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The manufacturing and commercialisation of vaccines to 
tackle COVID-19 took place at an unprecedented speed and on 
a scale never before seen in the pharmaceutical industry. Billions 
of doses of effective mRNA vaccines have now been delivered 
to patients around the world, and Billions more continue to be 
manufactured.

Overall vaccine spending in 2021 has been higher than any 
other year on record,1 and total cumulative expenditure for the 
COVID-19 vaccine is projected to reach $157 billion by 2025.2

The last 24 months have demonstrated the value of mRNA 
vaccine technology. Harnessing messenger RNA (mRNA) 
technology and commercial manufacturing partnerships, pharma 
companies were able to accelerate development and deliver an 
effective mRNA-based response to the virus. They have shown 
how the pharmaceutical development and manufacturing 
process can be taken to new levels of speed and efficiency, all 

The refinement of sterile manufacturing processes had a 
central part to play in enabling the pharmaceutical industry 
to successfully deliver billions of doses of COVID-19 vaccines 
to tackle the coronavirus pandemic. But, are there further 
efficiency savings that can be made to enable an even 
faster response in the future? Jon Reed, Head of Strategy, 
Recipharm argues “yes”. 

How do we Address Product Finishing and Dispensing 
Challenges for Future Pandemics?

while maintaining optimum levels of sterility required for vaccine 
production. 

In addition, they highlighted the importance of partnerships 
with contract development and manufacturing organisations 
(CDMOs). These outsourcing partners were able to provide 
ready-made sterile processing infrastructure for large-volume 
aseptic fill and finish of the vaccines. For example, with 
the help of their commercial partners, Moderna and Pfizer/
BioNTech have been able to deliver more than 4 billion doses to 
patients to date. The support of experienced sterile processing 
specialists with aseptic manufacturing capabilities was essential, 
providing pharmaceutical companies with immediate access 
to the infrastructure needed to develop mRNA vaccines and 
commercialise them successfully.

Nevertheless, the success of the COVID-19 vaccine roll-out 
does pose a challenge for pharma companies and their 
outsourcing partners when developing new vaccines and 
biopharma treatments for the next influenza or coronavirus 
outbreak. The general public, investors and other key 
stakeholders now have heightened expectations about what the 
industry can achieve and how quickly they can deliver. As such, 
there is pressure on pharma companies to achieve even greater 
speed and effectiveness next time. 

With this in mind, companies must reflect on what they got 
right and what went wrong during the vaccine drive over the 
past year to ensure they are well prepared for future wide-scale 
drug developments.
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Learning Lessons
The many advances the pharmaceutical industry made in its 
efforts to tackle coronavirus resulted in many difficult lessons. 
Nevertheless, this education has been invaluable, delivering 
a new development paradigm with better practices, new 
efficiencies and technologies. For Recipharm, the features of 
this new paradigm include:

• Capability must be flexible and adaptable
A crucial asset for any future large-volume sterile processing 
project is flexible and dynamic capacity. During the 
COVID-19 pandemic, existing sterile filling infrastructure 
had to be upgraded and changed over rapidly to support 
the filling of large vaccine batches. 

In addition, many new lines had to be constructed from the 
ground up to expand capacity. Recipharm worked with a supplier 
of prefabricated modular sterile production lines to deliver 
additional vaccine filling capacity at its site at Monts, France, 
within months instead of years, in order to support a COVID-19 
vaccine developer. 

Now that the intensity of COVID-19 vaccine production is 
diminishing, these lines – new and old – are being changed over 
to support new projects. Flexibility is crucial to enable the rapid 
and efficient transitioning of sterile filling lines to new projects 
during “normal” non-pandemic conditions. This can ensure the 
new infrastructure delivers value for the industry day-to-day, 
while also making sure required capacity is on hand in the event 
it is needed for a future outbreak. 

Case study: How Flexibility Turbocharged Vaccine 
Commercialisation
Having received both EU and FDA approvals for its COVID-19 
vaccine, a developer was poised to commercialise its mRNA 
vaccine candidate and to distribute it to global healthcare 
providers (HCPs) as quickly as possible. In keeping with 
contemporary drug development and commercialisation 
business models, the decision was made to outsource to 
Recipharm and two other external manufacturing partners to 
deliver the capabilities and capacity to fill and finish billions 
of doses of its vaccine before the end of 2021. 

As one of the two mRNA vaccine candidates approved to 
fight the current strain of COVID-19, this vaccine developer 
needed to commercialise its formula with minimal delay. 
Once engaged, Recipharm defined the capacity and 
capabilities it would need to fill, finish and package the 
vaccine, enabling it to meet the company’s ambitious 
commercialisation goals. 

Recipharm also had to work flexibly to overcome the 
temperature requirements – a maximum of 96 hours was 
allowed from the thawing of the drug substance to the 
final freezing of the drug product in secondary packaging. 
Exposing the formulation to room temperature conditions 
for longer than this period would impact stability and in turn 
efficacy of the vaccine. 

• Sterile filling infrastructure needs to handle a diversity of 
packaging
To support with flexibility, sterile filling capacity needs to 
be capable of handling a diverse array of primary packaging 
ranging from vials and ampoules to pre-filled syringes and 
cartridges for auto-injector devices. This is vital to enable 
sterile fill and finish infrastructure to be easily upgraded 
and changed over either to ramp up vaccine production in an 
outbreak situation, or to allow production of new injectable 
products in non-pandemic conditions. 

Digital automation and adaptable processing equipment 
can help achieve this diversity in the future, enabling CDMOs 
and other manufacturers to deliver sterile filling support to any 
project that needs it. 

Knowledge sharing of process performance is key
Another key lesson from the COVID-19 is the importance of 
collating and sharing insight into process best practice to support 
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companies in delivering high-quality vaccine doses as quickly 
and efficiently as possible. 

For each COVID vaccine, the product’s chemistry and 
formulation attributes had to be carefully evaluated, then 
optimised during manufacturing to minimise dead volume and 
to enhance the efficiency of process flows. 

These process enhancements offer benefits for future 
products, potentially optimising manufacturing efficiency – as 
such, we should consider sharing knowledge of COVID efficiency 
successes and apply learnings to new projects. 

Vaccine transport and storage considerations and other 
formulation challenges need to be factored in as early as 
possible
Many of the vaccines developed to tackle COVID-19 presented 
challenges for innovators with regard to their formulations, as 
well as the safe storage and transit of finished doses. Some early 
vaccines were difficult to formulate effectively and consistently 
at scale, impacting on manufacturing speed and efficiency. 

Adding to the complexity, several mRNA vaccines in particular 
had to be stored and shipped at temperatures as low as -80°C to 
ensure they arrived at clinics in top condition. Developing the 
required supply chain and infrastructure to enable this can be 
difficult even in mature economies such as Europe and North 
America. Doing the same for some emerging markets is an even 
greater challenge. 

As development of COVID-19 vaccines and boosters has 
continued, innovators have begun to address the cold-chain 
issue. Formulation innovation has taken place to allow vaccine 
doses to be stored at higher temperatures without degradation 
of performance. As such, they have not only streamlined the 
delivery of doses to mature markets, but have also made it easier 
to ship to emerging economies and remote geographic regions, 
helping increase access to vaccination for billions of people. 

These formulation advances should be taken into con- 
sideration by vaccine innovators. They can help to inform future 
vaccine development, potentially further improving the speed 
and efficiency of a vaccine roll-out in the event of a future 
pandemic.  

Case Study: Overcoming Cold-chain Transit Challenges
A leading US-based clinical-stage mRNA medicines 
company approached Recipharm in mid-2020 to support 
the manufacture of clinical trial supplies of a promising 
COVID-19 mRNA vaccine candidate for a Phase III trial.

Recipharm was asked to fill and finish 160,000 units of 
mRNA vaccine and prepared the finished drug product for 
distribution to clinical Phase III trial patients.

When the vaccine innovator presented the candidate 
for technology transfer, it was originally proposed as an 
end-to-end fill, finish, and packaging project to deliver a 
ready-to-administer sterile, liquid injectable for clinical trial. 

However, as an mRNA product, the vaccine candidate 
had cryogenic logistics and storage requirements that 
posed challenges when it came to its intended market – 
under-served populations with limited access to developed 
healthcare infrastructures. As such, a different formulation 
approach was needed. Lyophilisation was chosen to ease 
the complexities of distribution and extend, without freezer 
storage, the shelf-life of vaccines at the point of care. 

Developed in collaboration with the intellectual property 
(IP) owner, this innovation was a unique first in the history 
of mRNA vaccines. Being a vaccine intended to fight a 
current strain of COVID-19, keeping to strict timelines was 
of paramount importance. As such, there was little room for 
error, let alone a major change to the vaccine’s Target Product 
Profile (TPP), during technology transfer.

Complex formulation requirements also added to the 
programme’s technology transfer challenges. The original 
formulation called for manufactured lipid nanoparticles 
(LNP) to be combined in-train with mRNA from a third-party. 

Engaging internal technical transfer development experts 
as well as the resources of the entire biochemistry department 
Recipharm identified potential bottlenecks and arrived at a 
viable solution. Recipharm de-risked formulation processes 
and quickly integrated and optimised new LNP and mRNA 
combining processes. Chemistry, Manufacturing and Controls 
(CMC) filings quickly followed to validate the change to the 
original formulation during technology transfer.

Manufacturing and product handling must be super- 
efficient. Regardless of the batch size a manufacturer 
doesn’t have long from receiving the sterile product, filling, 
lyophilising, and finishing each dose before performing 
secondary packaging. For any external contractor that 
means maintaining strict storage temperature requirements 
throughout the course of the project.

To ensure the success of the vaccine programme, 
Recipharm fully engaged its broad range of technologies 
including advanced digital manufacturing management 
platforms, a diverse array of product and data analytics, and 
aseptic high-speed fill/finish and packing systems. On-site 
LnP mixing capabilities also proved effective. Ultimately, 
tight collaboration and experienced capabilities combined 
to deliver the finished drug product on time and in full. 
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Jon is the Head of Strategy and works within the sterile fill 
finish business  unit at Recipharm, one of the biggest CDMOs 
with in-depth knowledge of  sterile filling, oral solid dose, and 
drug delivery systems. 

Advances in Technology Boosting Sterile Filling Capacity and 
Performance
From the rise of biologic treatments requiring injectable delivery, 
to an increase in the popularity of ophthalmic administration, a 
number of megatrends in the pharmaceutical space have resulted 
in an increase in investment in sterile fill/finish capabilities. 
Nevertheless, sterile capacity can be demanding, complex and 
costly for pharmaceutical companies to install and operate 
themselves. 

As the COVID-19 pandemic demonstrated, sterile fill and finish 
capacity provided by outsourcing partners is vital to the flexibility 
and success of the pharmaceutical industry, providing essential 
infrastructure when and where it is needed. 

Recognising that human beings represent the most significant 
risk to contamination in an aseptic environment, there has been a 
growing focus on applying technology to remove people from the 
sterile manufacturing process almost entirely. Industry focus is 
also turning towards rapid microbiological methods due to their 
ability to streamline manufacturing and enhance environmental 
monitoring performance.

Modern sterile manufacturing facilities are designed to 
maintain a high degree of segregation between process steps 
and to minimise product exposure to the external environment. 
In support of this change, high levels of automation are being 
adopted to limit operator intervention and, as a result, reduce 
the potential for contamination. In addition, new regulations, 
such as the European Union’s (EU) GMP annex 1, are having a 
major effect on how the industry must approach processes on 
aseptic production lines.

Looking Ahead
The demand for aseptic manufacturing capacity is likely to 
remain high for the foreseeable future. New COVID-19 strains 
mean that boosters are going to be required to continue to 
protect vulnerable demographics. mRNA vaccines will be 
developed for influenza and other treatments. New non-vaccine 
biopharma treatments will also likely require sterile fill and 
finish. 
 

Whatever the nature of the sterile filling project, outsourcing 
these capabilities to expert partners still represents the most 
cost-effective and time-efficient option for even the most 
prominent pharmaceutical companies.
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