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Before the novel coronavirus pandemic, 
the vaccine sector had been deemed the 
“backwaters” of the biopharmaceutical 

industry. Now the space has surged, 
fueled by considerable funding and 

driven by promising new modalities. This 
BioProcess Insider eBook focuses on 

successful vaccines that emerged from 
the pandemic, describing how they 

arrived in the arms of billions of people 
and how they are spurring on a new 

movement in drug development using 
technologies based on nucleic acids.
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Amplify Your Viral 
Vaccine Production with 
CRISPR/Cas9-Engineered 
STAT1 or BAX KO Cells
Most viral vaccines and AAV vectors for gene therapy are 
manufactured in large-scale tissue culture systems using 
historical cell lines. ATCC is helping boost vaccine and gene 
therapy by using CRISPR/Cas9 gene editing to create 
improved versions of cell lines commonly used for viral 
manufacturing. These cells produce viruses at titers 10-fold 
higher than the corresponding parental cell line, which can 
significantly reduce costs associated with viral vaccine and 
gene therapy production.

Browse www.atcc.org/enhancedvirusproduction 
to learn more.

Credible leads to Incredible™

©2021 American Type Culture Collection. The ATCC trademark and trade name, and any other trademarks listed in this publi-
cation are trademarks owned by the American Type Culture Collection unless indicated otherwise.

These products are for laboratory use only. Not for human or diagnostic use. ATCC products may not be resold, modified for 
resale, used to provide commercial services or to manufacture commercial products without prior ATCC written approval.

https://www.atcc.org/bioproduction/cell-lines-for-enhanced-virus-production?utm_medium=online_display&utm_source=bpi&utm_campaign=bioproduction&utm_content=bpi_vaccines_ebook
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Return of the Vax
All Eyes Are on the Biopharmaceutical  
Industry’s Once-Stagnant Segment

Dan Stanton

T he quarterly BioProcess Insider eBook series launched in 
2021 to investigate specific modalities and business 
strategies driving the biopharmaceutical sector based upon 
trends and discussion points arising across our news pages. 

Two of the four quarterly publications — this one included — have 
focused on vaccines. If we had launched this series in 2019, cell 
and gene therapies might have warranted a double edition, or 
perhaps we would have focused on antibody fragments and 
bispecific antibodies. That is because five to 10 years before the 
novel coronavirus pandemic, investments in the vaccine sector had 
been limited, capacity expansions were rare, and the few new 
product approvals from that period went mostly under the radar (1). 
Vaccines were the “backwaters of the pharma industry,” as Rahul 
Singhvi (chief operating officer at Takeda Pharmaceuticals) 
explained at the February 2019 BioProcess International West 
Conference and Exhibition in Santa Clara, CA (2).

But the vaccine space has surged in response to the COVID-19 
pandemic, fueled by R&D and capacity funding and driven by new 
modalities. Our February 2021 eBook examined the impact of 
COVID-19, the pipeline of vaccines against it, and some of the 
manufacturing issues surrounding those candidates (1). This eBook 
focuses on the two most successful vaccines to have emerged: 
Pfizer–BioNTech’s Comirnaty and Moderna’s Spikevax products. We 
describe how they arrived in the arms of billions of people and 
how they are spurring on a new movement in the vaccine and 
healthcare spaces using mRNA technologies. We also highlight 
Inovio’s candidate DNA vaccine and revisit poignant vaccine-
related news stories to have graced the Insider’s pages over the 
past few months. Thanks for reading.

References
1 Vaccines: COVID-19 Invigorates a Stagnant Industry. BioProcess Insider 

(eBook), 18 February 2021; https://bioprocessintl.com/bioprocess-insider/global-
markets/ebook-covid-19-invigorates-a-stagnant-vaccine-industry. 

2 Vaccines the “Backwaters of the Pharma Industry” Due to Low Price 
Expectation. BioProcess Insider, 5 June 2019; https://bioprocessintl.com/
bioprocess-insider/global-markets/vaccines-the-backwaters-of-the-pharma-
industry-due-to-low-price-expectation. cc
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We’re expanding our Myford CGMP manufacturing facility.  
Follow along with the progress at avidbio.com

With nearly three decades of experience developing and manufacturing  
mammalian-based drug substances, our team is personally committed to 
your project success from beginning to end. In collaborating with us, we offer  
world-class customer service with the highest level of quality, from process  
development through commercialization.
 
We offer state-of-the-art facilities located in Orange County, California, utilizing  
the latest systems and technologies, quality processes, and platforms to  
ensure your project needs are met.   

Our team of experts provide these services for your biologics:
 CGMP Clinical & Commercial Drug Substance Manufacturing
 Process Development & Optimization
 Analytical Development, Qualification, & Validation

From Concept to Commercialization

Process  
Development

Analytical  
Services

cGMP  
Manufacturing
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The Moderna Era
The Past, Present, and Future  
of mRNA Vaccines

Millie Nelson

T he term messenger RNA (mRNA) entered common discourse 
only in the past year or so as Pfizer–BioNTech and Moderna 
released their respective COVID-19 vaccines (1, 2). Since 
then, mRNA technology has been thrust into the spotlight, 

and consensus suggests that it will not fade into the background 
anytime soon.

A Storied Past
Although the public health debut of mRNA vaccines can be 
considered as marking a new era in vaccinology, mRNA has been 
studied closely for 50 years. Massachusetts-based Moderna 
Therapeutics, best known for its break-through cell-free Spikevax 
vaccine, began its commercial journey in 2010 as ModeRNA (an 
abbreviation of “modified mRNA”). By 2015, the company had 
raised US$1 billion and shifted its focus to making vaccines (3). 

A year later, Moderna received $200 million to construct a 
vaccine manufacturing facility in Boston, MA (4). The company 
also initiated development work for cancer vaccines. The program 
began with studies combining Moderna’s vaccine technology with 
Merck’s Keytruda (pembrolizumab).

In 2017, the Financial Times reported that Moderna could be 
worth a staggering $5 billion (5), and in 2018, the company raised 
$604.3 million in an initial public offering (IPO), which gave it a 
market capitalization of more than $8 billion (6, 7). 

Fast forward two years, and Moderna had dived headfirst into 
the COVID-19 vaccine race (8). Its mRNA vaccine candidate quickly 
became one of the frontrunners, and the company began to partner 
with contract development and manufacturing organizations 
(CDMOs) such as Catalent, Lonza, and Laboratorios Farmacéuticos 
Rovi to support production activities (9–11). 

Present Concerns
In December 2020, the US Food and Drug Administration (FDA) 
issued an emergency use authorization (EUA) for the Spikevax 
vaccine (12). Now, Moderna projects production of three billion 
doses of the product by 2022 and has 37 other development 
programs in its pipeline, 22 of which have reached clinical studies 
(13). The company also is developing a second COVID-19 vaccine 
candidate that will be stable at refrigerator temperatures, making it 

“Software of Life”
Messenger ribonucleic acid (mRNA) is 
an RNA species produced by 
transcription that carries the code for a 
particular protein from nuclear DNA to 
a ribosome in the cytoplasm. 
Messenger RNA serves as a template 
for the formation of a protein. 
For that reason, Moderna Therapeutics 
defines mRNA as the “software of life.” 
The company’s website explains that 
“mRNA medicines are sets of 
instructions. And these instructions 
direct cells in the body to make 
proteins that prevent or fight disease. 
DNA (deoxyribonucleic acid) is a 
double-stranded molecule that stores 
the genetic instructions your body’s 
cells need to make proteins. Proteins, 
on the other hand, are the 
‘workhorses’ of the body. Nearly every 
function in the human body — both 
normal and disease-related — is 
carried out by one or many proteins. 
Without mRNA, your genetic code 
would never get used by your body. 
Proteins would never get made. And 
your body wouldn’t — actually couldn’t 
— perform its functions. Messenger 
RNA plays a vital role in human 
biology.”

Back to Contents
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New adenovirus vector manufacturing platform
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Adenoviral vectors purification procedure with 
monoliths
• Streamlined and robust process, from harvest to purified 

adenovirus
• Scalable chromatographic approach based on monolith 

chromatography to ensure safer product 
• Robustness of the process verified with different adherent 

and suspension cells at different cell densities, different MOI 
in batch and fed batch cultures

• Accompanying analytical tools in place

Capture (AEX) of Adenovirus using CIMmultus™ QA:
• High operational flow-rates enable virus of high concen-

tration and outstanding purity in very short time. High 
flowrates do not compromise virus integrity, capacity, or 
separation performance 

• Higher yields provided at lower manufacturing costs*
• In stock solution for vaccine manufacturing 

* Adenoviral Vector COVID-19 Vaccines: Process and Cost Analysis. Ferreira et al. Processes 2021, 9(8), 1430; https://doi.org/10.3390/pr9081430
* Simian adenovirus vector production for early-phase clinical trials: A simple method applicable to multiple serotypes and using entirely 
disposable product-  contact components. Fedosyuk et al. Vaccine. 2019 Nov 8; 37(47): 6951–6961; https://doi.org/10.1016/j.vaccine.2019.04.056
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Lysis, DNA reduction

Clarification, TFF

Capture step: AEX
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PATfix™ HPLC system with 
CIMac™ Adeno Analytical Column
Reliable & rapid high resolution  
in-process analytics for upstream and 
downstream applications

Lysis, DNA reduction (lysate)
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www.biaseparations.com
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easier to allocate and administer than the currently available 
product (14).

Clearly, mRNA technology is not an overnight success, but rather 
part of a lengthy development journey. Neal Gordon (managing 
director at life-science consultancy BDO) observed, “It would be 
misleading to say that mRNA came out of the blue and [that] no 
one was working on it prior to the pandemic.” Gordon attributed 
the rapid commercial development and success of mRNA-based 
drugs to “the tremendous amount of money that governments 
gave, which turned ideas into products.” 

However, speedy scale-up did not come without obstacles. 
Gordon asked, “How do you manufacture the quantities [of 
vaccines] that are needed to supply the world? Do we have access 
to all the raw materials and ingredients that go into preparation of 
the vaccines? Are those in good supply?” Regarding steady supply 
chains, “What the pandemic has shown is, no.”

The biopharmaceutical industry collectively seemed wary of raw-
material shortages as companies ramped up their manufacturing 
efforts for COVID-related products (15). For example, increased 
demand for single-use systems has launched concerns about 
supply shortages, and vendors have invested heavily to expand 
their production capacities. One such case is Pall’s January 2021 
announcement of a $114 million investment on the back of single-
use demand (16). Other vendors have followed suit.

Moderna expressed concerns with raw-material supply early this 
year (17). Speaking at the 39th Annual JP Morgan Healthcare 
Conference, held virtually in January, chief executive officer 
Stéphane Bancel highlighted how potential shortages of material 
could delay manufacturing despite Moderna’s attempts at 
“structuring the company to deliver a billion doses” to the public 
this year. Bancel explained, “Sometimes people confuse capacity 
and supply,” adding that “we have capacity to deliver a billion 
doses in fiscal year 2021” but that “the supply for material is tight, 
just because nobody was expecting this pandemic. Since last 
February [2020], we have worked closely with our key suppliers so 
that they could start investing to get up to capacity.”

Another challenge typically faced in a candidate’s journey to 
commercialization comes with recruiting patients for the clinical 
studies. Gordon explained, however, that “because of the 
awareness and the severity of the pandemic and the need to get 
these studies done, there was no shortage of [participants] to 
recruit” for COVID-related trials.

It would be naive to suggest that mRNA COVID-19 vaccines have 
not been met with resistance. On top of manufacturing and supply 
issues, social issues have come into play with antivaccination 
groups taking to the streets across the globe and with vaccine-
hesitant individuals influenced by social media and some news 
outlets. One factor behind such resistance is the rapid development 
and manufacturing scale-up of said vaccines. “This is a generic 
fear that is not necessarily tied to mRNA,” Gordon said.  



Why aren’t we making 
vaccines faster?

We still need 10 billion doses to give 
two shots to almost 5 billion people, 
excluding booster doses. But the 
Pharma industry is on target to 
produce only half this amount in 2021. 

How do we produce the vaccine both 
cost and time efficiently? 

Viral vector-based vaccines – 
e.g. Covid-19 vaccines Johnson 
& Johnson’s JNJ-78436735 and 
Oxford/AstraZeneca’s Vaxzevria - 
are expensive to manufacture with 
the current technologies. To ramp 
up production pharmaceutical 
companies could build new facilities, 
but it is more profitable and secure 
to use existing facilities even if that 
means making fewer doses.

This is not unique to vaccines. Viral 
vector-based gene therapies for 
cancers and diseases such as 
muscular dystrophy and arthritis, 
face similar manufacturing obstacles 
since they rely on the same 
manufacturing capabilities.

In both cases, a better designed 
production process can improve 
manufacturing capacity. 

A billion doses in a couple of 
months, from one facility?

While Covid-19 has been ravaging the 
world, agile CDMOs like Exothera, have 
been using modern development 
strategies to improve viral vector 
manufacturing for cell and gene 
therapies. Exothera’s holistic 
approach allows rapid development 
of robust and reproducible processes, 
which are easier to transfer to GMP 
manufacturing. 

Quality by Design methodology 
and state-of-the-art technology, 
allow manufacturing costs and 
time to be cut, while modern 
scalable bioreactors ensure highly 
concentrated batches of viral vectors, 
providing high yields. This means 
more doses per year from the same 
facility.  

Exothera is also applying the strategy 
to vaccines, making millions of doses 
using a fraction of the space of 
conventional production.

“In cell and gene therapy there is 
generally no immediate need to 
produce millions of doses. But there 
is a need to produce very large 
doses per patient. So conceptually 
the challenge around production 
capacity is the same,” said Thibault 

Jonckheere, CEO of Exothera.
That is what we are trying to solve 
with intelligent approaches to 
bioprocess development. By using 
our Process Design strategy, we 
estimate that with 5-10 bioreactors 
running in parallel, we could produce 
a billion doses of COVID vaccine in a 
few months, from a single facility.

The sooner we address the need 
for fast, effective development and 
manufacture of viral vectors, the 
sooner we can meet immediate 
Covid-19 vaccines demand but also 
SARS-CoV-2’s variants and new 
dangerous viruses. 

Do viral vector manufacturers have 
the answer to vaccinating the world?

Emilie Gateau
Platform Development Manager

ABOUT OUR EXPERT

To find out more about Exothera:
www.exothera.world

To contact us:
info@exothera.world

We are in a new phase of the Covid-19 pandemic. 
To date , 44.9% of the world population has 
received at least one dose with 6.2 billion doses 
administered. However, only 2.3% of people in 
low-income countries have received one dose. 
To win the race, everyone needs to be vaccinated 
and at current rates only half the world will be 
vaccinated by the end of 2021. Pharmaceutical 
companies are not set up to produce billions 
of doses in such a short time.  Viral vector 
manufacturers may have the answer!

> Exothera’s two state-of-the-art facilities are based on the Univercells campus

> Operators using a scale-X bioreactor in one of Exothera’s GMP rooms

Emilie has over 6 years CDMO 
experience designing bioprocesses 

adapted for large scale 
manufacturing and specializes in 

upstream process development using 
stirred tank and fixed-bed bioreactor. 

Emilie has been awarded a MSc in 
Bioengineering and biotechnology 

from Oniris engineering school 
(Nantes, France).

mailto:info@exothera.world
https://www.exothera.world/?utm_source=BPInsider&utm_medium=eBook&utm_campaign=VaxNov2021
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“I think it’s tied to anything that’s new, and for people who aren’t 
intimately familiar with the biology, [mRNA technology] certainly 
does appear to be completely new — and in some ways it is.” 

Gordon continued, “People legitimately have a right to question 
[the pace of COVID vaccine development]. ‘You told us — and we 
know — that it takes several years to develop a product for 
humans, whether that’s a therapy or a vaccine. How could this 
have been done so quickly?’” Gordon explained that some people 
will come to the conclusion that “there must have been short-cuts” 
to have enabled the speed. “When you dig into the details,” 
however, “that’s not true. There are a number of bottlenecks and 
developments. One of them has to do with developing 
manufacturing technologies and methodologies to [ensure 
production] at scale.”

Gordon explains that shortcuts were not taken, but the sheer 
amount of funding obtained meant that vaccine companies were 
able to develop their products at a much faster rate than has been 
done previously. “Our job is not to convince folks to get vaccinated, 
but I think an important consideration on an individual level is 
looking at the risk–reward [proposition]. The question is, what’s 
the risk of an mRNA vaccine — or any vaccine — relative to the risk 
of getting infected? From a strictly technical perspective, there are 
fewer risks associated with the use of mRNA than there are with 
gene therapy.” 

Figure 1: Number of prophylactic mRNA vaccine candidates in late-preclinical and clinical development, by company 
(pharmaprojects database, october 2021, citeline and informa pharma intelligence)
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www.gyrosproteintechnologies.com

Faster immunoassays increase productivity  
in vaccine production

Gyrolab, Gyroplex and Rexxip are registered trademarks and Gyros, Gyrolab xPlore, Bioaffy and Gyros logo are trademarks 
of Gyros Protein Technologies Group. All other trademarks are the property of their respective owners. Products and 
technologies from Gyros Protein Technologies are covered by one or more patents and/or proprietary intellectual property 
rights. All infringements are prohibited and will be prosecuted. Please contact Gyros Protein Technologies AB for further 
details. Products are for research use only. Not for use in diagnostic procedures. © Gyros Protein Technologies AB 2021.

It has been estimated that 70% of the time for production of a 
vaccine is dedicated to quality control (QC), which can easily become 
a bottleneck. COVID-19 has pushed the boundaries for how fast 
vaccines are developed and need for more streamlined and efficient 
vaccine production facilities has spurred the implementation of 
analytical platforms that can combine speed with maximum output 
and minimal effort. Immunoassays used to characterize critical 
to quality attributes (CQAs) such as titer and process-related 
impurities must handle a diverse and complex range of assays and 
sample matrices, and ensure high workflow efficiency in a regulated 
environment. 

Plate-based immunoassays have for long been the gold standard, 
but one of the Achilles heels is an up to 24 hour turnaround time 
to results. Increasingly tight project timelines are driving the search 
for automated analysis that can support increased throughput and 
reduce hands-on time. Faced with these challenges, a number 
of leading vaccine manufacturers have chosen the Gyrolab® 

miniaturized immunoassay technology to boost the efficiency of 
their vaccine R&D, bioprocess development and manufacturing. 
Their motivation to transitioning to the Gyrolab system can be 
illustrated with two examples:

Antigen titer – broadening the analytical range
Increasing the dynamic range of antigen or viral vector titer 
analysis during bioprocess development means spending less 
time on diluting samples to acquire in-range data and avoiding re-
analysis. This means using a system that provides high quality data 
over a broad analytical range made possible by the flow-through 
microfluidic column of the Gyrolab CD technology.

Robust measurement of process-related impurities 
Process-related impurities include generic or specific host cell 
proteins (HCPs) and additives such as endonucleases to digest DNA. 
Plate-based immunoassays often suffer from matrix interference that 
leads to poor dilutional linearity when analyzing the broad range 
of samples involved in a bioprocess workflow. Gyrolab overcomes 
these problems thanks to the short contact time in the column-
format. Moreover, the 5 CD Gyrolab xPand system supports five 
independent assays (such as titer and up to four different impurities) 
in one single automated run (Gyroplex® panel), increasing throughput 
and reducing hands-on time. 

A wide range of convenient ready-to-use kits and solutions and 
assay protocols for use in vaccine bioproduction are available:

• Titer (e.g. p24, AAV1-10 and human IgG)
• Host cell protein impurities (e.g. HEK 293, E.coli and CHO)
• Process-related impurities (e.g. EndonucleaseGTP®, Protein A 

and transferrin) 

Gyrolab provides many benefits to meet the demands  
in vaccine development and manufacturing:

• Automated workflows – reduced manual operations
• Broad dynamic range – over three logs
• Fast turnaround time – 96 data points in 75 minutes, 960 data 

points in a day
• Excellent data quality – high precision and good dilutional 

linearity
• Software designed for 21 CFR Part 11 compliance

In conclusion, to meet the need for increased productivity in vaccine 
development and manufacturing, fast and reproducible bioprocess 
analytics are of the essence. This has paved the way for more 
automated analytical solutions, such as the Gyrolab platform and 
ready-to-use kits, boosting throughput with faster, more accurate, 
and more reproducible QC. 

Learn more

https://www.gyrosproteintechnologies.com/?utm_source=BPInsider&utm_medium=eBook&utm_campaign=VaxNov2021
https://www.gyrosproteintechnologies.com/gyrolab-technology
https://www.gyrosproteintechnologies.com/gyrolab-technology
https://www.gyrosproteintechnologies.com/gyrolab-immunoassay-systems
https://www.gyrosproteintechnologies.com/gyrolab-cds-automated-immunoassays
https://www.gyrosproteintechnologies.com/gyrolab-xpand-automated-immunoassay-system
https://youtu.be/PbZTMxCKk9w
https://www.gyrosproteintechnologies.com/gyrolab-kits-and-solutions
https://www.gyrosproteintechnologies.com/gyrolab-assays
https://www.gyrosproteintechnologies.com/gyrolab-immunoassay-software-modules
https://www.gyrosproteintechnologies.com/immunoassays-to-support-vaccine-rd-and-process-development
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Vaccine Futures
Along with the Pfizer–BioNTech 
Comirnaty vaccine, which 
received EUA for adults in 
December 2020, Moderna’s 
Spikevax product has helped to 
validate the concept of mRNA 
technology (1). In turn, many 
companies have invested in 
mRNA because the gamble isn’t 
so large for them. 

Recent examples of companies 
bolstering their mRNA 
capabilities include Sanofi, 
which acquired Translate Bio in 
August 2021 for a total equity 
value of about $3.2 billion. The 
French pharmaceutical giant also continues to invest $475 million 
annually into what it describes as an “mRNA Center of Excellence” 
to accelerate research and development of next-generation vaccines 
(18, 19).

Seqirus, known in the influenza space through its portfolio of 
both egg- and cell-based products, stepped up its efforts to develop 
a flu vaccine based on mRNA this past August (20). The company 
said that it planned to build large-scale manufacturing capacity to 
support production of self-amplifying messenger RNA (sa-mRNA). 

In the same month, Ginkgo Bioworks announced that its 
partnership with Aldevron, formed earlier in 2021, had led to an 
mRNA breakthrough, with its new manufacturing approach 
proving to be 10× more efficient than its previous process (21). 
Patrick Boyle (head of Ginkgo’s Codebase portfolio of reusable 
biological assets) said, “Although the most obvious use of mRNA 
production is currently to fight COVID-19,” Ginkgo wants to focus 
on providing a “broad platform for the entire industry.” Boyle 
added, “Time will tell what the demand for particular types of 
mRNA components looks like, but I’m hopeful that this technology 
will enable the broader distribution of these types of vaccines.”

Figures 1 and 2, provided by Pharma Intelligence (part of 
Informa), show that 49 mRNA prophylactic vaccine candidates 
remain in clinical development. Moderna leads all other companies 
with 13 clinically active candidates. 

Although mRNA vaccines have earned validation through the 
success of currently available COVID-19 injections, the future of 
mRNA vaccines goes beyond the coronavirus pandemic. With an 
abundance of funding and companies bolstering their mRNA 
capabilities across the globe, the modality’s future looks bright. “It 
is absolutely here to stay,” Gordon said. “I like to think of it as any 
other kind of platform technology. It doesn’t belong to one 
company; it’s a fundamental aspect of biology.” 

Figure 2: Number of prophylactic mRNA vaccine candidates that have reached or 
exceeded clinical development, by drug-development stage (source: 
pharmaprojects database, october 2021, citeline and informa pharma intelligence)
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Virus Purification for Vaccine Development

Welcome to JNC formerly known as CHISSO and   
distributed by Millipore under the MATREX brand name.

• We have been a supplier of a wide range of cellulose-based   
 resins under the Cellufine family name for at least 25 years.  
 https://www.jnc-corp.co.jp/fine/en/cellufine/grade

• Our resins are manufactured under stringent ISO 9001    
 certification to support their use in big pharma.

• Our resins are widely used for high performance     
 chromatography and large-scale bioprocessing.

We have a family of unique pseudo affinity resins that  
are widely used for purification of whole virus particles 
used to make a wide range of vaccines. 

Please see further information about our Purification   
of Human Coronavirus hOC43 with Cellufine Sulfate:  

We have a wide range of  
products available at our  
on-line web shop
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How Research from 
the ’70s, ’80s, and ’90s 
Drove mRNA Vaccine 
Development
Gareth Macdonald

P fizer and BioNTech’s vaccine against the SARS-CoV-2 novel 
coronavirus entered first-in-human clinical trials in 
Germany in April 2020, just months after the sequence of 
the pathogen’s spike protein was published (1, 2). The 

vaccine was cleared for emergency use in late 2020 and has since 
been approved formally by several regulatory agencies worldwide 
(3). For example, the US Food and Drug Administration (FDA) 
approved the Comirnaty product in August 2021 (4). Although the 
vaccine took less than a year to develop, the science underpinning 
it and all other mRNA-based vaccines represents 50 years of 
collective research and development (R&D).

Foundational Research
Katalin Karikó (senior vice president at BioNTech) has been 
credited as one of the heroes of the fight against COVID-19 (5). 
During the September 2021 BioProcess International Conference 
and Exhibition in Boston, MA, she told delegates that the 
pioneering oligonucleotide and lipid research carried out in the 
1970s would shape the mRNA vaccine sector for years to come.

She explained, “In the mid-70s, researchers used lipids to deliver 
messenger RNA . . . isolated from rabbit reticulocytes . . . to 
mammalian cells.” Those experiments “demonstrated that mRNA 
delivered to mammalian cells could be translated and that the 
protein could be detected.” However, “Scientists forget to cite two 
papers published back to back in Nature (6, 7) and think that RNA 
therapy started in ’89. No, it started in ’78.”

Karikó also cited Furuichi, Muthukrishnan, and Shatkin’s 1975 
discovery of the mRNA cap — a stability-determining structure at 
the end of an mRNA molecule — as another foundation for the 
development of mRNA vaccines (8).

Synthesis
The Comirnaty vaccine’s active component is an mRNA molecule 
that encodes the spike protein of the SARS-CoV-2 virus. When 
expressed by cells, the protein primes the immune system against 
the virus. Karikó said that the ability to make RNA molecules at 
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commercial scale in less than two years is based on breakthroughs 
achieved in the early 1980s. 

One advancement occurred in 1984, when Melton and Krieg 
showed that mRNA could be synthesized from plasmid DNA (9). 
According to Karikó, their breakthrough was the discovery that 
bacteriophage SP6 could be used to produce microgram quantities 
of eukaryotic mRNAs. “They inserted interferon encoding 
sequences into a plasmid, and they generated messenger RNA.” 
Using a capping enzyme, the researchers found that “the generated 
RNA had kept the major structure 5′, 3′ UTR [untranslated region], 
and coding segments.” Melton and Krieg’s team injected that 
material into frog oocytes, then cultured them overnight. “The 
medium they tested contained human interferon, and it was 
functional; it inhibited the viral proliferation. So this was the 
beginning, and it was a major advancement.”

Another important development, Karikó explained, occurred in 
1990, when researchers discovered that injection of mRNA into an 
animal subject could generate detectable levels of encoded protein 
(10). “This was an experiment described in Science in which mice 
were injected with messenger RNA coding for luciferase.” The 
results were “great news” that “gave so many people hope that 
they can use messenger RNA for therapy.” Development work on 
the first mRNA-based vaccines began in 1993 (11).

Delivery
The other major component of the Comirnaty vaccine is a vector 
that encapsulates mRNA and facilitates its entry into a target cell. 
The vector comprises an ionizable cationic lipid, a PEGylated lipid, 
cholesterol, and phospholipid distearoylphosphatidylcholine 
(DSPC). This vector technology, which is similar to that used in 
Moderna’s Spikevax product, also is based on science that evolved 
over several decades (12). 

Karikó said that the initial challenge was finding a way to 
protect mRNA molecules. “Delivering the nucleic acid is not 
simple,” and then-available methods such as calcium phosphate 
coprecipitation “were just not feasible to use for humans.”

The mRNA Legacy
Breakthroughs in mRNA technology have been vital in mitigating 
COVID-19. Already 800 million doses of mRNA-based vaccines have 
been delivered worldwide. Indications are that the mRNA sector 
will continue to grow as a result of pioneering science carried out 
over the past half century. Karikó cited Moderna and AstraZeneca’s 
work on using mRNA therapeutics to treat heart disease (13).
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Scalability and 
Homogeneity Drive  
a “Coming of Age”  
for DNA Vaccines
Gareth Macdonald

B ased on a DNA plasmid, INO-4800 is biotechnology 
company Inovio’s candidate vaccine against COVID-19. The 
product is administered through intradermal injection. 
Plasmids are delivered to cells by an electroporation step 

using a proprietary smart device. In August 2021, Inovio received 
regulatory approval to conduct phase 3 clinical trials for the product 
in Brazil and Mexico (1, 2).

With several COVID-19 vaccines based on mRNA and viral vectors 
already in global circulation, INO-4800 could be deemed as “late to 
the party.” But according to Inovio’s chief executive officer, Joseph 
Kim, that candidate and other DNA vaccines offer significant 
advantages from a manufacturing perspective. He told attendees of 
the September 2021 Cantor Fitzgerald Global Healthcare Conference, 
“Don’t get me wrong. I think that mRNA vaccines as a platform — 
and Pfizer and Moderna — have done a fantastic job, and we thank 
them collectively for the demonstration of how important their 
vaccines can be against this pandemic.” However, “I’m certain that 
the time for DNA vaccines to [assume] similar importance against 
this pandemic is coming, and I’m so happy that Inovio is leading 
these efforts for the ‘coming of age’ for DNA vaccines.”

Specifically, Kim cited the relative ease of production and — 
more important — scale-up of INO-4800 using bioreactors to grow 
the requisite plasmid in pharmaceutical-grade Escherichia coli. He 
explained, “You can increase the size of the bioreactors. You can 
increase the size of the purification train. You also can run them in 
shifts . . . You can really scale the yields coming out of a facility.” 

INO-4800 holds a storage advantage over other vaccine types 
because it can remain stable at 37 °C for more than a month, at room 
temperature for more than a year, and for a projected five years at 
normal refrigeration temperature. Kim said, “We don’t have to freeze 
our vaccines. In transportation, you don’t have to worry about deep-
freezing conditions on a plane or train or automobile.” INO-4800 
also shows promise “at the distribution level. Some developing 
regions just don’t have the capacity to [handle] some of the mRNA 
vaccine requirements for storage and transportation. That’s where 
DNA vaccines excel in a relative sense.”
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Characterization
Beyond scale-up and storage, DNA vaccines could raise 
characterization advantages, especially over protein-based COVID 
vaccines that companies such as Novavax and Sanofi are 
developing. Kim told attendees, “We can characterize down to a 
nucleotide level, so it’s almost like a chemical product that sits in 
the biological space . . . You can’t say [the same for] recombinant-
protein vaccines; you can’t say that with viral vector vaccines 
because viruses [become] slightly different each time you make 
them.” 

That capability enables Inovio to use different manufacturers 
globally to support scale-up and potential rollout. Kim explained, 
“Whether we make [INO-4800] in Germany, California, India, or 
China, they all have the same quality and characterization. That’s a 
huge advantage when it comes to biomanufacturing.” In the United 
States, Inovio works with Thermo Fisher Scientific to manufacture its 
plasmids, whereas in Europe, the company has reached agreements 
with Kaneka Eurogentec and Richter-Helm (3, 4). In China, Inovio 
has a partnership with Advaccine, which is increasing its 
manufacturing scale to deliver vaccines within that region (5).

Inovio expects the first interim readout from its phase 3 clinical 
trials to come in the first quarter of 2022. If those are successful, the 
company plans to apply for emergency use authorization through the 
World Health Organization pathway. With a full data set in hand, 
Inovio intends to file in Europe and the United States in 2023.
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The Science and 
ScruTiny of 
COVID-19 Vaccine 
Development
Gareth Macdonald

D uring the September 2021 BioProcess International East 
Hybrid Conference and Exhibition, Jeff Baker (former 
deputy director of the Office of Biotechnology Products in 
the Food and Drug Administration Center for Drug 

Evaluation and Research) observed that the COVID-19 pandemic 
highlighted the biotechnology industry’s strengths and weaknesses.

He explained, “A lot of books will be written about the COVID-19 
crisis and response. A lot of them will be critical — and I hope they 
are, because that’s how we learn and we get ready [for] next time.” 
That said, “I hope there are a few [pieces] written about the almost 
organic uprising of the biotechnology community to address this 
global challenge. I have never seen more transparency, cooperation, 
collegial participation, and common cause than I saw among the 
scientists, engineers, and project managers of the biotechnology 
community” throughout the pandemic. Baker added that industry’s 
ability to develop several COVID-19 vaccines in a year helped to 
validate the sector. “We science-ed the crap out of it. And I hope that 
you’ll be able to tell your kids about that with pride.”

Stresses
Demand for COVID-19 vaccines and therapies quickly gave way to 
questions about their production. Baker cited the world’s sudden 
focus on chemistry, manufacturing, and controls (CMC). “Not only 
was CMC in the critical path, but it was on the front page of The 
Washington Post. CMC was on Fox News.” Baker noted that “we never 
want to be there” in the media spotlight. “That put a lot of tension 
into what was going on. The science didn’t change. The engineering 
didn’t change. The scrutiny changed. And that put a lot of stress 
upon our system.” The pandemic also highlighted the need for better 
supply-chain management and for flexible managers. “Hunting, 
praying, scavenging, and waiting did not position us for success in 
managing profoundly disrupted supply chains.”

Editor’s Note: This article first appeared in BioProcess Insider on 
11 October 2021 at https://bioprocessintl.com/bioprocess-insider/
global-markets/how-biopharma-dealt-with-covid-we-science-ed-the-
crap-out-of-it. cc
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Boosters and Beyond
CDMOs Are Likely to Continue  
Riding the COVID-19 Wave

Dan Stanton

M any parts of the biopharmaceutical industry have 
benefited from a COVID-19 windfall. The contract 
development and manufacturing organization (CDMO) 
sector is one such group, with both drug-substance and 

drug-product capacity proving to be critical amid the rapid scale-up 
of several vaccine and therapeutic products. As early as April 2020, 
CDMOs such as Lonza and Thermo Fisher were describing 
“unprecedented” — remember that word? — numbers of inquiries for 
services to support vaccine and therapy manufacturing (1). Since 
then, both companies have secured major contracts with some of the 
main vaccine players: Lonza is producing upwards of 400 million 
doses of Moderna’s vaccine, and Thermo Fisher is performing fill–
finish for both the Moderna and Pfizer products (2–4).

Those are just two examples. Catalent has announced 80 COVID-
related contracts with customers, including Johnson & Johnson 
(J&J) and Moderna (5, 6); Fujifilm Diosynth Biotechnologies is 
supporting Novavax’s vaccine candidate and Eli Lilly’s antibody 
cocktail for COVID-19 (7); and Emergent BioSolutions has signed a 
handful of contracts, with both AstraZeneca’s and J&J’s vaccines on 
the roster. Smaller CDMOs also have found their capacity snatched 
up: Laboratorios Farmacéuticos Rovi’s production of the Moderna 
vaccine, Rentschler’s support for the Pfizer vaccine . . . the list is 
extensive (8).

A Second Windfall?
The robust CDMO space is set to receive a second COVID-19 lift, 
with multiple regions seeking to administer booster shots and roll 
out vaccines to children. A September 2021 report from data and 
analytics company GlobalData entitled “COVID-19: Contract 
Pharmaceutical Development and Manufacturing Relationships” 
suggests that coming changes will raise manufacturing demand 
above the billions of doses that already have been contracted, 
causing biopharmaceutical companies to turn again to CDMOs for 
capacity (9).

Fiona Barry (associate editor of GlobalData PharmSource) told 
BioProcess Insider that even if new vaccine production 
requirements replace the capacity already used to inoculate 
significant swathes of the world’s population, then billions more 
doses still will be required over the next few years. According to 
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GlobalData research, “2.7 billion people worldwide have been fully 
vaccinated (not counting the latest round of booster shots).” That 
leaves “five billion people who have not yet received their [final] 
doses,” Barry said, stressing that the world has an obligation to 
vaccinate people living in countries with low- and middle-income 
economies. She continued, “Manufacturing capacity is clearly still 
constrained. The World Health Organization has called for a 
moratorium on booster shots until at least the end of the year, so 
that at least 40% of the population of low-income countries can be 
vaccinated.”

Barry predicted that with more than 1,000 vaccines and 
therapies in development for COVID-19, roughly 30 of which have 
been approved or granted emergency use authorization, 
biopharmaceutical companies are likely to increase the scope of 
existing contracts and create new ones with CDMOs.

Beyond the COVID-19 Pandemic
Barry dismissed the threat of overcapacity leaving the CDMO sector 
vulnerable once the pandemic subsides. “It’s not clear that the need 
for COVID-19 jabs will disappear in the near future. It is possible that 
the booster doses being rolled out now will not be the last; if future 
data support a regular, seasonal immunization program,” like what 
is in place for annual influenza vaccines, then such a program 
would “increase manufacturing demand further.” She cited Albert 
Bourla (chief executive officer of Pfizer), who has said that a 
coronavirus variant that resists current vaccines is likely to emerge 
eventually, which would lead to changes in formulations and new 
rounds of shots (10). Cases of “long COVID” also could stimulate 
growth in demand for CDMOs specializing in inhalational products. 
Many COVID-19 survivors suffer from long-term decreases in lung 
capacity.

“But if we’re optimistic about how fast we can end the 
pandemic,” Barry observed, “there’s still an opportunity to use 
newly created capacity to make other products.” She expressed 
excitement about “possibilities for mRNA’s use in oncology now 
that it has been used successfully in Pfizer and Moderna’s 
vaccines. More generally, many high-tech facilities currently 
making vaccines could switch later to cell and gene therapies. 
There is a huge lack of capacity in that area, and we expect to see 
a surge in advanced therapy approvals in the next few years based 
on late-stage clinical pipelines.”

Further opportunities for CDMOs could come on the heels of US 
President Joe Biden’s plans to prepare the country for vaccine 
manufacture during future pandemics. Barry explained, “The 
administration is pumping billions of dollars into ‘hot’ 
manufacturing capacity that can be used on standard . . . and 
cancer vaccines during normal times and redirected to specific 
diseases during pandemics.”

Editor’s Note: This article first appeared in BioProcess Insider on  
8 October 2021 at https://bioprocessintl.com/bioprocess-insider/

Back to Contents

But if we’re optimistic 
about how fast we can 
end the [COVID-19] 
pandemic, there’s still an 
opportunity to use newly 
created capacity to make 
OTHER 
PRODUCTS.

—F. Barry

https://bioprocessintl.com/bioprocess-insider/global-markets/boosters-and-beyond-cdmos-likely-to-continue-to-ride-covid-19-wave


26       BioProcess International       19(11)e1       November 2021       E-Book
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ride-covid-19-wave.
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Seqirus Looks to  
Next-Generation 
mRNA Technology for 
Seasonal Flu Vaccines
Dan Stanton

A ustralian company Seqirus has long played a leading role 
in the seasonal influenza space with its portfolio of both 
egg- and cell-based vaccines. Now the company is stepping 
up its efforts to develop a flu vaccine based on mRNA, 

launching a dedicated program to support development of its next-
generation self-amplifying mRNA (sa-mRNA) platform with plans to 
scale up manufacturing capabilities.

Roberta Duncan (vice president and mRNA program lead at 
Seqirus) told BioProcess Insider, “Across our global manufacturing 
network, Seqirus is expanding its capabilities to support increased 
supply of new and existing technologies.” Duncan described the 
company’s plans to boost sa-mRNA production as “an incremental 
addition to our current manufacturing network. We are currently 
considering a number of global locations to establish scaled 
manufacturing capabilities for our sa-mRNA platform technology. 
Additionally, at our sites across the United States, United Kingdom, 
and Australia, we are working to implement new programs to 
support sa-mRNA vaccine development and manufacturing 
specifically.”

Investment specifics were not divulged, but both Seqirus and its 
parent company CSL are committed to advancing the technology. 
Duncan added that Seqirus is “well positioned to make strategic 
investments to accelerate [its] development.”

Next-Generation mRNA Technology
Although news from companies such as Seqirus has accelerated 
the biopharmaceutical industry’s research into mRNA vaccines for 
non-COVID conditions, Duncan said that her company has been 
researching the technology’s viability for influenza vaccines for 
several years. “Seqirus is undertaking preclinical work on an 
sa-mRNA–based flu vaccine, with plans to initiate human clinical 
trials in the second half of 2022.” When asked about how sa-mRNA 
vaccines differ from currently available mRNA-based technologies, 
Duncan explained, “Traditional mRNA vaccines help protect 
against infectious diseases by giving instructions to cells in the 
body to make a protein, stimulating the immune response and 
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leaving a blueprint to recognize and fight future infection.” A 
product based on sa-mRNA “also gives the body instructions to 
replicate mRNA, amplifying the amount of protein made with the 
potential to use less antigen. In preclinical research, sa-mRNA 
technology demonstrated the potential to raise stronger cellular 
responses and generate significantly higher antibody titers at the 
same dose level as [standard mRNA vaccines].”

Multiple Approaches
Although Seqirus is turning toward sa-mRNA for future seasonal 
vaccines, Duncan said that the company will not replace 
technologies and products that have reached development or 
commercial stages. “We will continue to invest in our new 
technologies as well as our existing technologies — egg, cell, and 
adjuvant — to provide effective protection against influenza. We 
foresee multiple technologies coexisting.” All those technologies 
“have demonstrated the ability to protect against influenza, and we 
see sa-mRNA as an important potential addition to our portfolio” 
rather than a wholesale replacement.

Editor’s Note: This article first appeared in BioProcess Insider on 
31 August 2021 at https://bioprocessintl.com/bioprocess-insider/
therapeutic-class/seqirus-looks-to-next-gen-mrna-for-seasonal-flu-
vaccine. cc
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In preclinical research, 
self-amplifying mRNA 
technology demonstrated 
the potential to raise 
STRONGER cellular 
responses and generate 
significantly HIGHER 
antibody titers at the 
same dose level as 
[standard mRNA 
vaccines].

—R. Duncan
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