enabler of both speed to clinic
and long-term manufacturing efficiency,
and its role will continue to expand as
digital maturity grows across the vaccine
industry.

ISSN 2752-5422 - Published by Biolnsights Publishing Ltd, London, UK
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QUALITY BY DESIGN

Quality by Design (QbD) is a systematic,
science- and risk-based approach to phar-
maceutical development that was first
introduced by the FDA in 2004 and fur-
ther supported by the International Council
for Harmonization (ICH), notably through
ICH guidelines Q8 (R2), Q9, Q10, and Q11
. Its core principle is that quality should
be built into a product from the very begin-
ning, rather than tested into it at the end.
While the benefits of QbD are well recog-
nized, its application in early development
is often perceived as time consuming and
resource intensive. In fast-paced vaccine
programs, where speed to clinic is a high pri-
ority, teams may hesitate to invest in com-
prehensive risk assessments, experimental
designs, and control strategy development
upfront. However, the FDA’s concept of
QbD presents a forward-looking framework
that can help developers to achieve high
product quality, regulatory compliance,
and long-term manufacturing efficiency.
By shifting from reactive quality control to
proactive process design, QbD may bridge
the gap between rapid early-phase devel-
opment and robust commercial readiness. It
embeds scientific understanding, risk man-
agement, and process control into develop-
ment activities, reducing the likelihood of
costly redesigns or regulatory hurdles later
on. When combined with enabling technol-
ogies such as Al, automation, and modular
platforms, QbD may serve as a powerful
strategic tool to support agile, scalable, and
globally deployable vaccine manufacturing

CONCLUSION

The long-standing dilemma between
accelerating speed to clinic and ensuring
long-term manufacturing efficiency has
become increasingly complex in today’s

competitive and high-stakes vaccine
landscape. However, recent technological
advancements and integrated approaches
offer a path forward that doesn’t need to
compromise one for the other. The adop-
tion of single-use systems, standardized
platform technologies, and digital tools
such as Al, PAT, and advanced analytics
enable faster, more flexible development
processes while building a strong founda-
tion for scalable, cost-effective, and compli-
ant manufacturing. In addition, application
of QbD, a systematic, risk-based framework
endorsed by regulators, may offer a stra-
tegic advantage in aligning early develop-
ment with long-term manufacturing goals.
By emphasizing process understanding,
control, and continuous improvement;
defining critical quality attributes and con-
trol strategies early in development, QbD
can support both product quality and man-
ufacturing agility.

By embedding considerations of man-
ufacturability, scalability, and data inte-
gration into early development strategies,
organizations can minimize late-stage
redesigns and regulatory delays. This pro-
active mindset, supported by paper-based
manufacturability assessments, modular
design, and smart process automation, will
allow for agile development without sac-
rificing quality or commercial readiness.
Nevertheless, challenges remain, including
the need to meet global regulatory expec-
tations, manage the evolving nature of
platform technologies, and sustain clear,
modular documentation throughout the
product lifecycle.

Ultimately, the right combination of
innovation, cross-functional alignment,
and strategic foresight will empower vac-
cine developers to not only bring products
to clinic faster but also ensure they are
manufacturable, sustainable, and globally
deployable at scale.

Vaccine Insights 2025; 4(7), 257-267 - DOI: 10.18609/vac.2025.039
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VACCINE MANUFACTURING: DOWNSTREAM
PROCESSING AND SUPPLY CHAIN

COMMENTARY

Vaccine wastage through a
new lens: improving estimates
through analytics

Laila A Akhlaghi and Wendy Prosser

Wastage rates of vaccines are an inevitable part of immunization supply chains. With the
increasing cost of vaccines and resource constraints, however, minimizing wastage has
become a critical priority for immunization programs globally, perhaps at the risk of cover-
age. Reported or calculated wastage rates using only health service delivery data are often
inaccurate and, when aggregated from different levels of the supply chain, lose their nuance
and the ability to provide true insight. In a unique approach, our analysis, which utilizes a
combination of service delivery and supply chain data from two districts in Mozambique to
calculate wastage rates, proves both feasible and applicable. This illustrative analysis show
wastage rates at the district level are comparable to global standards, yet markedly different,
at times with a wide range, when disaggregated at the facility level. This analysis also shows
the link between lower volumes of monthly administration and higher wastage rates. With
improved data and information systems now available, immunization programs have the
opportunity to calculate accurate and tailored wastage rates, using them to identify sites
requiring strengthening of service provision, program implementation, or reporting qual-
ity data, and thereby improving the accuracy of forecasts and re-supply decisions for the
facility level. We take this opportunity also to suggest an update to the language used for
vaccine ‘wastage rate’ as it no longer reflects the nuanced realities of vaccine management
and inadvertently casts a negative light on essential operational processes and can hinder
the provision of immunization services.
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BACKGROUND is categorized into two primary forms:

closed-vial wastage and open-vial wastage.
Some loss of product is an inherent Closed-vial wastage typically stems from
aspect of any supply chain. In the con- suboptimal vaccine storage and handling
text of immunization programs, this loss practices, leading to issues such as expired
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doses, broken vials, or exposure to extreme
temperatures (heat or freezing). Conversely,
open-vial wastage occurs when multi-dose
vials are opened for administration but
are not fully utilized within the stipulated
timeframe, necessitating the discard of
remaining doses. Wastage can be influ-
enced by vial size, catchment population
size, demand, and inventory management
and handling practices.

Historically, a certain degree of vaccine
loss has been tolerated. However, with the
advent of higher-cost vaccines and increas-
ing resource constraints faced by govern-
ments and donor organizations, a renewed
emphasis on minimizing wastage has
become a critical priority for immunization
programs globally. That said, this increased
focus on wastage should be considered
when weighing the consequences for ser-
vice delivery and the program’s ability to
reach all eligible people. This heightened
awareness underscores the need for accu-
rate wastage calculation methodologies
and the strategic design of supply chains
and programs aimed at substantially reduc-
ing vaccine wastage, while increasing
coverage.

The accurate measurement and effec-
tive management of vaccine wastage
rates present a significant conundrum for
immunization programs, influenced by a
multitude of interconnected factors. A key
consideration is the willingness of health
workers to open multi-dose vials, which
often involves a delicate trade-off between
minimizing potential wastage and maximiz-
ing vaccine coverage |1]. Data on wastage
are typically reported by health facilities
via service delivery reports or determined,
based on the number of vials opened rather
than the actual doses discarded. The diffi-
culty and disincentives to reporting accu-
rate wastage data result in the reporting
of questionable data. Moreover, as these
figures are aggregated through various
levels of the health system, the granular
details and specific drivers of wastage at

the facility level become obscured, hinder-
ing the identification of sites that require
targeted interventions. Meanwhile, supply
chain or transactional data is reported sep-
arately, sometimes by different staff, and is
typically not considered when reviewing
wastages.

Large-scale studies are occasionally
undertaken to provide more accurate
assessments of wastage ; however,
these are labor-intensive, time-consuming,
inherently expensive, and a one-time snap-
shot that do not allow for ongoing quality
control monitoring. Crucially, even compre-
hensive studies often struggle to capture
the significant geographic and operational
differences in wastage rates that can exist
within a single country, making it difficult
to develop applicable solutions.

Additionally, planning tools such as the

have been

created to provide an easy way to calcu-
late wastage rates per session size, yet true

data about session size is not readily avail-
able. As such, users are required to estimate

probable session sizes to calculate wastage,
beginning the process with an error intro-
duced by this assumption.

The World Health Organization (WHO)
provides global standards for acceptable
wastage rates differentiated by vial size and
vaccine type (e.g., lyophilized vs liquid)
However, it is important to recognize that
these global standards were established
at a time when the requisite facility-level
data for achieving true insight and a com-
prehensive understanding of wastage rates
were not yet available or of poor-quality.
The global standards served a purpose at
the time, yet with the evolution of data
systems and the quality of facility-level
data now available in some settings, wast-
age rates can be calculated to serve tailored
benchmarks and can reflect the reality of
different geographies and health facili-
ties. As the barriers to calculating tailored
benchmarks fall, so does the rationale for a
one-size-fits-all model.
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ALTERNATIVE DETERMINATION
OF WASTAGE RATES

As an illustrative analysis to build the case,
we examined how existing data can be
queried in a different way to better under-
stand how to calculate tailored wastage
rates reflecting local realities. We took data
from all health facilities (a total of 36) in
two Mozambican districts as a case study,
integrating data from the logistics manage-
ment information system (LMIS) and the
health management information system
(HMIS). The objective of this analysis was
to better understand the feasibility of cal-
culating wastage rates tailored to the facil-
ity and district levels and determine how
that can be incorporated into more accu-
rate re-supply calculations for facility-level
vaccine distribution.

Stock data on the number of vaccines at
the beginning of the month, doses received
during the month, and stock balances at
the end of the month from the LMIS at the
facility level were used to calculate the
total vaccines consumed each month. This
was compared to doses administered that
were reported through HMIS. What was
consumed but not reported as an admin-
istered dose was calculated to be wastage.
What is unique about this approach is
the comparison to the transactional data
reported in the logistics system, as conven-
tional facility-level reporting of open vial
and wastage rate through the HMIS are
typically of questionable accuracy:.

The analysis did not distinguish
between closed-vial or open-vial wastage.
The logistics system in Mozambique, much
like in many countries, does not easily allow
for reporting of losses and adjustments to
record closed-vial wastage in the system. If
losses and adjustments were part of report-
ing forms and used by staff, the closed-vial
wastage rate could be calculated using the
losses and adjustments field, and the wast-
age rates identified in this analysis would
be representative of open-vial wastage only.

Additionally, since consumption data has
historically not been collected, calculated,
or reported as an indicator, nor compared to
HMIS data, the quality of both systems has
stagnated. There has been little feedback
to healthcare providers to fully account for
where doses are going, and consequently,
countries have not had quality data to use
for alternative forecasting methods (i.e.,
consumption-based methods).

BETTER UNDERSTANDING
OF WASTAGE RATES

The results of this illustrative analysis
for district-level wastage rates averaged
across facilities were somewhat compara-
ble to the WHO global standards with BCG
as the significant exception . We
acknowledge that there may be data qual-
ity issues with the data used in this analy-
sis that contributed to the differences seen
from the WHO standards.

Particularly compelling insights came
from reviewing the results of the facili-
ty-level wastage rates, indicating a large
range of wastage rates across vaccines. For
example, shows particularly high
variability for the two lyophilized vaccines,
BCG and MR, with BCG wastage rates span-
ning from 40-85%, and MR spanning from
8-68%. Each dot represents a different
facility and month, demonstrating vari-
ability and local realities, and/or quality of
reported data.

Session size, specifically the number of
children attending a facility for vaccine
services, is a key factor influencing wast-
age rates, especially for lyophilized vac-
cines (BCG and MR). compares the
wastage rate to the doses administered of
that vaccine at the facility per month as a
proxy for session size, since session size is
not a readily available indicator. Logically,
facilities that have a lower volume of doses
administered in a month (likely linked to
smaller facilities or population targets)
will have higher wastage rates, particularly
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District-level wastage rates for seven vaccines.
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for BCG and MR. The outcomes
are similar to those identified previously
in studies showing this relationship with
the birth cohort of the catchment area and
the session frequency [5]. These findings
suggest that further research with a larger
volume of data and across multiple coun-
tries would be beneficial to determine if the
same relationship previously reported also
exists with doses administered.
Additionally, an acceptable range (confi-
dence interval) unique to service provision
and the type of sites providing immuniza-
tion services in a country could be identi-
fied. Outliers, far from the trend line and
its confidence interval in either direction,
can be used to uniquely identify facilities
requiring follow-up or training on report-
ing to information systems, or retraining
on vaccine administration and service
provision.

NEW DATA-DRIVEN APPROACHES

Managing vaccine wastage is at an oppor-
tune moment for transformation, driven by
the availability of data in electronic infor-
mation systems and the willingness to use
this data to mature processes [6]. Global

standards of wastage rates provided useful,
if imperfect, measures, but these bench-
marks no longer reflect current opportuni-
ties. The results of this illustrative analysis,
and three other country analyses underway;,
demonstrate that there is an opportunity to

revise the approach to calculating wastage

rates where such data exists. Preference is

for facility-level measures, but where this

is not possible, sub-national-level mea-
sures may be useful as a start.

As we explore this approach in three
countries, where the data quality is
thought to be strong, similar wastage rate
patterns (to those represented in )
have emerged with fewer outliers that need
to be reviewed through supervision or data
quality checks. Initial analysis in settings
where data quality is highly questioned
provided no patterns, calling into question
the quality of the data and the readiness for
the system to apply such analysis.

With available data and the drive for
efficiency, immunization programs have
an opportunity to refine methods for cal-
culating vaccine re-supply decisions to the
facility level with more accurate and tai-
lored wastage rates and further insight into
true consumption. Consumption-based
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Range and median of facility-level wastage rate.
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BCG and MR have the largest range. Each dot represents a health facility’s calculated wastage rate for

1 month.

forecasts and resupply calculations can add
to a more accurate projection of vaccine
needs by considering actual utilization pat-
terns for planning rather than relying solely
on population estimates. We acknowledge
wastage rate cannot be based on a single
metric and decisions must also consider
upstream factors such as vial size and sup-
ply chain design, as well as downstream
issues like demand creation activities, rou-
tine versus campaign or new vaccine intro-
duction efforts, the size of the catchment
population, and policies governing the use
of open vials, as examples.

One concern often raised is that the
data quality is not strong enough to cal-
culate wastage, undermining confidence
in its reliability for informing supply chain
decisions. While this concern regarding
data quality is evident in the Mozambican

data presented here with some outliers,
practical experience demonstrates that the
consistent use and continuous review of
data inherently leads to quality improve-
ments as specific concerns are addressed
through routine analysis and application

. Although not the sole solution to
increasing the quality of data, using indi-
cators like the wastage rate discussed
here, will lead to data quality improve-
ments. Since our proposed wastage rate is
calculated using both logistics and service
data, outliers identified may be a result of
inaccurate reporting of either or both data.
Follow-up of outliers would identify a real
or perceived wastage and improve report-
ing behavior and quality of reported data.
Additionally, integrated data systems can
facilitate enhanced quality control checks
through data entry and reporting, enable
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Results of wastage rate compared to doses administered as a proxy for session size.
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timely resolution of data quality issues
and flag prioritization of supportive super-
vision, such as when doses reported to be
consumed are higher than were available
in inventory, or when wastage rates are
calculated to be gains rather than losses.
Our other country analyses have begun to
demonstrate these advantages.

DRIVING FOR CHANGE

The current terminology of ‘vaccine wast-
age rate’ no longer accurately reflects the
nuanced realities of vaccine management
and inadvertently casts a negative light on
essential operational processes. The term
wastage’ implies an avoidable loss, lead-
ing to misinterpretations and discouraging
transparent reporting of necessary vaccine
use. High wastage is often and inadver-
tently attributed to the health worker by

‘.

supervisors and in literature and guidance,
defining open vial wastage as ‘attributable
to immunization workers’ practices and
discarding of unused doses from..multi-
dose vials’ [4]. In settings where client
flow is unpredictable, strict adherence to
minimizing open-vial wastage can inad-
vertently lead to missed opportunities for
vaccination, coming at the cost of coverage.

Wastageis aninevitable part of animmu-
nization program and should be accounted
for and factored into supply planning using
a tailored estimate. The current global
emphasis on reducing wastage provides
a disservice to health workers when they
have to decide between a vaccination or
reporting higher wastage rates, when they
are not in control of when a caregiver will
walk into the waiting room next for service.
Using wastage rates unique to the site’s
past performance of doses administered,
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re-supply decisions can ensure a health
worker has all the vaccines necessary to
guarantee that all children are vaccinated
and no opportunities to vaccinate are lost.

In reality, a significant portion of what is
currently categorized as ‘wastage’ includes
critical elements like vaccine doses remain-
ing in multi-dose vials after the required
doses have been administered to ensure
high coverage. The use of the word wast-
age obscures the important distinction
between truly avoidable losses due to sup-
ply chain mismanagement (such as expi-
ries or long exposure to heat or cold) and
unavoidable losses that are inherent to the
optimal delivery of vaccination services.

To foster a more accurate and construc-
tive dialogue around vaccine management,
we must evolve our lexicon. We propose
replacing ‘wastage rate’ with terms that
better capture the operational realities,
such as ‘operational loss rate’, ‘utilization
rate’, or ‘use balance’. This shift allows for
a clearer differentiation between a ‘stan-
dard operational loss’ (which accounts
for the unavoidable amount remaining
in multi-dose vials) and truly avoidable
losses. Furthermore, adopting concepts
like ‘acceptable loss’ or ‘tailored standard
loss’ can enable facilities to monitor their
vaccine handling against a more realistic
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VACCINE MANUFACTURING: DOWNSTREAM
PROCESSING AND SUPPLY CHAIN

Building sustainable,
forward-looking immunization
programs: lessons from Rwanda

VIEWPOINT

“Rwanda’s immunization system demonstrates the
importance of integrating vaccination into broader
healthcare systems and embracing innovative technologies...”

In recent years, immunization efforts in Rwanda have shifted from a primarily reactive
approach to a proactive one, driven by the integration of vaccination into broader health-
care systems, an open-door policy to innovative technologies, last-mile delivery initiatives,
and strong political support. The country is moving away from vertical, isolated programs
toward horizontal, integrated interventions to strengthen immunization services. Having
worked in public health for the past decade and in my current role as Program Manager for
Immunization at Clinton Health Access Initiative Rwanda, | have been fortunate to observe
this evolution—not only in Rwanda, but across the region. In this article | will highlight some
of the key factors that | believe contribute to successful vaccine delivery, including the crit-
ical last mile.

On August 5, 2025, Charlotte Barker, Editor, Vaccine Insights, spoke to Hyacinthe
Mushumbamwiza, Senior Program Manager, Clinton Health Access Initiative about Rwanda’s
evolving immunization strategies. This article has been written based on that interview.
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LINKING VACCINATION WITH
BROADER HEALTH SERVICES

It is important to acknowledge that immu-
nization is not a standalone service but
rather a core part of a broader healthcare
system. The integration of immunization
services into wider healthcare systems in
Rwanda has allowed for sharing resources,
staying connected to other essential ser-
vices, and reaching communities more eas-
ily, improving access and coverage.

In Rwanda, most services are deliv-
ered at the primary healthcare (PHC) level,
including immunization, so that those who
seek vaccination services do not have to
travel long distances to access them and
ensure equitable access.

Furthermore, by staying aligned with
broader healthcare developments, immu-
nization benefits from shared investments
in other services, ensuring it continues to
receive support and resources. The coun-
try’s plan for healthcare to 2028 is to con-
tinue to prioritize PHC—more than 95% of
patients are expected to be treated at the
PHC level, and immunization will be a key
part of these services, benefiting from the
momentum.

EMBRACING INNOVATION
IN VACCINE DELIVERY:
DIGITIZATION & Al/ML

When investing in immunization, it is cru-
cial to embrace new technologies, espe-
cially those that allow vaccine developers
and public health professionals to better
understand the communities being served
and make informed, data-driven decisions.

In Rwanda, the immunization field has
become increasingly digitally focused,
with greater emphasis on data use, deci-
sion-making, and adaptability through
tools such as analytics, artificial intelli-
gence (Al), and machine learning (ML).

For example, the country uses a dig-
ital Vaccine Logistics Management

Information System to manage supply
chain logistics information from the cen-
tral warehouse down to the service delivery
level. This system has been tremendously
useful for planning supplies and providing
real-time visibility of stock levels. This
ensures that when it is time to plan for
procurement, especially since vaccines
are imported, decision-makers can be pro-
active and informed if they notice unusual
demand, which might trigger early pro-
curement. Moving from a paper-based sys-
tem to a fully digital one leads to improved
data utilization, cost savings, and faster
decision-making.

Furthermore, Rwanda is exploring Al/
ML for improving and optimizing the sup-
ply chain by predicting demand, which
helps minimize wastage and reduce costs
by avoiding unnecessary supplies as well as
for cold chain management. The Al models
use data from different sources—civil regis-
tration, vital statistics, as well as maternal
and child health services—to predict and
plan vaccine demand, rather than relying
on retrospective monthly data for forecast-
ing and distribution.

LAST-MILE VACCINE DELIVERY:
OPPORTUNITIES & CHALLENGES

Rwanda’s  Expanded  Program on
Immunization is working to ensure that
vaccination services are available at the
individual level by strengthening the
supply chain, embedding training for the
health workforce, and ensuring all neces-
sary precautions and resources are in place.

More specifically, the Ministry of Health
is now working to improve PHC by improv-
ing the number and capacity of health
posts. A few years ago, last-mile delivery
services were mainly happening at the
health center level. With the increased
number of health posts as part of country
priority to strengthen PHC, immunization
services are using this opportunity to bring
immunization to that level.
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Rwanda has also adopted drones to
deliver cost-effective and timely healthcare
services, including vaccines. For example,
drones can quickly deliver what is needed
daily to health posts, helping to minimize
costs and wastage rates compared with
larger, less frequent deliveries by road.
Drones can be useful even at larger facili-
ties—for example, if a family arrives unex-
pectedly at a health center requesting a
vaccine that is out of stock, it could be deliv-
ered within minutes by a drone, meaning no
oneis senthome without getting vaccinated.

There are still challenges that must be
addressed for effective last-mile delivery.
First, costs must be kept within tight bud-
gets, and wastage avoided. Micro-planning
and scheduling for immunization days
must be carefully managed—not only to
reduce wasted vaccine doses but also to
ensure efficient use.

There are always operational costs
attached to last-mile delivery. As last mile
delivery is expanded, there is a need for
additional investment, since more immu-
nization sites are required. Plus, if new
technologies are incorporated, it is import-
ant to ensure that the cold chain does not
consume too much energy and become pro-
hibitively expensive. Finally, it is important
to ensure essential physical and techno-
logical infrastructure, building a capable
and skilled health workforce are in place
to accommodate these technologies and
innovations.

FROM VISION TO ACTION:
POLITICAL SUPPORT FOR
IMMUNIZATION

Another factor in improving vaccination
rates and successful delivery is high-level
political support. One of the reasons why
Rwanda is known for its rapid response to
outbreaks and pandemics is that leader-
ship recognize the value of immunization,
and there is a shared understanding that
immunization is a key pillar in disease pre-
vention. For example, HPV immunization
is at the heart of Rwanda’s current cervical
cancer elimination strategy.

Active participation and streamlined
communication also help address vaccine
hesitancy, which is relatively minimal in
Rwanda.

SUMMARY

Countries around the world are strength-
ening immunization programs through a
variety of strategies, and all can learn from
each other. Rwanda’s immunization system
demonstrates the importance of integrat-
ing vaccination into broader healthcare
systems and embracing innovative tech-
nologies such as digital tracking, AI/ML,
and drones for last-mile delivery. The coun-
try’s proactive, data-driven approach bal-
ances efficiency with equity, addressing
challenges in supply chain management
and vaccine wastage.
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VACCINE CLINICAL UPDATE

Science that serves: building
sustainable vaccine clinical research
capacity in Malawi and the UK

“The fundamental insight is that research capacity cannot
be built through external expertise alone.”

Charlotte Barker (Editor, Vaccine Insights) speaks to Stephen Gordon (Professor of
Respiratory Medicine, University of Edinburgh) about his 25 years researching vaccine
immune responses and controlled human infection models in Malawi. The discussion covers
the unique immunological advantages of high-endemic settings, progress in tuberculosis
challenge model development, and sustainable approaches to building research capacity in
resource-limited settings.

Vaccine Insights 2025; 4(7), 237-243 - DOI: 10.18609/vac.2025.036

Q What was your path to clinical vaccine research?
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S Having lived in Africa as a child, | had always wanted to return. After com-

pleting my medical degree, my wife (also a doctor) and I spent 6 months work-
ing in southern Zambia at the height of the AIDS pandemic in 1993. The sheer scale of
unmet medical need we saw convinced us both that the solutions lay in research-driven
approaches to global health challenges. This led me to become a specialist in respiratory
medicine, with a focus on infectious diseases in resource-limited settings.
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I joined the newly established Wellcome clinical research program (later to become
Malawi Liverpool Wellcome Program, MLW) in Malawi in 1997 as one of four founding
clinical fellows. Over subsequent decades, MLW has seen remarkable institutional growth,
from that initial team of four to nearly 1,000 staff by 2022, when I concluded my tenure as
director.

How have your research interests evolved and what are the com-
mon threads?

This progression reflects a consistent philosophy of asking not just ‘what is
happening in the lung?’ but also ‘what can be done about it?’.

Early pulmonary vaccination studies, including our failed inhaled pneumococcal vac-
cine trials [6] in the early 2000s, revealed the complexity of lung immune responses. These
challenges drove the development of CHIMs as more effective tools for understanding
respiratory pathogen interactions and vaccine efficacy

My current focus encompasses pneumococcal disease and tuberculosis CHIMs, with an
emphasis on translating findings into interventions that address the most pressing respi-
ratory health challenges in global health settings.

A common thread throughout my research has been understanding respiratory host-
environment interactions and translating those insights into actionable interventions.

Our work on household air pollution [8] and improved cook stoves in Malawi [9] demon-
strated that even substantial environmental exposures to lung toxins do not necessarily
increase susceptibility to infection. This paradox was also apparent when studying the
impact of HIV infection on lung health in Malawi, where we discovered that the lung main-
tains remarkable resilience, even in immunocompromised populations . Significant
disease progression and tissue damage must occur before respiratory defense mechanisms
become compromised.

These discoveries led to a fundamental insight: the lung has evolved sophisticated reg-
ulatory mechanisms that prevent excessive immune responses to routine environmental
challenges. This principle became evident when we attempted pulmonary vaccination
approaches. While systemic immunization generated measurable antibody responses in
both serum and bronchoalveolar lavage fluid, direct pulmonary delivery produced only
systemic antibody production with no local enhancement. The lung’s measured immune
response system, designed to avoid overreaction to environmental exposures, also damp-
ened responses to our vaccination approach

These insights collectively demonstrated that traditional vaccination approaches fail
to harness the lung’s natural capacity for protective immunity. Since natural pathogen
exposure can generate long-lasting protection, and the respiratory tract clearly possesses
sophisticated immune capabilities, we needed controlled experimental systems to under-
stand what constitutes effective pulmonary immune activation. This scientific rationale
drove the development of CHIMs as tools for dissecting respiratory pathogen interactions
and informing next-generation vaccine strategies.
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Why is it important to conduct CHIMs in high-endemic settings
like Malawi?

Vaccine efficacy data from low-endemic populations may not translate to
high-burden regions due to fundamental differences in baseline immunity. CHIMs ensure
that promising interventions are evaluated under realistic immunological conditions
rather than the artificial low-exposure environments of high-resource settings.

High-endemic populations provide unique immunological landscapes that cannot be
replicated in low-endemic settings, offering critical insights for vaccine development in
the regions where interventions are most needed

Malawians experience continuous exposure to diverse bacterial pathogens, including
tuberculosis, which results in complex pre-existing immune profiles—markedly different
from populations who encounter primarily seasonal respiratory viruses. These differential
exposure patterns generate distinct immunological signatures that directly influence vac-
cine efficacy and post-vaccination protection.

Paradoxically, extensive prior pathogen exposure in high-endemic populations often
reduces vaccine effectiveness—a phenomenon that is clearly demonstrated in our pneu-
mococcal research. Despite conjugate vaccine rollout, type 3 pneumococcus carriage has
remained highly prevalent in Malawi due to high rates of prior pathogen exposure

The persistence of type 3 pneumococcus in Malawi provides an ideal testing scenario
that cannot be replicated elsewhere. This strain demonstrates substantial antimicrobial
resistance and lacks an existing preventive vaccine. The pathogen poses significant clini-
cal threats while remaining amenable to safe experimental modeling in a population with
established community support for research participation.

Our UK Research and Innovation-funded protein vaccine trial leverages this unique
opportunity by comparing protein vaccine to conjugate vaccine and placebo in a type 3
human challenge model. This study addresses locally critical questions that could poten-
tially alter vaccination practice if the protein vaccine demonstrates superior efficacy
against this resistant strain.

You have also worked on the development of TB CHIMs. What
progress has been made and what are the key hurdles?

Through mecha-
nisms we do not fully understand, most infected individuals never develop active disease,
and current vaccines show geographic efficacy patterns that suggest fundamental gaps in
our knowledge of protective immunity.
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The critical breakthrough has been recognizing that we cannot simply apply conven-
tional CHIM approaches to TB. Wild-type TB poses unacceptable safety risks due to unpre-
dictable latency and reactivation potential. This constraint has driven the development of
innovative models using safer mycobacterial surrogates that can provide immunological
insights while maintaining participant safety.

Our current approach focuses on skin-based BCG models as the most scientifically
tractable starting point. BCG offers several advantages: an established safety profile from
billions of administrations, demonstrated protective efficacy in certain populations, and
compatibility with skin delivery that permits recovery of both organisms and immune
cells for detailed analysis. The skin site allows controlled inoculation, precise monitoring,
and complete tissue sampling, capabilities impossible with pulmonary delivery.

Critics correctly note that intradermal BCG represents an imperfect model for pul-
monary TB infection. However, this criticism misses the strategic value of establishing
proof-of-principle for controlled mycobacterial challenge methodology. Skin macrophages
and trafficking lymphocytes may provide translatable insights into TB immunity, while
the experimental framework allows us to develop safety protocols and immunological
readouts essential for progression to more complex models.

Parallel development of genetically modified Mycobacterium tuberculosis with engi-
neered kill switches represents the next evolution toward more representative challenge
strains. These approaches maintain greater sequence homology to wild-type TB while
incorporating safety mechanisms that address concerns about pathogen persistence.

The ultimate goal is not simply to develop safe TB challenge models, but to understand
what constitutes protective immunity against mycobacterial infection. Current vaccine
failures suggest we lack fundamental knowledge about the immune responses that pre-
vent disease progression. CHIMs provide the only experimental system capable of dis-
secting these mechanisms in humans, making this challenging development pathway
essential for advancing TB vaccine science.

How does your new position at Edinburgh fit with your ongoing
work in Malawi?

This represents a strategic approach to leveraging high-resource laboratory
infrastructure for globally relevant research questions.

The critical scientific opportunity lies in understanding why vaccine responses differ
so dramatically between populations. Our previous pneumococcal research demonstrates
that identical vaccines generate markedly different efficacy profiles in UK versus Malawi
populations, yet we lack mechanistic understanding of these differences. Edinburgh’s
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advanced analytical platforms—particularly single-cell transcriptomics and high-dimen-
sional immunoglobulin functional assays—can dissect these population-specific immu-
nological signatures at unprecedented resolution.

Several specific research questions exemplify this approach. We are investigating how
pre-existing bacterial exposure shapes innate immune cell programming and whether
these differences explain differential vaccine responsiveness. Additional work examines
whether mucosal immunity patterns in high-endemic populations could inform improved
vaccine delivery strategies for temperate climates.

This model extends beyond simply analyzing Malawi-derived samples in UK laborato-
ries. In equitable north-south partnerships, UK-based researchers gain access to unique
immunological questions that cannot be addressed in low-endemic populations, while
African scientists gain access to analytical capabilities that enhance their research pro-
grams . This bidirectional scientific exchange ensures that both institutions benefit
from complementary expertise and infrastructure.

Ultimately, this approach addresses a critical gap in global health research: understand-
ing how interventions developed in high-resource settings must be modified for effective-
ness in high-burden regions. By combining Malawi’s unique population immunology with
Edinburgh’s analytical sophistication, I hope we can develop vaccines and interventions
that are effective across diverse immunological landscapes.

What are the most important considerations for building sustain-
able research capacity in resource-limited settings?

Traditional models that force young clinicians to choose between specialist training and
research careers ultimately limit both clinical expertise and scientificinnovation in regions
where both are desperately needed.

The Clinical Research Excellence and Training Open Resource (CREATOR) initiative
at MLW addresses this challenge through deliberate architectural and programmatic
design that facilitates natural progression from clinical questions to research investiga-
tion. CREATOR establishes research infrastructure within clinical settings, enabling prac-
titioners to develop and maintain clinical specialist skills while also building and refining
research expertise. The concept recognizes that the most impactful research emerges
when clinicians who understand local disease patterns have access to the tools, training
and collaboration necessary to investigate their clinical observations systematically.

The fundamental insight is that research capacity cannot be built through external
expertise alone. Malawian physician-scientists in training address regionally relevant
questions that external researchers cannot conceptualize or execute in a contextually
nuanced manner. Trainees in my team work on bacterial lysates, protein vaccines, and
TB-CHIM development—their interest and motivation emerge from direct clinical experi-
ence with local disease patterns, combined with sophisticated research training.

The impact extends to systemic transformation. With 200 postgraduates across 20
research groups engaging with integrated clinical-research training in Malawi, CREATOR
has the capacity to allow the entire healthcare ecosystem to develop enhanced analyti-
cal capabilities. This will, I think, create sustainable scientific infrastructure that persists
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beyond external funding cycles, representing genuine institutional capacity-building at

regional scale.
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Stephen Gordon has conducted clinical and translational research in the UK and Africa since
1993; his research in pulmonary disease in Malawi began in 1997. His initial research focus
was on HIV-associated lung macrophage functional defects, specifically against pneumonia.
He subsequently expanded his interest to include the effect of household air pollution on
pulmonary defense including a landmark cook stove intervention trial published in Lancet.
His current research focuses on defense against respiratory infection using a pneumococcal
challenge model. This model was developed in Liverpool, UK, transferred to Malawi, and is
now being used to explain the relative lack of herd immunity following pneumococcal con-
jugate vaccine implementation in Malawi. New studies focus on more resistant serotypes,
populations at risk including people living with HIV, and new immunomodulatory agents as
well as new vaccines. Future projects include TB human challenge studies to bring forward
vaccine discovery in Malawi. As Director of the Malawi Liverpool Wellcome program (2015-
2022), Stephen led with a vision of ‘research to benefit health and training the next gener-
ation of researchers’. He was known for developing research groups and a training program
that nurtured trainees from postgraduate to professor level. Prior to that, he developed the
Pan African Thoracic Society research training program, which has resulted in a network
of respiratory research across Africa. During the COVID times in Malawi, he and others
brought an oxygen plant to Queen Elizabeth Central Hospital, saving many lives at the time
and in the future. Currently Stephen leads the CREATOR (Clinical Research Excellence and
Training Open Resource) program, a £10 million project and building aiming to change the
paradigm of clinical specialist and research training in Africa by combining these in-country
in Malawi. Stephen is now Professor of Global Respiratory Medicine at the University of
Edinburgh, and Director of Experimental Medicine at the Infection Innovation Consortium
in the Liverpool School of Tropical Medicine (iiCON). His work focuses on translational clin-
ical research and capacity building to realize global health impact.
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EVENT PREVIEW

World Vaccine Congress Europe

2025

Vaccine Insights 2025; 4(7), 235-236 - DOI: 10.18609/vac.2025.035

As part of our ongoing coverage of key events in the vaccines space, Vaccine Insights pres-
ents a preview of World Vaccine Congress Europe 2025, taking place on October 13-16,
in Amsterdam, the Netherlands. The conference will showcase the latest advances, tech-
nologies, and collaborative opportunities in the global vaccine industry. Readers of Vaccine
Insights can claim a 20% discount on delegate tickets (details at the end of the article).

RESEARCH & DEVELOPMENT

Innovation in vaccine platforms is a cen-
tral theme. Jeffrey Almond (University of
Oxford) will chair a pre-congress work-
shop on Platform Technlogies, which will
include a panel on next-generation modal-
ities, including self-amplifying RNA, cir-
cular RNA, and peptide-based vaccines,
with insights from Robbert van der Most
(Vaxxcellence), George Dakwar (CureVac),
Joanna Rejiman (Novo Nordisk Foundation
Initiative for Vaccines and Immunity) and
Rajeshwari Adhiseshan (Bill & Melinda
Gates Foundation).

In the main program, Mark Howarth
(University of Cambridge) will define and
discuss immunofocusing in the Immune

Profiling track, while Matt Higgins
(University of Oxford) will address com-
putational approaches immunofocusing
and antigen design in the Pre-Clinical
Development session.

CLINICAL DEVELOPMENT

Sessions on clinical development span trial
design, regulatory strategy, and real-world
evidence. Walter Straus (Moderna) opens
the Vaccine Safety pre-congress workshop,
featuring contributors including Ofer Levy
(Harvard), Marco Cavaleri (EMA), and
Emilie Karafillakis (Vaccine Confidence
Project).

Al-driven safety monitoring will be dis-
cussed by Miriam Sturkenboom (Vac4EU),
while the Clinical Trials track will fea-
ture Ingrid de Visser-Kamerling (CHDR)
on CHIM models, William Smith (AMR
Clinical) on recruitment, and Christine
Dalhke (CEPI) on correlates of protection.

In the Partnerships & Access track,
Kundai Chinyenze (IAVI), Maria Elena

www.insights.bio
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Bottazzi (Baylor College), Moy Bracken
(Access to Medicines Foundation) and
Dakshina Reddy (Bill & Melinda Gates
Foundation) will explore strengthening
local clinical trial partnerships.

PANDEMIC PREPAREDNESS &
PUBLIC HEALTH THREATS

The Biothreats & Disease X pre-congress
workshop, led by Joris Vandeputte (VacciM),
will feature Swati Gupta (IAVI) and Ruben
Rizzi (BioNTech) on pandemic-ready vac-
cine profiles.

A keynote panel moderated by Bassam
Hallis (UKHSA) will bring together experts
such as Wolfgang Phillip (European
Commission), Ivo Classen (EMA), Robb
Butler (WHO), Nikki Romanik (Brown
University), and Yap Boum (Africa CDC) to
discuss global health threats and response
strategies.

The Emerging & Infectious Diseases
track will include talks from Jerald Sadoff
(Centivax) on MERS-CoV, Bart Haagmans
(Erasmus MC) on Merbecoviruses, and
Kashmira Date (Pfizer) on diagnostics and
surveillance.

A dedicated track on the pressing issue
of antimicrobial resistance, chaired by Jan
Poolman, will highlight vaccine devel-
opment for drug-resistant infections. A
keynote panel on vaccines & AMR will
feature experts such as Timothy Cooke
(Omniose), Ed Buurman (CARB-X), Charlie
Weller (Wellcome), Rino Rappuoli (Scalvo
Association), Morwenna Carrington (UK

Health Security) and Jamie Findlow (Pfizer)
discuss how commitment can be turned
into practical action.

MANUFACTURING & SUPPLY
CHAINS

Martinus Cappelle (J&]) will chair a session
on innovative manufacturing technologies,
including VLP automation and RSV stabili-
zation. Zoltan Kis (University of Sheffield)
will present RNAbox, a continuous RNA
production platform.

The Supply & Logistics session will fea-
ture presentations on end-to-end vaccine
supply chains, with contributions from
from Giovanna Riggall (Unimed), Jack
Moss (UKHSA), And Christopher Green
(University of Birmingham).

SPECIAL POPULATIONS

In this session, Geert Leroux Roels
(University of Ghent) and Kristen
Maertens (University of Antwerp) will
examine gender-based reactogenicity
and maternal immunization. Elsewhere,
Chelsea McLean (J&] Innovative Medicine)
will share insights about immunogenicity
in pregnancy gained from J&J’s Ebola vac-
cine trial.

The closing keynote, moderated by
Britt van de Ven (HollandBio), features
Jerome Kim (IVI), Jennifer Moisi (Pfizer),
Jane Barratt (International Federation on
Ageing), and Melanie Saville (PATH) debat-
ing the future of adult vaccines.

Readers of Vaccine Insights can claim a 20% discount on delegate tickets—just use the
code VI20! You can find out more about the event

To learn about other events coming up in your field, you can find our online Events

Calendars

Vaccine Insights 2025; 4(7), 235-237 - DOI: 10.18609/vac.2025.035
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EVENT PREVIEW

Vaccine World Asia Congress 2025—
South East Asia

Vaccine Insights 2025; 4(7), 233-234 - DOI: 10.18609/vac.2025.034

Vaccine World Asia Congress 2025—South East Asia will take place on November 5-6, 2025
at the Amari Bangkok, Thailand. The congress aims to bring together leading scientists, pol-
icymakers, and industry stakeholders to address Southeast Asia’s most urgent vaccine chal-

lenges—from platform innovation to equitable distribution.

POLICY & REGIONAL
COLLABORATION

The congress will address multiple top-
ics including examining how political and
economic instability may affect immuni-
zation programs across Southeast Asia.
Nakorn Premsri (National Vaccine Institute,
Thailand) will lead a session on ASEAN
Vaccine Security and Self-Reliance, focus-
ing on regional manufacturing, supply chain
resilience, and sustainable vaccine access.

A leadership panel chaired by Nizam
Uddin Ahmed (Synesis Health) will explore
cross-border  collaboration, equitable
access, and budgetary strategies for vac-
cine rollout. Panelists will include Dr Mohd
Azlan bin Zaharudin (Ministry of Science,

www.insights.bio

Technology & Innovation, Malaysia) Luigi
Bonfatti (RVMC, Norway) and Fitriana
Rahmawati (PT Biofarma, Indonesia).

DISCOVERY & PRECLINICAL
DEVELOPMENT

The agenda will feature cutting-edge
research in malaria, leptospirosis, and Nipah
virus vaccines. Takafumi Tsuboi (Ehime
University) will present on wheat germ
cell-free systems for malaria vaccine can-
didate discovery. Kanitha Patarakul (Chula
Vaccine Research Center) and Jetsumon
Sattabongkot (Mahidol Vivax Research
Unit) will discuss mRNA platforms for lepto-
spirosis and Plasmodium vivax, respectively.
Pei Yin Lim (Hilleman Laboratories) will
share preclinical data on a circular RNA vac-
cine candidate for Nipah virus.

CLINICAL TRIALS & REAL-WORLD
DATA

A panel on clinical trial infrastructure
in Southeast Asia will address adaptive
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designs, population diversity, and reg-
ulatory harmonization. Edwin Simjaya
(PT Kalbe Farma) will highlight cyberse-
curity risks in digital trials, while sessions
on adaptive and decentralized trial mod-
els will explore innovations in trial speed,
retention, and data quality.

MANUFACTURING &
FORMULATION

Vipul Doshi (Zydus Lifesciences) will
lead a session on scaling vaccine pro-
duction from lab to commercial scale,
with emphasis on quality control and
tech transfer. A panel featuring Prashant
Chawla (Biological E Limited) will dis-
cuss formulation innovations, includ-
ing adjuvant technologies and stability
optimization.

NEXT-GENERATION VACCINE
PLATFORMS & DELIVERY
MECHANISMS

This program will include a special session
by Amaran Biotech covering the topic
Building the Future on a Solid Foundation:
How  Superior Adjuvants AB-801
Accelerate Vaccine Commercialization.

Other speakers include Petro Terblanche
(Afrigen Biologics) on mRNA vac-
cine development in LMICs, Waranyoo
Phoolcharoen (Baiya Phytopharm) on
plant-based biomanufacturing, and Seyed
Reza Banihashemi (Razi Institute) on respi-
ratory vaccine delivery systems, including
aerosol and nanoparticle technologies.

ENSURING ACCESS

Sessions will explore adult immunization,
vaccine hesitancy, and coverage in under-
served populations. Nirutti Pradubyati
(Pfizer) will present on preventive vaccines
for non-infectious diseases, including can-
cer and diabetes. A panel on vaccine safety
funding will address public trust and polit-
ical influences, while Badarulhisam Abdul
Rahman (Pharmaniaga) will discuss Halal
vaccine development.

Distribution sessions will cover cold
chain risks, last-mile delivery, and sup-
ply chain resilience, with insights from
Sebastian Chua (Supply Chain Asia).

The congress will conclude with a
panel on equitable vaccine distribution
during outbreaks, reflecting on lessons
from COVID-19 and future strategies for
global health preparedness.

Readers of Vaccine Insights can claim a 15% discount on delegate tickets—just reach

out to

!'You can find out more about the event

To learn about other events coming up in your field, you can find our online Events

Calendars

Vaccine Insights 2025; 4(7), 233-234 - DOI: 10.18609/vac.2025.034


mailto:rima.karan%40imapac.com?subject=
https://www.imapac.com/events/vaccine-world-asia-congress-2025-south-east-asia
https://www.insights.bio/Page/170

% VACCINE INSIGHTS

VACCINE CLINICAL UPDATE
EVENT PREVIEW

N
% BIOINSIGHTS

Biologics CDMO Europe 2025

Vaccine Insights 2025; 4(7), 219-220 - DOI: 10.18609/vac.2025.032

As part of our ongoing coverage of key gatherings in life sciences, Biolnsights presents a pre-
view of Biologics CDMO Europe 2025. Scheduled for November 19-20, 2025, in Munich,
Germany, this summit will unite up to 300 senior manufacturing and external supply-chain
experts from across Europe. Focusing on agile, tech-enabled biologics manufacturing,
regulatory alignment, and strategic CDMO partnerships, the agenda features off-the-
record case studies, executive roundtables, and deep-dive sessions.

OUTSOURCING STRATEGY AND
CDMO PARTNER EVALUATION

A strategic panel including Suyamburam
Sathasivam (Associate Vice President,
SUN PHARMA), Ulrich Riimenapp (Head
of Launch Preparation and Coordination,
Bayer), and Daniel Hurni (Former Director
of Manufacturing Network Strategy
and Business Intelligence, Bristol Myers
Squibb) will discuss outsourcing trends
toward 2030. Additionally, Christopher
Pawlak (External manufacturing Lead,
Bayer) will outline practical tools
for CDMO partner evaluation, while
Andreas Schaaf (Managing Director/
CSO, Eleva) will highlight innovations in

www.insights.bio

biomanufacturing technologies. Key ses-
sions will also explore risk allocation in
CDMO agreements and resilient partner-
ship models, setting a collaborative tone
for navigating Europe’s evolving biologics
landscape.

TECH TRANSFER AND GLOBAL
REGULATORY HARMONIZATION

The summit will also focus on tech
transfer and regulatory compliance for
advanced therapies. Christian Simon
(Head of Technical Transfer External
Manufacturing, Sanofi) will explore how
Al-driven predictive maintenance can
reduce downtime and improve equipment
performance. Jenny Prange (CTO, Muvon
Therapeutics) will present strategies for
navigating tech transfer in regenerative
therapies. Furthermore, a panel on global
regulatory harmonization will follow, fea-
turing Pavan Beleyur Narayanaswamy
(Head of CMC and Regulatory Affairs,
AATec Medical) and Eoin McGrath
(Executive Director, ICCBBA).
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COST OPTIMIZATION AND
EVOLVING CONTRACT MODELS

Ulrich Rimenapp (Head of Launch
Preparation and Coordination, Bayer) will
address strategic approaches to outsourc-
ing CMC development and manufacturing,
including IP protection and building effec-
tive CDMO partnerships. Giulio Cavalli
(Principal Lead, External Manufacturing,
Johnson & Johnson Innovative Medicine)

will share best practices for managing
cross-border tech transfers in a globalized
production landscape. The summit will also
include a panel discussion on the evolution
of contract models in biomanufacturing,
featuring Ralf Huss (Managing Director,
Biom Biotech Cluster) and Chris Baldwin
(Vice President, Manufacturing and Supply,
Resolution Therapeutics), who will explore
shifting trends and collaborative opportu-
nities in outsourcing agreements.

Biologics CDMO Europe 2025 will convene key stakeholders from across the biolog-
ics manufacturing landscape to address the most pressing challenges and innovations
shaping the industry, from evaluating CDMO capabilities and optimizing outsourcing
strategies to simplifying tech transfer and scaling single-use technologies.

As a reader of the Biolnsights journals, you're entitled to a 15% discount on delegate
tickets—just use the code CDMO-Insights! You can find out more about the Biologics

CDMO Europe 2025 events

To learn about other events coming up in your field, you can find our online Events

Calendars here:
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