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A B S T R A C T

When the Covid-19 pandemic was declared by WHO, a team of vaccine manufacturers worked with the COVAX 
(COVID-19 Vaccine Global Access) Manufacturing SWAT (Support Work to Advance) team to propose regulatory 
agilities for accelerating access to vaccines. The cooperation and success demonstrated during the pandemic 
demonstrated the benefits of simplifying requirements and reliance. Vaccine developers, manufacturers, the 
Coalition for Epidemic Preparedness Innovations (CEPI), and other stakeholders have engaged in discussions to 
highlight the lessons learned from this experience and to find solutions to address those challenges. This paper 
discusses efforts to accelerate pandemic preparedness and reports a comparative assessment of early and later 
pandemic experiences from vaccine manufacturers. The lessons learned and the risk-based approaches were 
invaluable in bringing vaccines to patients. However, the shift from cooperative pandemic pathways to strict 
non-pandemic requirements can impact supply. Flexibility and reliance are still needed to ensure timely product 
availability. This article emphasizes the importance of continuing pandemic preparedness and acting on lessons 
learned.

1. Introduction

When the Covid-19 pandemic was declared by the World Health 
Organization (WHO), vaccine manufacturers worked with the COVAX 
Manufacturing SWAT team to propose regulatory agilities for acceler
ating vaccines access. Two papers were developed [1,2] outlining ways 
to achieve this. Over two years later, we examined the outcomes and the 
lessons learned.

Four main themes emerged from the previous papers: i) Reliance; ii) 
Science and Risk-Based Approaches; iii) Convergence and Harmoniza
tion; and iv) Digital solutions. These themes remain key for broader and 
more efficient global vaccines access through accelerated approvals, 
data flexibility during the initial filing, and a streamlined and consistent 
dossier.

This paper provides an overview of the actual progress resulting from 
discussions involving cross-company groups and the Coalition for 
Epidemic Preparedness (CEPI) [3].

2. Background and Scope

The COVID-19 pandemic has significantly impacted global health, 
economies, and society. Since its emergence in 2019, efforts to develop 
and distribute effective vaccines like Moderna, Pfizer-BioNTech and 
Novavax have been successful, with these vaccines receiving approvals 
from most all regulatory agencies in record time [4]. As a result, the 
Pfizer-BioNTech vaccine was granted full US Food and Drug Adminis
tration (USFDA) approval in August 2021 for people ages 16 and older. 
The Moderna vaccine was granted full USFDA approval for people 18 
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and older in January 2022. The Novavax COVID-19 vaccine was rec
ommended for conditional marketing authorization by the European 
Medicines Agency (EMA) to prevent COVID-19 in people from 18 years 
of age [5]. The Astra Zeneca [6] and Janssen vaccines were likewise 
approved in record time.

The pandemic highlighted the importance of regulatory conver
gence, reliance on stringent regulatory authority inspections, and digital 
solution to streamline vaccine development and approval process.

2.1. 100 days objective [7]

In June 2021 and in response to the global need for preparedness in 
the event of a future pandemic outbreak, the G7 countries set out a 100- 
day initiative to improve pandemic preparedness among member 
countries. In line with this, CEPI [8] have also initiated collaborations 
with regulatory agencies (mainly EMA and US FDA, as well as WHO) and 
industry partners to accelerate the development and distribution of 
COVID-19 vaccines. Several initiatives have been developed in response 
to the 100-days mission over the last couple of years; some can be 
grouped into the four main themes below.

2.2. Reliance [9], collaboration and flexibility

Recognizing the importance of maintaining the highest standards of 
quality and safety, innovative practices such as reliance on stringent 
regulatory authority inspections and virtual GMP inspections were 
adopted to navigate the restrictions imposed by the pandemic.

Reliance (as a defined regulatory process) was introduced effectively 
in the initial stages of the pandemic, with most countries relying on 
WHO and major regulatory agency emergency approvals. While hybrid 
inspections blended virtual and on-site inspections have been adopted to 
ensure the safety, quality, and efficacy of medical products have been 
also strengthened. This also paved the way for the use of reliance and 
recognition in authority batch release testing, aiming to reduce redun
dancy and expedite vaccine availability without compromising on safety 
standards.

2.3. Science and risk-based approaches

CEPI has played a critical role in funding the development of COVID- 
19 vaccines. CEPI launched its 2.0 strategy and 100-days mission in 
2021, to prioritize the development of platforms and templates for rapid 
response to emerging infectious diseases. In mid-2022, CEPI launched its 
process validation and comparability templates to streamline the regu
latory approval process for new vaccines and treatments. Furthermore, 
in May 2022, the Drug Information Association Therapeutic Innovation 
& Regulatory Science group (DIA TIRS) published a paper on optimizing 
post-approval change management to facilitate continuous supply of 
medicines and vaccines of high quality worldwide [10].

2.4. Convergence and harmonization

In response to the unprecedented global challenge posed by the 
pandemic, CEPI alongside WHO led a concerted effort to establish the 
Regulatory Advisory Group (RAG) under the COVAX initiative [11]. 
This group, embarked on a mission to streamline regulatory responses. 
Emphasizing risk-based validation approaches, the RAG advised vaccine 
developers on engaging multiple regulatory bodies simultaneously to 
facilitate a coordinated feedback mechanism, a testament to the global 
collaborative spirit fostered during those times. Furthermore, to address 
the logistical challenges of vaccine distribution, considerations around 
universal labeling and practical approaches to establishing shelf life 
were discussed, showcasing the regulatory agility and innovative 
thinking necessitated by the pandemic response.

The pharmaceutical industry in general and the vaccine developers 
in particular are witnessing significant efforts and collaborations 

towards regulatory reliance, convergence, and agility. The COVID-19 
pandemic has accelerated the need for faster and more harmonized 
regulatory processes to ensure timely access to safe and effective med
icines and vaccines.

One key theme that emerged during the pandemic is the importance 
of global regulatory convergence and harmonization, as well as reliance 
on trusted regulatory agencies and processes. Organizations such as the 
International Coalition of Medicines Regulatory Authorities (ICMRA) 
have launched initiatives such as Pharmaceutical Quality Knowledge 
Management System (PQKMS) to promote regulatory reliance and 
agility through the sharing of quality knowledge management systems 
[12]. The WHO technical series on mRNA vaccines [13] and the draft 
guideline on pandemic preparedness are critical resources for the 
accelerated development and assessment of COVID-19 vaccines and 
treatments [14] outline a strong baseline for future needs. The EMA 
Prime Toolkit [15], released in April 2022, aims to facilitate access to 
innovative medicines for patients with unmet medical needs. An over
view of COVID learnings was also published by the EMA [16] in a paper, 
highlighting the opportunity for the early and continuous engagement of 
vaccine developers with the regulators, the importance of increased 
international regulatory co-operation for Chemistry, Manufacturing & 
Controls (CMC)/Good Manufacturing Practices (GMP) during the 
pandemic and the importance of early investment in GMP for production 
and testing sites for vaccines.

The COVID-19 pandemic has also highlighted the importance of 
prior knowledge, manufacturing and testing platforms, templates, and 
master files in accelerating the development and approval of medical 
products in an emergency scenario.

2.5. Digital Solutions

Digitalization and integration of digital resources can help to ensure 
rapid dossier reviews, regulatory approval, and monitoring of adverse 
effects, as well as the collection of real-world efficacy data. These issues 
proved to be a major impediment during the pandemic and had a sig
nificant impact on the timelines for reviewing and approving vaccines 
and therapeutics. To address these, there is a growing emphasis on 
leveraging digital technologies to enhance regulatory agility and effi
ciency. The WHO exemplifies this by launching a repository for batch- 
release data and a cloud-based dossier. Ongoing explorations of cloud- 
based repositories, batch-release platforms, and master files aim to 
facilitate more agile and efficient regulatory processes. Non-profit or
ganizations like Accumulus Synergy [17] utilize cloud technology to 
foster information exchange within the life science regulatory 
ecosystem, seeking to establish an online pathway for near real-time 
data exchange throughout the drug development process. This collab
orative approach holds promise in accelerating access to medicines, 
ensuring compliance with privacy regulations, and promoting 
transparency.

3. Methods

To determine the impact of the work done to accelerate vaccine 
development and streamlining regulatory pathways [1,2], we worked 
with manufacturers who had developed COVID-19 vaccines. These 
manufacturers were broken up into two separate groups to investigate 
whether there were differences in experiences for manufacturers of the 
products licensed in the first wave versus the products that were licensed 
later. The first wave manufacturers (initial manufacturers) focused on 
the impact after licensure and when pandemic declaration ended. The 
second group (later manufacturers) looked across the entire process 
based on the fact there were already previously licensed products on the 
market.
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4. Results

Information was gathered and consolidated from four companies 
that licensed COVID-19 vaccines in 2021, and from two companies 
(working in partnership) in 2022.

4.1. Initial manufacturers

The initial manufactures contributed to the development of the 
regulatory strategy for the pandemic vaccines while most regulatory 
agencies exhibited international cooperation on a grand scale. The 
previous papers have noted [1,2] the approaches to accelerate vaccines 
to patients.

4.1.1. Post approval/commitment burden (stability studies for risk-based 
approach)

The international cooperation and the acceptance of regulatory tools 
and principles such as Post Approval Change Management Protocols 
(PACMPs), accelerated/modified validation and stability strategies, for 
the COVID-19 vaccines, led to the accelerated availability of a large 
number of doses. However, one of the drawbacks of this approach, was 
the number of post approval commitments that resulted from those 
strategies as well as variations required to maintain the supply chains 
and ensure completion of all aspects of product development. The 
overall post approval burden was larger than expected during the 
pandemic as there were frequent shortages of raw materials, addition of 
new manufacturing and testing sites to maintain supply, and the need 
for alternative container closures led to an increased number of varia
tions. During the pandemic, many Health Authorities helped alleviate 
this by agreeing to review post approval changes in a significantly 
reduced time frame.

While many Health Authorities were able to support a reduction of 
the post approval burden, for the accelerated and risk-based approaches, 
there was a requirement to demonstrate confirmation of the risk-based 
approach and full data sets had to be provided. This was accomplished 
frequently via post approval commitments and especially for stability 
data where risk-based approaches and modeling were often employed. 
As multiple sites were often needed to maintain supply, this in turn 
generated large numbers of stability studies that were required to be 
submitted to support PACMPs and other accelerated submission 
pathways.

Prior to the pandemic many markets would not accept risk based or 
stability modeling for a vaccine. The inclusion of these strategies did 
allow improving both vaccine access to eligible population and the 
speed of supply. The use of increased acceptance of comparability be
tween sites and not having to provide all possible site combinations for 
each specific sub-supplier provided further value and timeline re
ductions internationally.

4.1.2. Removal of pandemic support and return to standard timelines
In many regions the COVID-19 pandemic had been declared over and 

those Health Authority interactions and support returned to pre- 
pandemic levels and requirements. The return to standard timelines 
increased the difficulty for most initial manufacturers in maintaining the 
supply chain and ensuring flexibility. International markets can range 
from 1 to 24 months to approve a post approval change and the use of 
standard timelines and requirements added a layer of complexity in 
managing what vaccine stock is suitable for which markets.

Furthermore, switching from emergency use submissions to standard 
Marketing Applications also increased difficulties for initial manufac
turers. During the pandemic, many markets were flexible in terms of 
country specific documentation requirements, often using reliance and 
preventing delays of an additional 2–6 months for the initial submission. 
The use of reliance was invaluable in that scenario.

4.1.3. Health Authority testing requirements global
Furthering the difficulties is the requirements, for many Health Au

thorities, to perform specific batch release testing before releasing the 
vaccine lot to market. During the pandemic many Health Authorities 
employed reliance for batch release as advocated by WHO and COVAX, 
accepting batch release certification from other trusted Health Author
ities, saving considerable resources and time. This greatly simplified the 
logistics of already complex supply chains and improved speed and ac
cess to the vaccine. With the removal of pandemic support and a return 
to standard batch release testing, the burden was given back to the initial 
manufacturers to provide analytical samples and assay transfers as 
needed for markets to commence with testing.

4.2. Later manufacturers

Later manufacturers had opportunities to capitalize on the works of 
the COVAX Manufacturing SWAT and the RAG. Indeed, as mentioned in 
the first lessons learned publication [2], eight quality topics of concern 
had been brought to the regulator’s attention through company position 
papers. In this instance, adjuvanted sub-unit vaccines were developed 
which required a longer timeline compared to viral vector or mRNA 
vaccines but is useful for heterologous boosting and global supply. One 
of which, further discussed below, benefited from the initial reviewing 
regulatory agencies endeavors to implement risk-based approaches and 
prior knowledge considerations during their review:

4.2.1. Process Validation
The challenge highlighted was that a traditional process validation 

approach for new vaccine adds several additional months or even years 
to global technical development timelines. One accepted quality lever to 
avoid delays is decoupling active substance and finished product process 
validation. This approach is similarly considered by EMA Prime Toolbox 
Guidance [18] as a scientific tool to facilitate flexibility in the extent and 
type of process validation data required prior to approval.

4.2.2. COVID-19 variants
It was acknowledged that the fast emergence of multiple variants 

implies quick turnaround from the manufacturers to adapt the CMC 
strategy and for all regulatory agencies to review and approve the 
dossier. The acceptability of the seasonal Flu model to streamline prior 
knowledge and parental strain qualification works to accelerate the 
quality package availability to support COVID-19 strain changes (e.g., 
D614 to B.1.351) has been a key quality lever.

4.2.3. Stability
Real time stability data availability has been generally on the critical 

path for the regulatory submission and shelf-life claim. The use of kinetic 
predictive models to support shelf-life determination was a key lever to 
overtake this challenge. The platform approach was also considered 
acceptable by many regulatory agencies to streamline the in-use sta
bility studies.

4.2.4. Post-Approval Changes (PAC)
Post Approval Change Management Protocol (PACMP) has been 

widely used since the first marking authorization approvals and 
continuously applied by later manufacturers to manage PAC with reg
ulatory impact.

Global regulatory agencies openness have been instrumental in 
streamlining the quality package required to support COVID-19 vaccine 
regulatory dossiers approval. The opportunity for later manufacturers to 
continue benefiting of accelerated regulatory pathways to engage with 
agencies (e.g., Rapid Scientific Advices with EMA) was helpful to vali
date the CMC strategy within shorter review timelines before filing the 
Marketing Authorization Application (MAA). On some occasions, a 
rolling review process was accepted by regulatory agencies (such as 
EMA and US FDA) which contributed to save time for MAA procedure 
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because of the work done during the rolling review.
In contrast, later manufacturers have also experienced limitation in 

regulatory agencies willingness to implement risk-based approach 
related to the following topics:

4.2.5. Release Testing
For life saving therapies it has been recognized that applicants are 

facing challenges to complete data requirements during development of 
products in early access approaches (EMA/FDA 2018 PRIME/BT Quality 
workshop [19]). It was acknowledged by the USFDA and EMA during 
the control strategy workshop that expedited development programs 
can, at the time of approval, initially lead to a broader control strategy to 
mitigate the risks associated with limited product and process knowl
edge and revised when more knowledge is gained. Additionally, 
depending on the benefit/risk, it could still be acceptable to have wider 
specification limits than the levels exposed to patients in clinical trials. 
Yet during COVID-19 vaccine dossier submission, some reviewers 
highlighted that broader interim acceptance criteria than those deter
mined from the clinical batch values are not acceptable. While reliance 
on Pharmaceutical Quality System (PQS) to manage out of trend results 
is an important factor in the assessment of the overall control strategy 
allowing for broader release acceptance criteria, this risk-based 
approach was not accepted by some National Regulatory Agencies 
(NRA). This has resulted in significant impact and complexity for 
manufacturers to rework the internal release documentation ahead of 
the regulatory authority review and approval for a timely rapid vaccine 
dose availability. The consequences, considering the global regulatory 
strategy of submitting the regulatory dossier concomitantly in multiple 
countries, could have been to have different release specifications 
registered due to many local regulations disallowing updates during 
dossier review.

4.2.6. Comparability
Some NRA’s requested that comparability study acceptance criteria 

be statistically determined despite the limited numbers of batches 
available which hamper determination of meaningful limits/ ranges for 
comparability.

4.2.7. Packaging & Labelling
Later manufacturers witnessed the openness of some countries to 

accept electronic leaflets. Yet, this flexibility was not generalized across 
all countries leading to the implementation of country specific pack
aging and labelling, which prevented the simplification of world vaccine 
supply chains. It is also worth to mention that more flexibility around 
the artwork approval process would have been beneficial to anticipate 
packaging activities and secure early availability of vaccine doses. In a 
new pandemic situation, limited stability data would be expected at the 
time of submission/approval. Thus, the use of digital solutions to access 
to the most updated shelf life, instead of printed expiry dates on labels 
would be a huge simplification.

The EMA Prime Toolbox [18] Guidance issued in 2022, provided a 
very complete overview of an accelerated process for priority medicines. 
However, manufacturers encourage global NRA’s to be more forward 
looking regarding risk-taking approaches.

5. Discussion

The initial manufacturers saw allowance of PACMPS, accelerated/ 
modified validation, stability strategies (modeling) and commitments to 
provide full data at a later stage provided speed, while still requiring full 
data to support the risks and confirm the proposal in the dossier.

This worked especially well for stability data where risk-based ap
proaches and modeling were often employed and increased acceptance 
of comparability between sites as multiple sites were often needed to 
maintain supply.

Experience showed that PACs were reviewed in accelerated timelines 

and that significant efforts went into collaborations towards regulatory 
reliance, convergence and agility provided faster access of vaccines.

However, after the pandemic was declared over, there was still a 
need to supply vaccines to the population to address variants and disease 
burden. Unfortunately, there was an abrupt shift back to “normal” 
procedures which created a large workload that impacted supply and the 
rapidity to address emerging variants.

The later manufacturers also saw many of the benefits seen with the 
initial manufacturers. But they experienced less flexibility when it came 
to setting release specifications and comparability studies. This risked 
creating differing specifications depending on the acceptability of the 
justification of specifications. Also, applying pre-covid rules on compa
rability limited the ability to maintain or increase the supply to patients.

6. Conclusion

The lessons learned and the risk-based approaches have invaluable in 
bringing vaccines to the eligible population. However, the transition 
from cooperative pandemic pathways to very prescriptive non- 
pandemic requirements for the same “emergency” products can cause 
significant delays, impacting global supply. Flexibility is still needed to 
ensure product availability in a timely manner.

The cooperation and success demonstrated during the pandemic 
proved the ability to simplify requirements and the benefits of reliance. 
It is hoped that reliance testing will continue to increase as we move 
forward.

How do we normalize these accelerated pathways so that the lessons 
learned are not lost? The vaccine industry and regulatory authorities’ 
ecosystem must adapt; otherwise, the same challenges will arise when 
the next pandemic hits.

“Important note to the readers: This report summarizes and reflects 
the views of an international group of professionals, as discussed and 
elaborated in a given time point and context and does not necessarily 
represent the decisions or the stated policy of any institution or corpo
ration. This work is supported by IFPMA, Vaccines Europe, and CEPI.”
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