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From the Editor

Smart, accurate, 
science-based 

messaging  
is needed 

 to advance  
bio/pharma 

 science.

Rita Peters is  
the editorial director of  
BioPharm International.

Avoiding Unforced Errors

A lesson of the COVID-19 pandemic is the need for accurate, unbiased, science-based 
evidence to support public and personal health decisions. As a society, we sometimes 
have a difficult time embracing this concept. Too often, announcements—both good 

and bad—about diagnostic testing, the spread of the virus, and the development and manufac-
turing of vaccines were packaged to meet specific messaging agendas by biopharma companies, 
policymakers, and the media. 

For years, drug companies routinely released press announcements to industry and investor 
communities about the status of drug candidates in advance of peer or regulatory review. The 
intense public interest in the progress of COVID-19 vaccine candidates placed these announce-
ments in the spotlight, with some negative consequences. 

The data and safety monitoring board (DSMB) overseeing AstraZeneca’s COVID-19 vaccine 
candidate raised an alarm that the company’s March 22, 2021 press release (1) reporting initial 
data from a Phase III clinical trial included outdated efficacy data. The National Institute of 
Allergy and Infectious Diseases (NIAID) urged the company “to work with the DSMB to review 
the efficacy data and ensure the most accurate, up-to-date efficacy data be made public as quickly 
as possible” (2). AstraZeneca released updated data on March 25, 2021 (3).

In a March 23, 2021 interview with ABC News, Anthony Fauci, NIAID director, noted that 
the AstraZeneca candidate “is likely a very good vaccine”, but the inaccurate information in the 
press release was outdated and a bit misleading; Fauci characterized the confusing press statements 
as “an unforced error” (4).

DON’T MIX THE MESSAGES
A science-by-press-release approach, with its dangerous and embarrassing implications, is 
unfortunately making its way to the business and scientific press. The editors of BioPharm 
International have noticed a new, disturbing trend: an influx of press announcements, articles, 
and commentary from drug companies and industry suppliers that have little to no objective, 
scientific, or technical value for readers. We’ve received pitches about obscure products with no 
application for drug development, quotes from executives that extoll the virtues of their busi-
ness, and promises for technical articles that turn out to be repurposed marketing literature.

Business publications such as BioPharm International rely on the industry supplier market 
for financial support; however, the industry suppliers need independent publications to reach 
the qualified audience that seeks the technical insight and analysis provided by experts in 
pharmaceutical sciences. Attempts to substitute marketing or advertising messages for substan-
tive science- and technology-driven information can backfire.

Many forms of messaging are available; using the most appropriate form for the intended 
purpose will increase the potential for the message to be heard and acknowledged. Share the 
story of your company’s capabilities and products in paid advertising and content marketing pro-
grams. Contribute to the credibility and independence of advancing bio/pharm science by sharing 
objective, non-promotional information about drug development, formulation, manufacturing, 
and quality processes by authoring a technical article to BioPharm International.

The editors welcome objective, informative editorial driven technical articles authored for 
BioPharm International by experts at bio/pharmaceutical companies, regulatory authorities, 
industry suppliers, and consultants on process and formulation development, manufacturing 
operations, drug delivery, packaging, labeling, and distribution. View the editorial guidelines 
at https://biopharminternational.com/editorial_info.

REFERENCES
1. AstraZeneca, “AZD1222 US Phase III trial Met Primary Efficacy Endpoint in Preventing 

COVID-19 at Interim Analysis,” Press Release, March 22, 2021.
2. NIH, “Data and Safety Monitoring Board (DSMB),” Press Release, March 23, 2021.
3. AstraZeneca, “AZD1222 US Phase III Primary Analysis Confirms Safety and Efficacy,” Press 

Release, March 25, 2021.
4. M. Vann, “Fauci Calls ‘Outdated’ Data in AstraZeneca’s US Vaccine Trial ‘Unfortunate,’” 

ABCnews.com, March 23, 2021. ◆
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Regulatory Beat

F  or years now, US Congressional leaders 
and policy watchdogs have urged FDA 
to bolster its oversight of foreign drug 

manufacturing facilities to better ensure the 
quality and safety of the growing volume of 
medicines and ingredients imported to the 
United States. With the cancellation of most 
field site visits in 2020 due to the coronavirus 
pandemic, FDA now faces a serious backlog in 
inspections both in the US and abroad, rais-
ing the risk of shortages in vital medicines as 
well as access to needed treatments to counter 
new variants to the COVID-19 virus. Greater 
scrutiny of the vulnerability in the biophar-
maceutical supply chain, moreover, as more 
drug manufacturing has shifted overseas, has 
increased pressure on FDA to renew site visits of 
facilities at home and around the world. 

FDA Acting Commissioner Janet Woodcock 
responded to these concerns in a posting on 
March 18, 2021 that outlines a range of alter-
native methods the agency is using to verify 
the quality systems used to produce regulated 
products (1). She added that FDA is studying how 
to incorporate additional data sets and new tech-

nologies for facility oversight and will 
work with industry to expand the use 
of remote interactive evaluations, such 
as livestreaming video of operations, 
teleconferences, or screen sharing. 
Moreover, Woodcock indicated that as 
part of efforts to prepare for “resum-
ing a more normal state of opera-
tions,” FDA is examining “how best 
to address inspectional activities that 
were paused due to the pandemic.” 

Even before the COVID-19 pan-
demic, FDA faced significant challenges 
in conducting timely inspections of 

foreign facilities, namely a shortage of trained 
investigators, the need to pre-announce facility 
inspections, and language barriers that made 
site assessments more difficult and less reliable. 
The pandemic has made the situation even 
worse, according to the latest report from the 
Government Accountability Office (GAO), which 
finds that FDA failed to complete more than 1000 
of planned surveillance inspections in 2020 due 
to travel restrictions and safety concerns imposed 
by the pandemic. FDA conducted only three for-
eign mission critical inspections and 52 domestic 
inspections between March and October 2020, 
compared to more than 600 foreign inspections 
during the same period in 2019 (2). FDA’s China 
office resumed some preapproval inspections in 
October 2020, but plans for surveillance inspec-
tions remain uncertain. 

BACKLOG RAISES RISKS
GAO predicts that continued postponement 
of planned surveillance inspections to ensure 
compliance with good manufacturing practices 
(GMPs) will greatly increase the number of 
facilities in high-risk categories (i.e., those never 
inspected or not visited for five years or previ-
ously cited for infractions). Such developments 
could undermine FDA’s risk-based inspection 
program, which aims to better target agency 
resources to operations most likely to raise 
pharmaceutical quality and safety issues. 

This serious drop-off in manufacturing 
inspections comes after years of complaints 
from GAO and other analysts about inade-
quate FDA oversight of the growing number 
of foreign firms producing drugs and APIs 
for the US. At a hearing last month before 
the House Appropriat ions subcommittee 
that handles FDA funding, Mary Denigan-

Jill Wechsler is  
BioPharm International’s 

Washington editor,  
jillwechsler7@gmail.com.

Concerns over vulnerability in the supply chain has increased  
pressure on FDA to renew site visits of domestic and foreign facilities. 

Pressure Mounts for FDA  
to Ramp Up Drug Inspections
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Regulatory Beat

Macauley, GAO health care director, expressed fears 
that the mounting inspection backlog could take 
years to address (3). 

FDA’s field inspection program continues to have 
difficulties in hiring and training investigators, par-
ticularly those able and willing to travel overseas. The 
legislators noted that Congress provided additional 
funds in 2020 to address problems with the foreign 
inspection program, but that the resources were used 
primarily to update and correct FDA’s inventory of 
active manufacturing sites to better identify those over-
seas facilities actually subject to inspection. It remains 
to be seen if FDA is able to address some of these issues 
with a portion of the $500 million in additional fund-
ing provided to bolster agency programs and initiatives 
to combat COVID-19. 

Manufacturers and agency stakeholders maintain 
that inspections should resume, with investigators 
being vaccinated and provided protective gear. This 
raises the issue of whether inspections of pharmaceuti-
cal producers and research sites are considered “essen-
tial” under current guidelines and therefore should 
override travel restrictions and other limitations on 
federal agency programs. 

In addition to the cancellation of most GMP inspec-
tions, GAO also notes a sharp decline in preapproval 
inspections usually conducted to support market 
approval of a new therapy. While this change did not 
delay approval of most new applications for much of 
last year, as many facilities had been assessed prior to 
the inspection shut-down, months of inactivity now 
appear to be taking a toll on the agency’s ability to 
confirm the capabilities of a facility not inspected in 
recent years (4).

Members of Congress charged with approving FDA’s 
annual budget will further address these issues in the 
coming months. Proposals on the table may seek to 
encourage more biopharmaceutical production in the 
US by authorizing “country of origin” labeling or pub-
lic disclosure of a manufacturer’s compliance status, 
along with added FDA support for modern manufactur-
ing systems that can better ensure product quality with 
less oversight.  

REFERENCES
1. J. Woodcock and J. McMeekin, “FDA’s Ongoing Use of Inspectional 

Tools for Ensuring Access to Safe, Quality Food and Medical 
Products During the COVID-19 Pandemic,” FDA Voices Blog, FDA.
gov, March 18, 2021. 

2. GAO, Drug Safety: FDA’s Future Inspection Plans Need to Address 
Issues Presented by COVID-19 Backlog, March 4, 2021. 

3. M. Denigan-Macauley, “FDA’s Foreign Inspection Program,” 
testimony to House Committee on Appropriations (March 9, 2021). 

4. J. Wechsler, Pharm Tech 45 (2) 14-15 (2021). ◆
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Maximum Output Starts  
with Optimized Upstream Processing 

Biopharmaceutical companies and contract manufacturers 
respond to changing demand dynamics.

CYNTHIA A. CHALLENER

S  ignificant growth in the development and manufacturing 
of biologics—from traditional recombinant proteins 
and monoclonal antibodies (mAbs) to advanced mul-

tispecifics, antibody-drug conjugates, viral oncolytics, and cell, 
gene, and gene-editing therapies—was occurring worldwide 
before the emergence of the COVID-19 pandemic. Demand for 
biosimilars is also increasing. The requirements associated with 
COVID-19 vaccine manufacturing are placing further pressure 
on upstream manufacturing capacities. 

“The situation is evolving as the industry continues to explore 
the right balance between internal capacity/capability and exter-
nal capacity/capability and key strategic partnerships,” says Lynn 
Bottone, vice-president of Pfizer Biotech Operations. “Generally, 
the industry doesn’t have idle capacity across key technologies to 
bring on line with immediate effect. The challenges of the last 
year have made the industry revisit and reconsider these options 
with a rethinking of certain approaches,” she adds. That includes 
the supply of key inputs to upstream processes as well.

As a result, a strong and sustainable supply network is more 
vital to ensure supply chain stability, according to Youngsun Kim, 
director of the manufacturing science and technology team at 

Samsung Biologics. “Global sourcing of raw materials is an inte-
gral part of the supply chain, but recent events have highlighted 
that relying only on a single source can increase risk during a cri-
sis. Many companies are looking to diversify their supply chains 
to reduce the risk of disruption in the future,” he says.

Equipment suppliers, contract manufacturers, and biophar-
maceutical companies are implementing new bioprocessing 
solutions and manufacturing strategies to increase efficiency and 
productivity, forging innovative partnerships, and investing in 
additional physical capacity on a global basis. 

EVOLUTION IN BIOPROCESSING
The increasing diversity of advanced therapies has driven 
upstream manufacturing processes to evolve, according to Philip 
Vanek, CTO at Gamma Biosciences. “The latest iteration of 
technologies is being developed with scalability, process intensifi-
cation, and lean principles in mind to ensure quality and reliabil-
ity for the life of a process,” he asserts.
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Process flexibility and technical inno-
vations are key strategies to accelerate 
the pace of process development while 
increasing upstream capacity, adds 
Dirk Lange, CEO of Selexis and pres-
ident and CEO of KBI Biopharma. 

“Accelerating processes means going 
into manufacturing faster, and with that 
there can be bottlenecks. CDMOs [con-
tract development and manufacturing 
organizations] must provide flexibility to 
address bottlenecks, like taking the most 
streamlined path possible, decoupling 
upstream and downstream processes, 
and managing technical risks more 
effectively (i.e., using new technologies 
that help create flexibility),” he explains.

Developing and scaling up manufac-
turing operations and analytical testing 
capabilities are requiring major innova-
tion and the courage to move away from 
conventional constructs, asserts Bottone. 

“The paradigm shift only occurs with 
reimagining the way we’ve worked pre-
viously, and this reimagining is required 
at all functional nodes of the product life-
cycle and through the end-to-end supply 
chain. A focus on our horizontal integra-
tion internally and externally has been a 
key enabler for the COVID-19 vaccine 
and will be key to future new product 
introductions,” she notes.

The upstream capacity landscape does, 
however, vary largely with the product 
class, process design, and technology 
selection, notes Tania Pereira Chilima, 
deputy CTO of Univercells Technologies. 
She points to the mAb sector where 
stainless-steel bioreactors with tens of 
thousands of liters of capacity were com-
monly used for cell culture, but today have 
been replaced with single-use (SU) biore-
actors with thousands of liters of capacity 
due to significant increases in upstream 
productivity. The use of perfusion pro-
cesses has enabled even larger through-
puts within the same bioreactor volume.

Furthermore, Chilima observes that 
by using scalable technologies that have 
representative scale-down models early 
in the process development, compa-
nies are able to evaluate the capacity 

needed early on and plan accordingly. 
Innovation in process analytical tech-
nologies (PAT) is similarly driven by 
the need to boost both the productivity 
and therapeutic value of each bioprocess, 
according to Vanek. 

Shortening development timelines 
has been another focus of the industry. 
“Efforts have targeted the development 
of new expression technologies, par-
allel tracking of activities that are not 
on the critical path, and implementing 
high-throughput, small-scale technolo-
gies,” comments Atul Mohindra, senior 
director for research and development 
with Lonza. This work, he adds, has 
resulted in a significant reduction in 
process development timelines and is 
therefore having a positive impact on 
upstream capacity. 

Digital transformation also affords 
good opportunities to improve lead 
times for rapid cycle process develop-
ment, upstream capacity availability, and 
quality, according to Kim. Samsung, for 
example, is leveraging automation, ultra 
scale-down modeling in microreactors, 
in-silico and predictive modeling includ-
ing metabolomics, and mobile apps for 
company-wide data visibility to reduce 
the client tech-transfer process to as little 
as three and one-half months while main-
taining high levels of quality.

VIRAL VECTOR CAPACITY
Viral vectors, which are used directly in 
therapeutics and vaccines and also in 
the production of gene and gene-mod-
ified cell therapies, represent a special 
case with respect to manufacturing 
capacity shortages. 

Traditionally, viral vectors were manu-
facturing using plasticware such as roller 
bottles and T-flasks and manually-in-
tensive processes that required scale out 
rather than scale up to increase capacity, 
leading to severe constraints, according to 
Chilima. “These challenges can be over-
come through the use of scalable tech-
nologies such as stirred-tank bioreactors 
or even intensified, scalable technologies 
such as fixed-bed bioreactors,” she says.

Upstream capacity in viral-vector 
manufacturing is also impacted by capac-
ity limitations in downstream process-
ing. This issue is currently leading many 
CDMOs to reject projects or set long wait 
times for new customers to ensure they 
are able to fulfill their existing contracts, 
even though they may have under-uti-
lized upstream capacity, says Kai Lipinski, 
chief scientific officer at Vibalogics.

On a positive note, parallelization of 
experiments using automated systems for 
high-producer clone selection, along with 
medium optimization and the availabil-
ity of standard kits, are having an over-
whelmingly positive impact on capacity, 
according to Lipinski. The implementa-
tion of platform processes that require no 
or minimal development (e.g., a single 
cell line is used for many products along 
with a platform production medium and 
optimized vector platform design) is also 
saving time and cost. Similarly, accurate 
scale-down models and the use of a qual-
ity-by-design approach during develop-
ment are minimizing risk and providing 
increased predictability when moving to 
large-scale production.

The one factor currently limiting the 
pace of change, Lipinski asserts, is tal-
ent availability. “More expertise is needed 
across the industry to help companies 
identify new ways to further improve pro-
cess development to make better use of 
existing upstream capacity,” he states. 

IMPACT OF COVID-19
The COVID-19 pandemic has created 
greater interest and awareness in the bio-
tech sector, which seems to be leading 
to more investment and greater utiliza-
tion of current biologics manufacturing 
capacity, says Jeetendra Vaghjiani, director 
of commercial mammalian development 
at Lonza. Overall, though, he notes that 
COVID-19-related projects including 
vaccines are using up capacity that may 
have been used for other therapeutic 
products, which has increased the demand 
for upstream capacity. 

Tony Hitchcock, technical director for 
Cobra Biologics, disagrees. “The produc-
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tion of COVID-19 vaccines and therapies 
is largely disconnected from traditional 
biologics as the first authorized candi-
dates are based on adenoviral technol-
ogy (AstraZeneca/Oxford and Janssen) 
or messenger RNA (mRNA) (Pfizer-
BioNTech, Moderna), with candidates 
still in development being DNA-based 
(Scancell), protein-based (Novavax), and 
using more classical technology (Valneva). 
This manufacturing is performed outside 
of mainstream biopharma, where most 
capacities and capabilities involve the pro-
duction of mAbs,” he explains.

While Lange says that COVID-19 
has created a temporary shortage of 
upstream capacity for a portion of the 
industry, this spike has been counteracted 
by a stronger focus on life sciences as a 
whole, with more funds being pushed 
into biotech for other vaccines and ther-
apeutics. “Large capital investments will 
provide relief and support growth of the 
industry in the mid-term,” he remarks.

Biopharmaceutical companies of all 
sizes have sought additional contract 
manufacturing capacity to free internal 
capacity, expedite process development 
and large-scale manufacture, and forge 
partnerships to secure secondary sources 
in their drug supply chains, according to 
Kim. “Having a stable secondary source 
plays an essential role when it comes to 
supply continuity, especially during times 
of uncertainty like COVID-19,” he states. 

Regeneron has been working with 
FDA and the US government to rap-
idly scale up production of its REGEN-
COV antibody cocktail. The company is 
leveraging production and manufacturing 
platforms developed over decades, finan-
cial support from the government, and 
accelerated licensing of its Irish facility. 

“This approach has enabled us to adjust 
much of our internal manufacturing 
activities to maximize our ability to pro-
duce REGEN-COV while still ensur-
ing patients get the other FDA-approved 
Regeneron medicines that they need,” says 
Hannah Kwagh, senior manager of corpo-
rate communications at Regeneron. The 
full portfolio of commercial products can 

be manufactured in Ireland, enabling the 
company’s US site to maximize produc-
tion of REGEN-COV.

To support its COVID-19 vaccine 
(BNT162b2), Pfizer had to both expand 
its capability and build new capacity for 
the upstream process, which it did in part 
through partnerships. “Industry collabo-
ration is evident in numerous examples 
where companies have supported one 
another to get a vaccine or a therapeutic 
to patients faster. The industry has been 
pretty courageous not only in expand-
ing or building capacity without knowing 
whether the platform/product would be 
successful, but also in extending unutilized 
or underutilized capacity to competitors 
for the common good,” states Bottone.

There have, however, been supply chain 
challenges attributed to the COVID-19 
pandemic. “Vendors have rapidly shifted 
focus to produce materials to support 
COVID-19 vaccines and therapies, and 
as a result some therapeutic develop-
ers have had to slow down or redirect 
demand for equipment, reagents, and 
consumables,” says Vanek.

In general, adds Christian Morello, 
head of global supply-chain planning 
and programs management at Lonza, 
the demand for materials used for the 
manufacture of biological products has 
increased over the past five years, and 
mainly for SU equipment, and the accel-
erated development and production of 
COVID-19 vaccines has increased the 
demand much faster than suppliers have 
been able to increase capacity. 

“The upstream processing industry, 
especially in the SU space, was already 
experiencing significant demand and 
growth pre-COVID-19. With the 
rapid development of new COVID-19 
vaccines and therapeutics, incremental 
capacity for both hardware and consum-
ables is coming on line at a record pace. 
That said, there are challenges within the 
supply chain as the industry addresses 
shortages in raw material and component 
availability, affecting overall lead times in 
many areas,” agrees Jon Van Pelt, general 
manager of Cytiva’s bioprocess, single-use, 

and enterprise solutions business. He 
anticipates continued supply constraints 
in certain areas for the next several quar-
ters as new capacity comes on line.

“The constrained supply chain for such 
materials is creating the need for daily 
management and frequent reshaping of 
production plans, while also accelerating 
the validation of dual sourcing to decrease 
exposure to such risk,” Morello observes.

The severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2) outbreak 
has highlighted the need for high-capac-
ity, scalable technologies for viral vaccine 
production, adds Chilima. “This outbreak 
has shown that using manual technolo-
gies is not a suitable strategy when large 
quantities of doses are required during a 
pandemic. Many companies using adher-
ent cells have been driven to consider 
more scalable technologies that maintain 
a similar microenvironment for the cells,” 
she notes.

On the positive side, Hitchcock notes 
that the COVID-19 pandemic is not 
only stimulating new investments from 
the private sector and strategic invest-
ments from governments to establish 
local vaccine production capabilities, but 
also accelerating the development of these 
technology platforms and their broader 
application beyond cancer indications.

CMOs AND DRUG 
DEVELOPERS AFFECTED
Both biopharmaceutical companies 
and their outsourcing partners have 
both been impacted by the increased 
demand for upstream bioprocess-
ing capacity. “This increased demand 
impacts equally classical pharmaceu-
tical capacity and CDMO capacity 
as it is the product that is important,” 
Morello says. “In that perspective,” he 
adds, “it was interesting to see the col-
laborative approach on the supply chain 
between sponsors and CDMOs.”

KBI Biopharma has observed that 
clients focused on COVID-19 vaccines 
have limited in-house capacity. As a 
result, many are moving other vac-
cine products with shorter timelines 
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to CDMOs, leading to the increased 
demand across the industry as all man-
ufacturers adapt to the manufacturing 
challenges created by the pandemic 
while still maintaining production of 
other vaccines and therapeutics.

Vaccine manufacturing in terms of 
capacity, according to Hitchcock, has 
largely been provided by CDMOs oper-
ating in the cell and gene therapy space 
for viral vector and plasmid DNA pro-
duction. “Prior to the pandemic, large 
investments in capacity were being put 
in place with the likes of Cobra Biologics 
in the UK completing its viral vector 
production expansion in 2020 and with 
other significant expansions being car-
ried out globally to keep up with the 
growth of the advance therapies sector. 
This activity was certainly serendipitous,” 
he comments. 

Lipinski believes, however, that 
CDMOs are likely to be more impacted 
than biopharma companies by upstream 
capacity issues because they cannot eas-
ily divert capacity committed to existing 
customer projects to COVID-related 
projects without authorization from 
those customers. “Drug developers, on 
the other hand, have greater freedom 
to define and change their development 
priorities, allowing them to refocus 
capacity on the fight against the pan-
demic,” he remarks.

That is at least true for large bio-
pharmaceutical companies, but small 
and emerging biotech companies typi-
cally rely on the manufacturing capacity, 
expertise, and flexibility of CDMOs to 
bring their candidates to market. “With 
most of the drug development pipeline 
being held by these emerging and small 
biotechs, CDMO bioprocessing capacity 
is gaining importance,” Vaghjiani states. 

SHIFTS IN STRATEGIES
While the addition of more upstream 
capacity has been occurring and contin-
ues to take place, CDMOs and biophar-
maceutical companies are also investing 
in new technologies and manufacturing 
strategies to achieve capacity increases. 

“There is drastic disruption needed 
to support the commercialization of 
advanced therapies,” Vanek asserts. He 
points to three emerging themes that 
are dramatically improving manufac-
turing efficiency across the biologics 
spectrum and thus ultimately impact-
ing upstream bioprocessing capacity: 
continuous manufacturing, process ana-
lytics, and radically improved down-
stream purification. “There is a real 
shift,” agrees Chilima, “towards inten-
sified technologies that enable dramatic 
reductions in operational footprints and 
increased overall productivity.”

There is also a lot of focus on com-
pressing the biologic drug development 
timeline within the industry, especially in 
the process-development space, accord-
ing to Van Pelt. “If you think broadly, 
from process development to clinical to 
CGMP [current good manufacturing 
practice] production, advances in digital 
solutions are accelerating the pace of drug 
development. Validated platform pro-
cesses, modeling, connectivity, PAT, and 
other digital tools will allow for increased 
speed and process understanding while 
reducing the risk of failure as the process 
advances through the various develop-
ment stages,” he observes.

Selexis and KBI Biopharma, for 
instance, have invested in technology and 
innovation in cell-line development and 
process development to reduce cost of 
goods while increasing output at a given 
scale. High-yielding cell lines and process 
intensification are powerful strategies to 
address growing demand, according to 
Lange. The company has also invested 
in digitalization and manufacturing 4.0 
technologies to maximize the effective-
ness of its operations. 

Lonza, too, has invested in technol-
ogies and processes to reduce develop-
ment, tech-transfer, and batch-release 
timelines for increased throughput and 
therefore additional capacity, according 
to Mohindra. “In addition, we are further 
improving right-first-time success rates 
and our lean management systems and 
have implemented in-line testing tech-

nologies that leverage digitalization to 
increase productivity,” he says. 

Pfizer has leveraged production sys-
tems and its management infrastructure 
to free up time for continuous improve-
ment of operations and innovation, 
according to Bottone. “Expanding our 
digital capabilities has been important in 
the pursuit of big data analytics that has 
enabled efficient and effective develop-
ment, analysis, and review of significant 
quantities of data. Automation of histor-
ically manual processes has been equally 
impactful,” she notes. 

Development of rapid analytical meth-
ods; the use of robust inline, online, and 
at-line monitoring and testing capabili-
ties to reduce the reliance on end-product 
testing, exploration of accelerated regula-
tory pathways to approval for emerging 
technologies, application of the use of 
digital twins to increase operational effi-
ciencies, and the application of artificial 
intelligence to historically manual pro-
cesses like automated visual inspection 
are all taking place at Pfizer.

Innovation in storage and distribu-
tion was evident with the mRNA vaccine 
roll-out, Bottone adds. “Modular and 
mobile solutions will be important for 
scale-up and capacity-expansion oppor-
tunities with much shorter lead times,” 
she observes.

SU technologies are also being widely 
implemented for commercial as well as 
clinical production to minimize the time 
and costs associated with maintenance 
and cleaning of standard reusable equip-
ment, according to Lipinski. SU biore-
actors are now available up to 5000 L, 
enabling larger batch sizes. Companies 
are also leveraging high-cell-density 
perfusion processes to boost efficiency, 
according to Lipinski. 

Increased focus on alternate sourcing 
for both materials and intermediates and 
use of automation, production scheduling, 
and batch release are becoming more 
prominent, comments Kim. “The sup-
ply of raw materials and consumables 
is critical to ensuring the timeline for 
large-scale production, especially at the 
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moment. What we’re seeing across the 
board is sponsors providing alternative 
(secondary and tertiary) vendors for 
key raw materials and CDMOs taking 
responsibility for establishing an alter-
native consumable inventory list for 
faster procurement, especially for the 
commonly used consumables in the bio-
pharma industry,” he observes. 

Means for enhancing viral-vector pro-
ductivities are also being explored, such 
as screening for high-producer cell clones, 
using technologies to achieve high cell 
densities and perfusion cultures, and 
optimizing virus recovery. In addition, 
Lipinski notes that the use of high-effi-
cacy viral vector platforms to minimize 
the needed vaccination dose can play an 
important role in helping to make better 
use of existing capacity.

On the front end, the use of prefab-
ricated container-like clean rooms in 
new facilities is accelerating timelines for 
the completion of capacity expansions, 
according to Lipinski. 

PARTNERSHIPS PLAY A ROLE
The need for access to greater upstream 
(and downstream) bioprocessing capacity 
has led to the formation of interesting 
partnerships across the industry. 

Because adding new capacity can 
take time, the current need for imme-
diate capacity is leading companies to 
find innovative ways to meet capacity 
demands, adds Vaghjiani. Partnerships 
and collaborations are an important strat-
egy for expediting capacity expansion 
plans to ensure there is enough upstream 
bioprocess capacity to manufacture the 
vaccines and therapeutics needed to 
address the COVID-19 pandemic, agrees 
Oliver Loeillot, vice-president of Cytiva’s 
bioprocess business. “Depending on the 
needs of each organization, partnerships 
and collaborations will remain a strategy 
for capacity expansion for the foreseeable 
future,” he says.

“Partnerships between biopharma 
companies will provide flexible and 
agile supply options driven by demand 
and capacity,” asserts Kim. “Increased 

partnerships across all supply chain 
segments will de-risk supply and the 
overall required investment and give 
access to flexible manufacturing capacity 
supported by innovative technologies and 
facilities, extremely well-trained staff, and 
competitive pricing,” he continues.

Numerous industry collaborations, 
including strategic partnerships between 
companies and contract service providers 
exploring ideas around flexible capac-
ity and partnerships with vendors and 
suppliers to better understand and solve 
their capacity challenges, are playing a 
role alongside significant capital invest-
ments in capacity and capability and a 
paradigm shift in reducing capital project 
timelines to support capacity expansion, 
Bottone adds.

For Lipinski, such partnerships are 
crucial to increasing production scales 
within a reasonable time frame and to 
addressing upstream biopharma capac-
ity needs in the future. “Small and 
newly-established biotech companies 
often have little to no drug develop-
ment or regulatory experience, meaning 
they need supportive partners with the 
knowledge and capability to bring their 
innovations to market. The same is true 
for supply-chain management of drugs,” 
he says.

Large pharmaceutical companies, 
with their well-established experience in 
biopharma development and regulatory 
insight, can help these smaller partners, 
Lipinski observes. He also notes that 
CDMOs are also well placed to provide 
this support, delivering infrastructure and 
regulatory expertise to address gaps in 
small biotech companies’ knowledge.

Manufacturers will also need to work 
very closely with vendor partners to proj-
ect longer-term supply needs and evalu-
ate new alternatives for materials that are 
most impacted by the vaccine manufac-
turing demand, says Lange.

For Regeneron, innovative partner-
ships have been key to ensuring that 
the company is getting medicines and 
vaccines to patients as efficiently as pos-
sible, according to Kwagh. For example, 

she notes that while Regeneron cur-
rently anticipates that the full supply of 
REGEN-COV for its agreement with 
the US government will be produced 
by Regeneron, the company has also 
significantly increased global capacity 
through a collaboration with Roche.

PREPARING FOR THE FUTURE
Addressing bioprocess  capacity 
issues is essential to the future suc-
cess of many biopharmaceutical 
products. Regeneron’s ability to pro-
vide high numbers of finished doses 
of REGEN-COV is predicated on 
continued success in the manufacture 
of bulk product and access to third-
party fill/finish capacity, which is under 
heavy demand from COVID-19 vac-
cine manufacturers, is just one example. 

“Looking ahead, as an industry we need 
investment in both R&D technology 
and manufacturing infrastructure in 
order to better prepare for future pan-
demics,” Kwagh says.

The collaborations/relationships 
that have been established during 
the pandemic should continue to be 
explored as key strategic levers, notes 
Bottone. “The idea of flexible capac-
ity that can be brought on line with 
immediate effect is an interesting and 
appealing proposition when you con-
sider our collective experiences of the 
last year with the pandemic,” she says. 
In addition, Bottone suggests that col-
laboration between clinicians, regulators, 
and industry will determine how much 
acceleration of drug development and 
commercialization is possible, and the 
signs are encouraging.

The COVID-19 pandemic, accord-
ing to Lange, is a case study in what 
happens if global capacity models are 
unexpectedly disrupted. Fortunately, 
many innovative technologies are being 
developed with the potential to enhance 
and shape the future of biomanufactur-
ing, Vanek observes. “The challenge lies 
in scaling these technologies in ways 
that will unleash productivity and spur 
further innovation,” he states.
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Across the industry, though, Vanek 
believes there has been a gap in invest-
ment capital for companies that have 
launched these innovative products but 
still require guidance to fully scale and 
industrialize their solutions. “Without 
expert guidance and proper representation. 
these innovations could be lost or stifled if 
they are acquired or merged into large life 
sciences companies with many competing 
priorities,” he says.

The supply of crucial SU upstream 
process equipment and consumables is 
a key concern for Lipinski, with deliv-
ery times of up to 52 weeks currently 
expected across the industry. He also 
notes that aseptic filling of biologics, in 
particular live virus filling, is one of the 
most critical bottlenecks in the biopharma 
development and manufacturing process. 

“Steps need to be taken to address 
these issues as quickly as possible in 
order to optimize biologics manufactur-
ing capacity,” Lipinski says. He adds that 

the development of a form of generic 
consumable equipment and packaging 
in the near future may help to overcome 
the overall shortages of key materials, 
allowing the increased production of 
viral vector and virotherapy products 
using SU production systems.

In the meantime, companies devel-
oping new biologics, and in particular 
vaccines, oncolytic viruses, and gene ther-
apies based on viral vectors, need to iden-
tify and access manufacturing capacity 
as early as possible to ensure they can 
bring their innovations to market as 
soon as they receive regulatory approval, 
according to Lipinski. “Waiting for lim-
ited capacity to become available is not 
practical, and the earlier they engage with 
a potential manufacturing partner, the 
more control they will have over their 
timelines and speed to trial,” he asserts.

Access to talent is another issue that 
must be addressed to ensure future 
success in biomanufacturing. “Every 

fast-growing company has experienced 
the limiting effects of a defined talent 
pool and an overall shortage of qualified 
personnel. Capital investments, engi-
neering projects and process improve-
ment are fundamental to enable the 
projected growth of our industry, but we 
also need to work on a sustainable pipe-
line of talent at all levels in our organi-
zations,” Lange stresses. 

In general, summarized Bottone, access 
to key data in terms of capacity and capa-
bility is important for the biopharmaceu-
tical industry as a whole, and leveraging 
these data to understand the current and 
potential challenges for all nodes of 
the supply chain, upstream and down-
stream, will facilitate the prioritization of 
near-term and long-term action. “The 
COVID-19 vaccine has paved the way for 
paradigm shifting innovation in accelerat-
ing new product introductions, enabling 
the industry to deliver breakthroughs that 
change patients’ lives,” she concludes. ◆
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Taking a Breath:  
Advances in Inhaled Biologics

The inhaled route of administration for biologics is experiencing 
renewed interest, particularly in light of the COVID-19 pandemic.

FELICITY THOMAS

T  he global appetite for biological therapeutics is  
growing, with estimates for the market to surpass 
US $4 billion by 2025 (1). For the most part, biolog-

ics are delivered intravenously as a result of the complex and 
large nature of biomolecules, poor permeability through the 
intestinal epithelium, and susceptibility to enzymatic degra-
dation in the gastrointestinal tract (2). 

However, injections are considered to be painful and incon-
venient by many patients, particularly in cases where chronic 
conditions are being treated. Therefore, alternative routes of 
delivery, such as inhalation, for biologics are being investigated 
to improve systemic drug absorption and overcome the treat-
ment burden associated with intravenous administration (3).

To learn more about inhaled administration of biologics—
the advantages of this delivery route as well as its limitations 
and challenges—BioPharm International spoke with Catherine 
Oliver, specialist—Pharmaceutical Development, Vectura.

OBVIOUS ADVANTAGES
BioPharm: Why is inhaled administration of biologics 
attractive when compared with other delivery routes?

Oliver (Vectura): Traditionally, biologics are given 
through injections or infusions due to poor oral bioavail-
ability. However, up to one in 10 of the population are anx-
ious about injections. Administration of infusions requires 
skilled personnel to prepare and administer.

Drug delivery via inhalation offers obvious advantages 
for treating diseases of the lung. For respiratory thera-
pies, it allows the drug to reach the site of action directly. 
Inhalation can also be a viable route for the delivery of sys-
temically acting drugs, not least because it gives a fast onset 
of action through high systemic bioavailability.

There is renewed interest in inhalation as a route  
for administration of biologics, both systemic and locally 
acting. The COVID-19 pandemic has highlighted the 
difficulties associated with lung damage, and may well 
prove to be a catalyst for greater efforts for innovation 
in this field.

DEVELOPMENT OBSTACLES
BioPharm: What are the main obstacles to a successful 
development program of an inhaled biologic?

Development
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Oliver (Vectura): There are two 
important aspects to consider when 
developing an inhaled biologic:  
making particles/droplets that are  
sufficiently small to be inhaled; and 
the aerosolization of dry powders 
produced by spray-drying, lyophiliza-
tion, or nebulization of solutions  
for inhalation. Both have the poten-
tial to affect product quality through 
decreased activity or protein aggre-
gation. Biologics tend to be com-
plex large molecules and, as such,  
have more potential sites for deg-
radation. It is essential that the for-
mulation and packaging system are 
optimized with the intended deliv-
ery system in mind. Therefore, criti-
cal quality attributes (CQAs) for the 
drug product are carefully defined  
and assessed. 

Lastly, patient factors must be 
considered. Any novel inhaler must 
have noticeable beneficial impact on 
therapy effectiveness, compliance 
and patient lifestyle and be able to 
demonstrate that it is just as effec-
tive at delivering the required dose as 
other forms of administration.

GREATER UNDERSTANDING
BioPharm: Have there been any 
technological advances that have 
helped developers overcome the hur-
dles associated with inhaled biologic 
development?

Oliver (Vectura): However care-
fully a biologic has been designed and 
developed, there is still no guarantee 
that a successful inhaled formulation 
will be possible.

A greater understanding of factors 
affecting biologic stability has resulted 
in improved dr y ing techniques  
to produce inhalable dry powders. 
For example, for biologics that are 
unstable as aqueous solutions, under-
standing both the optimal residual 
moisture content and excipient char-
acteristics can inform formulation for 
drying processes to ensure a stable dry 
powder. This can enable room tem-

perature storage and negate the need 
for cold chain storage.

It has been known for some time 
that nanoparticles/nanobodies are 
effective at overcoming pulmonary 
clearance by mucocilary escalator  
or macrophage capture. This tech-
nology has never been more topical  
due to clinical trials of COVID  
v a c c i n e s , c o n t a i n i n g  m R N A  
[messenger RNA] encapsulated in 
lipid nanoparticles, being adminis-
tered by nebulization.

W hils t  there  have  been suc-
c e s s f u l  b i o l o g i c  d r y  p o w d e r 
inhalers (DPIs) delivery of a liq-
uid formulation using some form 
of  nebul izer  i s  more  l ike l y  to 
be  cons ide red . The  innova to r  
now has a choice of nebulizer types 
for precise delivery to specific areas  
of the lung, such as the use of smart 
nebulizers to deliver anti-infec-
tive treatments deep into the lungs.  
New DPI and nebulizer inhaler 
technologies are being developed 
to facilitate proper inhalation tech-
nique by providing feedback during  
drug administration to the patient 
or  the health-care professional  
during inhalation.

EXCIPIENT LIMITATIONS
BioPharm: Do you believe that the 
limited number of ‘approved’ excipients 
for use in inhaled biologics poses a sig-
nificant challenge to development?

Oliver (Vectura): This is certainly 
a challenge. The number of excipients 
for parenteral biologics is about 300; 
however, less than 20% of these are 
permitted for inhalation. Historically, 
the majority of excipients have been 
approved to support formulation for 
oral drug delivery. Increased scientific 
understanding is driving targeting of 
drugs either to specific parts of the 
lungs or sites within the body. Both 
biologics and other new inhaled med-
icines may need new or innovative 
technologies to succeed.

There may be times when gaining 
approval for a novel excipient is neces-
sary because a novel-product-enabling 
approach is being taken. The need for 
new excipients will have to be assessed 
on a case-by-case basis, such as where 
the stability of the formulation is 
sub-optimal, or its flow properties can-
not be made acceptable with existing 
substances.

One area where an excipient could 
be advantageous is in increasing 
the residual time of the drug in the 
lungs, rather than it being absorbed 
and transported. This is something 
of a holy grail for developers, but if 
the aim of a novel inhaled formula-
tion is systemic delivery, the opposite 
is required: very rapid uptake. The 
potential for a novel excipient in this 
area here, too, is large.

REFORMULATION OPTION
BioPharm:  Can reformulation  
provide a convenient route for develop-
ers to achieve an inhaled formulation 
of a biologic?

Oliver (Vectura): Inhalation may 
be a potential route for a successful 
reformulation of a marketed biologic, 
particularly if faster onset of action 

Development

Contin. on page 46

“A greater 
understanding of 
factors affecting 

biologic stability has 
resulted in improved 

drying techniques  
to produce inhalable 

dry powders.”

—Catherine Oliver, 
Vectura
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Single-Use Bags Help Maintain Aseptic 
Ingredient Transfer to Bioreactors

The innovation of single-use technologies is 
applicable early on in the manufacturing process.

FELIZA MIRASOL

C ontainment of ingredients and materials during 
bioprocessing is necessary for the protection of the 
manufacturing environment, the operators working 

in that environment, and the drug product. Because con-
tainment is an ongoing priority for the industry, innovative 
technologies are needed to support it. For example, as the 
adoption of single-use systems in bioprocessing grows, the 
introduction of newer single-use technologies to com-
pliment those systems are helping to streamline aseptic 
bioprocessing. For instance, single-use bags for transferring 
powder ingredients (e.g., cell culture media) to the bioreac-
tor are an increasingly useful tool in keeping the loading of 
the bioreactor a closed process. 

ASEPTIC CONCERNS
It has been historically accepted that sterility is not a 
critical factor early on in the biomanufacturing process, 
such as during the transfer of cell culture ingredients, 
for instance, powder ingredients for media and buffers. 
Thus, powder ingredients have traditionally been scooped 
from stock containers and then weighed and mixed in 

vessels or bags, a process that is typically done in a sepa-
rate clean room to control contamination from airborne 
material (1). 

However, as biomanufacturers grow to use single-use 
technologies, single-use bags can also be applied for 
other tasks besides the cell culture process itself. Single-
use bags offer a simpler, cleaner, and safer way to handle 
ingredients. Dry ingredients can be transferred to sin-
gle-use bags with the added convenience of having pre-
weighed amounts prepared from storage vessels. 

To discuss the challenges and practicalities of using sin-
gle-use bags for handling powder ingredients in bioprocess-
ing, BioPharm International spoke with Ben Wylie, senior 
product manager, ChargePoint Technology, a provider of 
high containment and sterile powder transfer solutions.

IMPACT OF INNOVATION
BioPharm: Why is the development of single-use bags for 
powder handling/powder transfer considered an impactful 
innovation in upstream bioprocessing? What is their function; 
how do they work?

Upstream Processing
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Wylie (ChargePoint Technology): 
The rise in demand for biopharma 
treatments in recent years has led 
to a significant increase in the need 
for aseptic manufacturing. Biologic 
treatments are particularly reliant on 
sterile processing due to the fact that 
they are most often administered par-
enterally to patients, so additional 
steps must be taken to ensure they 
remain safe. 

A major challenge facing pharma-
ceutical companies looking to meet 
this new market demand for sterile 
treatments is how to achieve an asep-
tic processing environment at every 
stage in production without compro-
mising on efficiency and productiv-
ity. For a growing number of drug 
developers and their contract develop-
ment and manufacturing organization 
(CDMO) partners, the answer to this 
conundrum is the use of single-use 
(SU) technologies in their processing, 
such as single-use bags for handling 
and transferring powders.  

Single-use powder transfer bags 
are made f rom a high purity poly-
ethylene (PE) film liner and are 
specifically designed for use in phar-
maceutical and biotech applications. 
They are utilized in bioprocesses 
for the safe and efficient transfer of 
media powders and for buffer pow-
ders. Downstream, in fi l l/finish 
applications, the bag forms part of a 
complete closed transfer system for 
the sterile transfer of API powders 
to the formulation process. 

CHALLENGES ADDRESSED
BioPharm: What ‘old school’ chal-
lenges or issues do these single-use bags 
address and/or fix for biomanufacturers?

Wylie (ChargePoint Technology):  
This new generation of SU equip-
ment is a significant innovation in 
pharmaceutical development, address-
ing a key challenge posed by standard 
multi-use containers and other com-
ponents—that of production down-
time for washdown. 

As they are designed to be used once 
prior to disposal, SU bags and other 
equipment do not have to be included 
in cleaning and washdown procedures 
between batches. All that is required is 
for them to be replaced with new com-
ponents. This can significantly stream-
line the hygiene procedures needed to 
maintain sterility compared with reus-
able alternatives, reducing production 
downtime and enhancing efficiency. 

All of this means that SU bags and 
other equipment can ensure the asep-
tic integrity of products during trans-
fer within and between manufacturing 
facilities. They can maintain optimum 
product quality, while helping to max-
imize process efficiency and reduce 
production costs.

BioPharm: How do these bags play 
a role in maintaining aseptic condi-
tions for bioprocessing?

Wylie (ChargePoint Technology): 
SU bags and similar SU components 
are manufactured within an ISO6 
cleanroom environment and are 
gamma sterilized prior to use when 
required. As such, they are suitable for 
use in the most rigorous aseptic pro-
cessing environments.

SU bags can be des igned to 
connect to the disposable passive 
component of a single-use valve, 
(e.g., Split Butterfly Valve [SBV ], 
ChargePoint Technology) to enable 
the contained and sterile transfer of 
pharmaceutical powders between 
each step in the manufacturing 
process, as well as between facili-
ties. The passive half doesn’t need to 
be cleaned after use because it can 
simply be disposed between fillings, 
increasing productivity.

Traditional multi-use containers 
and other components, on the other 
hand, would have to be washed thor-
oughly between batches, alongside 
the washdown of the rest of the line, 
increasing downtime and the time 
and headaches often associated with 
validating cleaning procedures. SU 
bags help to minimize washdown 

requirements, reducing production 
downtime. As a result, they maintain 
the highest standards of aseptic pro-
cessing while optimizing manufac-
turing efficiency. 

BioPharm: Does switching to 
these single-use powder-handling bags 
pose their own challenges, and if so, 
what are they?

Wylie (ChargePoint Technology): 
Generally, the time and complexity 
in adoption of any new single use 
component lies in the up-front work 
to qualify the materials and build a 
robust supply chain. However, this 
effort pays dividends in the long run 
with clear benefits in being able to 
deploy pre-qualified solution off-
the-shelf as required. Typically, this 
solution is easy to retro-fit to an 
existing process and requires mini-
mal training for line operators to be 
able to handle and fit. 

With all of this in mind, single 
use components present a highly 
effective alternative for manufactur-
ers looking to enhance the efficiency 
of their GMP [good manufacturing 
practice] and even aseptic powder 
handling processes. 

BioPharm: Can you explain the 
cost and overall operating benefits that 
single-use powder-handling bags offer 
(if not already addressed)?

Wylie (ChargePoint Technology): 
As explained in previous questions, SU 
bags and other disposable equipment 
can significantly improve manufactur-
ing efficiency during aseptic processing 
by reducing the downtime required 
for washdown and hygiene processes 
between product batches. By using 
such components, manufacturers can 
optimize output on their lines, maxi-
mizing manufacturing capacity with-
out compromising on product quality. 

REFERENCE
1. C. Rombach, “Facing the 

Challenges: Single-Use Approaches 
to Powder Transfer,” ILC Dover 
White Paper, www.ilcdover.com,  
accessed March 22, 2021. ◆
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Fluid Handling Systems are Seeing 
Benefit from Single-Use Technologies

The adoption of single-use technologies in fluid-handling 
systems helps streamline downstream bioprocessing operations.

FELIZA MIRASOL

T he growing use of single-use technologies in down-
stream bioprocessing allows for opportunities to 
address problematic areas in unit operations and 

develop systems to alleviate stresses on the biomanufacturing 
cycle. One area benefitting from the use of single-use sys-
tems is liquid handling and fluid transfer. Single-use com-
ponents such as tubing, connectors, and valves offer more 
efficient workflows, for example.

To discuss the challenges and benefits of having a 
well-designed and properly composed fluid handling system 
using single-use technology, BioPharm International spoke 
with Tim Korwan, director, New Product Introduction—
Single-Use, at Avantor.

ADDRESSING TECHNICAL CHALLENGES
BioPharm: How have single-use technologies benefitted 
fluid handling/fluid transfer in downstream bioprocessing? 
Are there any specific technical challenges that single-use 
technologies are better able to address and/or resolve?

Korwan (Avantor): In general, single-use equipment 
gives manufacturers the power to produce more of their 

product or units/year, and fluid transfer steps in down-
stream processing can benefit from the implementation 
of single-use systems. Single-use tubing, connectors, 
and valve components are among the components that 
can eliminate cleaning-in-place and sterilizing-in-place 
(CIP/SIP) procedures, removing these costly and 
time-consuming steps that contribute to downtime and, 
thereby, increasing manufacturing throughput and pro-
ductivity of the facility. Time and personnel once used 
for CIP/SIP of stainless-steel process lines can now be 
reallocated to production, increasing the overall effi-
ciency of the manufacturing process.

BioPharm: What is hose assembly and why is it import-
ant to do correctly?

Korwan (Avantor): Building hose assemblies goes 
beyond measuring from point A to B. Understanding the 
proper process flow rates to ensure that the fluid path-
way meets the specification takes process knowledge and 
competent knowledge of fluid dynamics. In addition, the 
single-use system manufacturer must have deep indus-
try knowledge of all the available fittings to be able to 

Downstream Processing
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ensure that the proper fittings are 
selected for the particular applica-
tion and that they integrate well with 
other components in the system. The 
selection of the material that will be 
in contact with the fluid pathways 
is important from a regulatory and 
quality standpoint. Finally, the pro-
duction environment and any pre-
use integrity testing will ensure that 
the hose assembly as designed will 
deliver the intended result.

DESIGNING EFFICIENT 
HOSE ASSEMBLY
BioPharm: In terms of design aspects, 
what makes for an efficient hose assembly, 
and how does this benefit downstream 
processing steps like chromatography, fil-
tration, etc.?

Korwan (Avantor): Quality-by-
design (QbD) in single-use hose assem-
blies is critical to ensure that the product 
is designed to meet the specification and 
application requirements for downstream 
processing.  There has been an increas-
ing demand to use single-use systems 
for downstream unit operations; two 
common areas where it is being applied 
include chromatography and filtration.

Both chromatography and filtration 
operations are subject to rapid fluctua-
tions in pressure. Rapid changes in pres-
sure can compromise the single-use hose 
assembly by weakening the braid rein-
forcement commonly used in braid-rein-
forced silicone hose. This weakening and 
eventual failure will typically happen at 
the point of the retainment, to the fitting, 
to the hose. 

To overcome this challenge where 
high-pressure requirements were 
needed, it was standard practice to 
use non-single-use hose assemblies 
with stainless-steel fittings and collars, 
which would then be subject to the 
requirements of cleaning and steril-
ization between operations. There is 
a market need for a single-use high 
pressure hose assembly that is able to 
withstand the pressure fluctuations of 
chromatography and filtration. 

Avantor, having expertise in sin-
gle-use manufacturing, including areas 
such as hose fitting and retainment 
design, recognized this common failure 
point and designed a new high-pres-
sure fitting (SterilEnz). The new fit-
ting uses a multi-barb design and, when 
used in conjunction with the proper 
retainment system, offers a large surface 
area, multi-point attachment to address 
high-pressure fluctuations common in 
downstream applications. Proper fitting 
and retainment design ensures that the 
connection between fitting and hose can 
withstand pressure fluctuations and the 
integrity of the system.

BioPharm: Can you describe the 
general schematic of a single-use-tech-
nology-based hose assembly; does this 
include components such as valves, con-
nectors, clamps, etc.? 

Korwan (Avantor): In general, 
the operation has two points, one inlet 
and one outlet, unless this is a mani-
fold assembly, in which case there could 
be multiples of those inlets. These fluid 
pathways can be controlled using exter-
nal valves and use connectors to change 
fluid direction. Many times, these path-
ways can be included in process instru-
mentation to measure process parameters, 
such as pressure and temperature.

BioPharm:  What impact do 
downstream single-use systems have 
on titer/yield? 

Korwan (Avantor): Any fluid 
pathway, when designed poorly, can 
develop hold-up volume that can 
negatively affect the titer or yield in 
a downstream process. Good engi-
neering practices and knowledge of 
single-use systems will ensure proper 
design of these fluid pathways, pre-
venting line losses and improving the 
yields in downstream processing. 

Another area of focus that can have 
an impact on titer/yield in downstream 
is buffer preparation. Buffers play a 
significant role in biopharmaceutical 
manufacturing, typically representing 
the major component by volume used 
in biopharma downstream processing 
steps to help control pH levels and 
stabilize reactions during purification. 

Traditional buffer preparation in 
monoclonal antibody (mAb) manufac-
turing requires large bioreactor tanks 
to mix the buffers from raw materi-
als, such as salts (e.g., sodium chlo-
ride) in concentrated form that are 
then diluted with water-for-injection 
(WFI). Buffer preparation tanks not 
only require a large footprint but are 
also a significant capital investment. 
Every buffer produced must also be 
tested rigorously, requiring time and 
effort from a manufacturer’s valuable 
quality control and assurance resources. 
Each buffer must then be stored in a 
dedicated space or container, where the 
quality of the buffer has to be main-
tained until it is used, further adding to 
the facility space requirements. 

An alternative solution is for a man-
ufacturer to obtain ready-to-use buf-
fers at 1x concentrations, which can 
also be packaged in single-use bags. 
Equipment options, such as in-line 
dilution systems, can help further 
improve a facility’s buffer management 
practices by offering the ability to pre-
pare buffers on-demand. This allows 
a manufacturer to directly use the 
buffers in the process, eliminating the 
time it would normally take to prepare, 
mix, and store buffers in large tanks in 
its facility. ◆

Downstream Processing

“There has been an 
increasing demand 

to use single-
use systems for 

downstream unit 
operations.”

—Tim Korwan, 
Avantor
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Beyond Lyophilization
Breakthroughs in analytics and alternatives to traditional freeze drying 

promise to reshape biological development and the cold chain.
AGNES SHANLEY

T he past year has been a busy one for vendors and con-
tract development and manufacturing organizations 
(CDMOs) that provide lyophilization equipment 

and services. On the bulk lyophilization side, demand for 
lyophilization for antibody-drug conjugates (ADCs), mono-
clonal antibody therapies (mAbs) for COVID-19, and some 
of the raw materials used in COVID-19 vaccines has been 
growing, says Scott Ross, global product specialist for bulk 
lyophilization with W.L. Gore and Associates.  The com-
pany’s Lyoguard trays are being used in the production of 
mAbs; diagnostics tests for COVID-19 virus or antibodies; 
and some of the key raw materials used in messenger RNA 
(mRNA) vaccines, including synthetic oligonucleotides, 
adjuvants, and lipid nanoparticles, he says.

“For ADCs, lyophilization is likely to become a de facto 
standard,” Ross says, noting that operator safety concerns 
and the need to reduce turnaround times at CDMOs are 
driving use of contained tray systems. In addition, real-time 
monitoring of temperature and other parameters is becom-
ing routine, he says.

As it has lifted demand for bulk lyophilization, the 
COVID-19 pandemic has also highlighted deficiencies with 
vial-based lyophilization, a process that has seen few changes 
in the past 50 years. By offering a powdered form of vaccine 

that could be shipped at ambient temperatures and recon-
stituted at the point of administration, lyophilization could 
have simplified the distribution of new vaccines, including 
those based on mRNA, which must be transported and 
stored as frozen liquids at extremely low temperatures, then 
mixed and manipulated before patients can be injected. Of 
the five COVID-19 vaccines that are now being used glob-
ally to prevent COVID-19, only Russia’s Sputnik V—which 
also comes in frozen liquid form—actually uses traditional 
vial freeze drying.  

In the end, it’s a question of capacity. It would take three 
years for the industry to have enough capacity to lyophilize 
300 million vials of product, says Alina Alexeenko, professor 
of chemical engineering, aeronautics, and astronautics at 
Purdue University and cochair of LyoHUB, a consortium of 
users and equipment and services vendors which was estab-
lished four years ago to promote best practices and establish 
a roadmap for the future of this technology. 

Fellow co-chair and Purdue professor Elizabeth Topp, 
who is also chief science officer at the Dublin, Ireland-
based National Institute of Biopharmaceutical Research 
and Training (NIBRT), agrees.  “Global lyophilization 
capacity wouldn’t allow us to process a billion vaccines a 
year, and stability testing is another hurdle. If you’re push-

Manufacturing
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ing a vaccine out the door in nine 
months for emergency use authoriza-
tion, you clearly won’t have time to do 
a shelf stability study on a lyophilized 
formulation and guarantee 18 months 
stability,” she says. However, new 
analytical methods and process devel-
opment strategies promise to improve 
processing and simplify distribution, 
administration, and the cold chain. 

“We can expect to see more lyo-
philized vaccines in the future,” says 
Steve Nail, senior LyoHUB scientific 
advisor who was formerly a Purdue 
professor and is now principal sci-
entist at Baxter Biopharmaceutical 
Solutions, a CDMO in Bloomington, 
Ind.  However, he says, the equip-
ment used to process the materials 
will look quite different f rom the 
traditional stainless steel lyophilizers, 
with heat-transfer fluid circulating 
through shelves. 

LYO: UP FOR DISRUPTION
“The technology is up for disruption,” 
says Alexeenko. She notes that inno-
vative drying processes (e.g., spray- 
freeze drying [both continuous and 
non-continuous]; spin freezing; thin- 
film freezing; and microwave drying), 
show promise to simplify the process-
ing, transportation, and distribution of 
biopharmaceuticals and vaccines.

Lyophilization poses challenges, 
particularly for some proteins. A num-
ber of stresses are associated with 
freezing and freeze drying, as well as 
with agitation and phase interfaces, 
says Nail.  Another problem is the fact 
that lyophilization involves very slow 
cooling, at a rate of one degree Kelvin 
per second, says Bill Williams, a pro-
fessor at the University of Texas and 
inventor of the thin-film freezing pro-
cess, which he developed years ago at 
the Dow Chemical Co. 

TFF Pharma licensed his technol-
ogy and commercialized it in 2019. 
Williams and his team, with corpo-
rate and US government funding, are 
now focusing on research designed 

to optimize use of thin-film f reez-
ing to improve the processing and 
delivery of biologics, including vac-
cines, along with the cold chain. 
Some of the problems that can occur 
with lyophilization are due to ingre-
dients within vaccine formulations. 
As Williams notes, 80% of all exist-
ing vaccines use aluminum hydrox-
ide adjuvants. If these ingredients 
f reeze and then melt, particles can 
then aggregate, affecting both vaccine 
immunogenicity and activity, he says. 

FASTER FREEZING
However, Williams notes, slow freez-
ing is another challenge with lyo-
philization that affects vaccine activity. 

“When the f reezing rate is 100 to 
1000 times faster than it is for tradi-
tional lyophilization, as it is in thin-
film freezing, the integrity of protein 
materials is maintained,” he says. Using 
thin-film freezing, the vaccine can 
either be reconstituted at the point of 
use, or administered via nasal or pul-
monary delivery, he says. 

Currently, Williams’ lab is work-
ing with TFF Pharma and more 
than 25 different pharma companies 
on research that is formulating liquid 
mAbs,  mRNA lipid nanoparticles, and 
other bioformulations into thin-film 
powders that can be delivered to the 
lungs. The company recently worked 
on a reformulation of remdesivir as 
an inhaled dry powder, and in July 
2020, completed Phase I of a clini-
cal study that studied formulation of 
voriconazole as an inhaled powder.

Protein destabilization is another issue 
with lyophilization. Although research 
has studied the mechanics of chemical 
destabilization, which occurs as the result 
of reactions such as deamidation, oxida-
tion, and chain cleavage or “clipping,” the 
science behind physical destabilization 
processes such as aggregation is not yet 
fully understood, says Topp. 

“Aggregation is hard to control because 
it is part of the protein folding prob-
lem. We don’t really understand how 

proteins fold, and we don’t understand 
how they aggregate either,” she says.  
Solid-state hydrogen deuterium exchange 
(HDX), an analytical method that is 
being used in research at Purdue and 
NIBRT, allows proteins to be studied in 
the solid state at high resolution, and is 
improving understanding of protein sta-
bility, says Topp.  “A lot of what seems to 
drive the performance of these materials 
has to do with the hydrogen bonds that 
help make up the structure of the pro-
teins, and the hydrogen bonds between 
the protein and the matrix that surrounds 
it. HDX interrogates the hydrogen bond 
network, and, so far, results suggest that 
the better the network, the more stable 
the material,” she says. 

PROTEIN STABILITY
Evidence suggests that aggrega-
tion may be driven by partial protein 
unfolding. In the future, Topp says, 
this research might yield a metric that 
would reveal how well folded each 
individual protein is, which could help 
determine whether a particular bio-
pharmaceutical formulation will per-
form well or not, whether it is made by  
lyophilization or another process. 

In addition, Topp notes, research 
suggests that measurements made with 
HDX correlate closely with the sta-
bility of the protein in storage. “If we 
can characterize these materials and 
the environment that the protein sees 
with sufficient resolution, then maybe 
we can start to replace time consuming 
18-month to two-year stability studies 
with advanced analytical characteriza-
tion,” she says. 

This approach would likely start 
with comparability protocols and then 
move to other parts of regulatory fil-
ings. “Stability studies impede all kinds 
of process changes and improvements. 
We hope that we can put tools in place 
to change that,” Topp says. 

Not only HDX but nuclear mag-
netic resonance (NMR) spectroscopy 
and neutron back scattering can be 
advanced to study stability. “In order 
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for progress to be made, companies 
need to adopt newer technolgies and 
include them in regulatory filings, to 
put the technology in front of regula-
tors and the industry,” she says.  

In a lighter vein, Topp envisions 
a “solid-state protein characterization 
smackdown,” in which the three meth-
ods would be used to analyze a blinded 
sample of a lyophilized protein such 
as an mAb, and results then compared. 
The method or combination of methods 
that best correlated with storage stability 
would then be deemed the winner(s).  

On a smaller scale, similar work 
evaluating solid-state HDX has 
already been  done with Roche 
Genentech. In this case, however, 
HDX measurements were taken for 
blinded samples of four different 
mAb formulations, and the results 
were then compared to results of 
2.5 years of stability data that had 
already been gathered for the same 
formulations.  In two weeks, the 
HDX came up with the same rank 
order of results as stability testing, 
Topp says. “HDX measurement met-
rics showed nearly perfect correla-
tion with aggregation during mAb 
storage,” she recalls. 

Purdue and NIBRT have also been 
working on projects supported by the 
National institute for Innovation in 
Manufacturing Biopharmaceuticals 
(NIIMBL) that use HDX. This 
research has evaluated the impact of 
process changes as well as the use of 
alternative drying methods on stability.

LyoHUB was never intended to be 
a research consortium. Its first goal  
was technology road mapping (i.e., dis-
cerning ways to revitalize the technol-
ogy), and another primary activity has 
been disseminating best practices to 
improve use and design of lyophiliza-
tion equipment. “The fact is that there 
is a lot of poor practice going on in the 
industry, due to a lack of understand-
ing of the fundamentals of heat and 
mass transfer,” says Nail. LyoHUB’s 
latest best practices paper focuses on 

the formulation of lyophilized products, 
but validation and equipment quali-
fication are areas that will be updated 
soon, says Alexeenko. LyoHUB is 
actively facilitating research and the 
adoption of new technologies and 
advanced analytics and equipment 
among its 25 member companies. To 
advance this goal, the organization 
opened up a new demonstration labo-
ratory in 2019 to allow its members to 
work with new process equipment and 
analytical systems.

Process analytical  technology 
(PAT) remains an area of focus. One 
technology being developed is smart 
vials, wireless sensors that would go 
into each individual vial being lyo-
philized and measure such data as 
temperature, pressure, and extract lyo-
philization rate, and communicate the 
information back to the freeze drier, 
says Alexeenko. 

“This is important because, in lyo-
philization, batches are qualified, 
and a whole batch can be trashed if 
something goes wrong in just one 
or two vials. This sensor allows indi-
vidual vials to be monitored, provid-
ing more control,” says Topp. The 
vials can also be used to measure and 
control ice nucleation and to under-
stand its dynamics. “This is the one 
area in lyophilization where things 
happen very quickly, and we need to 
better understand and control that 
process,” Alexeenko says. Another 
method that is being studied in proj-
ects at LyoHUB’s new demonstration 

facility is in-situ residual gas analyzer 
mass spectroscopy, a technology that 
Purdue has been using since 2018. The 
method enables the study of problems 
that can occur in freeze drying when 
components in a formulation decom-
pose and a pH shift or other issues 
result.  It can detect parts-per-millon-
level changes in the composition of 
the gas during lyophilization, and then 
allow them to be correlated to process 
changes.  The first applications of the 
technology used ammonia, but Nail is 
working on a project that uses organic 
co-solvents, typically required when 
processing poorly soluble drugs. This 
work will study the time course release 
of ethanol vapor from product, which 
has been shown to have a critical influ-
ence on product reject rates. 

PROCESS MODELING
Other projects are focusing on improv-
ing sensors and process modeling. “You 
can’t do one well without the other,” 
says Alexeenko. In process model-
ing, LyoHUB members are working 
on a virtual thermocouple, which uses 
high speed computing and high-fi-
delity methods to model heat transfer, 
not only in porous materials but also 
in and between glass containers, and 
between glass and plastics containers 
(e.g., SiO2-type vials). The project 
combines noninvasive measurement 
and process modeling so that the tem-
perature within the vial can be recon-
structed with a much higher level of 
detail, says Alexeenko.  A new area 
of interest is microwave heating using 
volumetric electromagnetic rather 
than conductive heat transfer. So far, 
the method has been found to reduce 
impact on large biomolecules.

Nail notes increased industry inter-
est in applying lyophilization tech-
nology to human stem cells. In 2020, 
Alexeenko says, Purdue researchers 
developed lyophilization processes 
for use with the mRNA and CRISPR 
Cas9 reagents that are used in some 
COVID-19 diagnostic testing kits. ◆
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In the future, the 
term lyophilization 
will encompass 
disruptive 
technologies such as 
thin-film freezing.
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Addressing technical and manufacturing challenges in 
mRNA technology 

Messenger RNA (mRNA) therapies are one of the hottest drug 
classes, and the development of an entirely new drug class is 
not without challenges. A major issue in the pharmaceutical 

industry is lack of high-quality raw materials that meet clinical 
research and manufacturing regulations. 

BioPharm International recently spoke with Linas Pupelis, Senior 
Product Manager for Nucleic Acid Therapeutics at Thermo Fisher 
Scientific, about the latest development of critical raw materials 
required to support the synthesis of mRNA for therapeutic 
development. He also described how Thermo Fisher’s TheraPure 
reagents, specifically designed and carefully manufactured 
following the principles of 21 Code of Federal Regulations 210/211 and 
International Council for Harmonization of Technical Requirements 
for Pharmaceuticals for Human Use Q7, can help build the solutions 
to today’s challenges.

BIOPHARM: The two currently approved COVID-19 emergency use 
authorization (EUA) vaccines are based on mRNA technology. What 
are the challenges developing this entirely new drug class?

LINAS PUPELIS: Today, the biggest challenges can be grouped into 
two categories: technical challenges in the mRNA technology and 
challenges related to manufacturing. Regarding technical challenges, 
one of the greatest is mRNA stability. N nuclease enzyme degrade 
mRNA within minutes. To stabilize mRNA, researchers look for 
solutions to make mRNA transcript less attractive to nucleases. This 
challenge can be overcome by modifying 3-prime and 5-prime ends 
of mRNA to make it less attractive to nucleases. 

At Thermo Fisher, we provide the tools for mRNA modifications, 
including poly(A) tailing for 3-prime end or various mRNA capping 
solutions for 5-prime end such as Anti-Reverse Cap Analog.

Another technical challenge is how the human immune system 
frequently perceives foreign RNA as a threat. This problem can be 
resolved by using chemically modified nucleotides 5-methylcytosine 
or pseudouridine instead of cytosine and uracil nucleotides. Such 
substitutions can mute the immune response while also bolstering 
the stability of the mRNA and the efficiency of translation. Thermo 
Fisher offers a variety of such modified nucleotides as part of its 
therapeutic product family. 

Advances in GMP-Grade Raw 
Materials for mRNA Therapeutics Finally, we have challenges related to manufacturing 

requirements. The main one is that it is critical 
that raw materials are safe for commercial use. To 
combat this, Thermo Fisher provides the highest 
purity and safety raw materials suitable for mRNA 
vaccine manufacturing.

BIOPHARM: What are the major requirements in raw 
materials used for mRNA therapeutic development?

PUPELIS: mRNA vaccines are for human use, thus 
the major requirements in raw materials are related 
to purity and safety. These properties are achieved 
by ensuring that raw materials are animal-origin 
free and beta-lactam free. This eliminates risks of 
transmissible diseases or viral agents, as well as 
risks of allergic reactions and other side effects. 
Raw material purity is insured through bioburden 
and endotoxin testing. Also, raw materials are 
managed through mature quality systems and 
extensive quality control testing. This ensures lot-to-
lot consistency, which is important for smooth, raw 
material use.

BIOPHARM: How is Thermo Fisher working to 
address these quality requirements by  
therapeutic companies?

PUPELIS: At Thermo Fisher, we have launched 
the TheraPure product family. These therapeutic 
reagents are designed for pharmaceutical 
manufacturers who are looking for tools and 
core building blocks to use in research and 
manufacturing. These reagents are crafted in 
facilities with thoroughly documented quality 
systems that are audited by accredited registrars. 
And, these therapeutic products are strategically 
designed and carefully manufactured following 
their cGMP principles.

BIOPHARM: Are there major issues in mRNA 
manufacturing today for therapeutics customers?

PUPELIS: There are some major challenges, 
including raw material quality and volume, 
especially with EUA approval of COVID-19 as an 
mRNA vaccine to be used effectively against the 
viral infection. Global demand for mRNA syntheses 
has grown. mRNA therapeutic developers, including 
those for COVID-19 vaccines, need immediate, 
adequate raw material quality suitable for the 
production of mRNA in a very large scale.

BIOPHARM: From a capacity standpoint, what is 
Thermo Fisher working on to address capacity issues?

PUPELIS: Historically, Thermo Fisher served 
academic and research labs, which did not require 
high-grade raw materials in large scales. Over 
the years, we saw growing potential in mRNA 
therapeutics. Thus, we have increased our ability to 
scale and design single-use system manufacturing, 
which ensures the highest grade of raw materials. 

In 2020, Thermo Fisher built a new facility in Vilnius, 
Lithuania, for industrial-scale manufacturing to 
ensure we can meet the demand required by 
vaccine manufacturers. Moreover, we are building 
manufacturing redundancies in several locations 
in the United States for reagents used in mRNA 
synthesis. This will ensure a stable supply and that 
our raw materials will be accessible from multiple 
sites on different continents.

BIOPHARM: What do you think the future of 
mRNA therapeutics and demand will be for  
raw material?

PUPELIS: We just saw multiple countries approve 
mRNA-based vaccines, so the future is bright. As one 
scientific journal wrote, COVID-19 actually unlocked 
a new category of vaccines. That development 
makes this moment in history significant. 

First, this is a new technology. It is faster, 
easier, and cheaper to manufacture an mRNA 
vaccine compared to traditional vaccines. These 
benefits bring value to everyday people, and this 
breakthrough makes vaccines more accessible to 
people around the world. 

At Thermo Fisher, we are working hard and are 
well-positioned to help customers find everything 
they need, including in-vitro transcription enzymes, 
nucleotides, mRNA modification tools, mRNA 
purification technologies, and solutions for vaccine 
delivery. As mRNA vaccine approval increases 
globally, this is the start of addressing many more 
diseases with mRNA technology.

Thermo Fisher Scientific Inc. has an annual revenue 
exceeding $25 billion, supporting customers that  
are accelerating life sciences research, solving 
complex analytical challenges, improving patient 
diagnostics and therapies or increasing productivity 
in their laboratories. 

https://www.thermofisher.com/us/en/home.html
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ABSTRACT
In this article, the authors have detailed the best practices when optimizing 
and sizing anion exchange (AEX) membrane adsorbers for virus clearance. 
AEX chromatography is a powerful method to clear all types of virus by 
separating viruses from the product of interest based on ionic charge. 
Membrane adsorbers (macroporous membranes with chromatographic 
ligands attached that function similarly to resins containing identical ligands) 
offer several advantages over conventional resin chromatography, such as 
higher binding capacity for large molecules (i.e., viruses), >10-fold faster flow 
rates, use of up to 75% less buffer, and present a flexible single-use solution 
that does not require cleaning validation. These qualities make membrane 
adsorbers a perfect fit for flow through chromatography operations where 
virus clearance is expected. The authors therefore performed minute 
virus of mice (MVM) spiking studies with a monoclonal antibody product 
and small-scale AEX membrane adsorbers to evaluate a range of critical 
processing conditions, such as conductivity, process pause, product loading, 
and virus spike purity. The results provide an understanding of the impact 
of the evaluated process parameters on the clearance of parvovirus.

SHERRI DOLAN, PAUL NOLAN, STEPHEN CAREY, 
CRAIG QUINNEY, AND LORNA LITTLEJOHN

T he risk of viral contamination is 
a feature common to all biop-
harmaceutical products and vac-
cines derived from mammalian 

cell lines and can have serious implications. 
Contamination can cost millions in investi-
gation, clean-up, corrective action, and man-
ufacturing plant downtime (1). Even if no 
contaminated biologics reach patients, man-
ufacturing shortfalls can result in lost sales, 
as well as drug or vaccine shortages, and can 
cause unnecessary patient suffering.

To ensure the safety of biologics, regula-
tory agencies require a current good man-
ufacturing practice (CGMP) downstream 
purif ication process that is validated to 
remove and/or inactivate viruses to pre-
vent contamination. The validated process 

should conform to an orthogonal approach 
for viral clearance, which typically includes 
inactivation by low pH and/or solvent 
detergent and removal by anion exchange 
(AEX) chromatography, virus f iltration, 
and other methods (2). 

As a virus removal method in the puri-
fication of monoclonal antibodies (mAbs), 
AEX membrane adsorbers show equivalent 
parvovirus clearance capabilities to AEX res-
ins (3). Using membrane adsorbers instead 
of resins offers many benefits including 
higher binding capacity for large molecules, 
such as viruses. The open pore structure 
(Figure 1) of the membrane adsorber allows 
large molecules to easily enter the matrix and 
bind to ligands. Membrane adsorbers also 
have greater than 10–30-fold faster flow rates 

Using Anion Exchange 
Membrane Adsorbers 

to Ensure Effective Virus 
Clearance of Challenging 

Parvoviruses
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and use up to 75% less buffer, which 
means AEX membranes can operate at 
the same level of productivity as resins 
in a much smaller footprint (4), making 
them cost-effective for viral clearance. 

To ensure that membrane adsorbers 
provide maximum viral clearance, crit-
ical process parameters for virus bind-
ing must be established. The authors 
therefore undertook minute virus of 
mice (MVM) spiking studies to eval-
uate the effects of conductivity, pro-
cess pause, protein loading, and virus 
preparation purity on retention.

MATERIALS AND METHODS
Model biological
A Cel lca Chinese hamster ovary 
(CHO) cell line expressing a mAb, 
known as Cellca2, was used as the 
model biological for these studies. 
This mAb was chosen because it is a 
commonly manufactured commercial 
biologic and is representative of the 
type of protein produced in biophar-
maceutical manufacturing. 

Viral model
MVM was selected for this study tak-
ing into consideration the concepts 
of specif ic and non specif ic model 
viruses as described in International 
Conference on Ha rmonisat ion 
of Technica l Requirements for 

Registration of Pharmaceuticals for 
Human Use Q5A (5). The virus is 
closely related to known and/or poten-
tial contaminants of biologically-derived 
material and has physicochemical char-
acteristics that test the potential viral 
removal capacity of AEX. MVM is 
one of the most challenging viruses 
to remove by AEX chromatography 
because small viruses, such as parvovirus, 
have fewer binding sites that can interact 
with the chromatography ligand when 
compared to large viruses (such as retro-
viruses). In addition, the isolelectric point 
(pI) of MVM is 6.2, which is the highest 
pI of all the viruses typically tested in 
mAb–virus validation studies (6,7).

MVM for spiking studies
The MVM for the spiking studies was 
cultured in mouse cells with a propri-
etary media. The virus was purified by 
cell clarification, concentration, and 
chromatography to remove impurities. 
The MVM titer was measured using a 
standard tissue culture infectious dose 
that causes 50% cell death (TCID50) 
assay and was used at approximately 
108 TCID50/mL for each spiking study.

AEX membrane adsorbers
Membrane adsorbers (Sartobind, 
Sartorius GmbH) that were flexible and 
single-use were used because they did 

not require column packing or clean-
ing validation. The membrane adsorb-
ers also came in a range of device sizes, 
which means that a viral clearance pro-
cess can be validated at small-scale and 
transferred quickly and easily to manu-
facturing scale.

AEX chromatography is often used 
in flow through mode to remove viruses 
from biologics. The anion exchange 
media will separate viruses from product 
by utilizing differences in ionic charge. 
Under optimal conditions, the virus will 
be negatively charged and bind to the 
adsorber, while the product will be posi-
tively charged, and will not bind. 

Experimental approach
To determine the optimum process 
conditions, the authors assessed the 
following critical process parameters: 
conductivity, f low stop/pressure pause, 
protein (mAb) loading, and virus 
spike purity.

In all studies, the membrane adsorb-
ers were wetted and flushed with buffer 
(according to Sartorius’ user manual) (8). 
Following these directions is critical to 
ensure the membrane is fully wetted and 
all air is removed from the device to pre-
vent low and/or variable virus removal 
(especially with hydrophobic proteins). 
The wetting procedure is also needed 
to remove storage solution from the 
device. In addition, a prefilter was placed 
in-line before the small-scale membrane 
(Sartobind). The prefilter was used to 
remove any large particles that may 
cause fouling on the membrane adsorber 
as well as trap any air bubbles originat-
ing from the system that may try to enter 
the membrane adsorber. After wetting 
and flushing, the membrane adsorbers 
were sanitized with sodium hydroxide 
and equilibrated with buffer.

For all studies, 1% (v/v) of MVM at 
a concentration of approximately 108 
TCID50/mL was added to the samples. 
Fractions were collected and analyzed 
to determine any virus breakthrough. 
Virus infectivity was determined via a 
TCID50 assay. A logarithmic reduction 
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Figure 1. Pore structure of a conventional resin bead compared to a  
membrane adsorber.
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value (LRV) of the virus was calculated 
by comparing the quantity of virus 
recovered in the mAb filtrate to the 
quantity of virus loaded onto the AEX 
membrane adsorber.

Assessing conductivity
Cellca2 mAb stock solution (20 g/L) 
was diluted to 5 g/L with 20 mM Tris, 
pH 7.5 buffer. The conductivity was 
adjusted to six different values rang-
ing from 2–20 mS/cm by adding the 
appropriate amount of sodium chlo-

ride (NaCl). The diluted solutions were 
then spiked with 1% (v/v) MVM (108 
TCID50/mL) and loaded onto the Q 
membrane adsorber (Sartobind). For the 
(Sartobind) STIC study, Cellca2 mAb 
stock solution was diluted into 20 mM 
Tris, 150 mM NaCl, pH 7.5 buffer with 
a conductivity of 18 mS/cm, spiked with 
MVM, and loaded onto the membrane. 
Both membranes were loaded to 1 kg/L 
at a flow rate of 10 membrane volume 
(MV)/min. Filtrate fractions were col-
lected and analyzed for any virus break-

through using a TCID50 assay. Figure 2 
shows the LRV results of the pooled frac-
tions under the different conductivities.

Process pause/flow stop
Process pauses due to disconnecting 
and reconnecting single-use bags to 
and from an AEX membrane adsorber 
or unexpected power loss can occur 
in biopharmaceutical manufacturing 
environments. There is evidence that 
this may affect MVM retention on 
virus clearance f ilters (9). To assess 
whether there is a similar impact on 
membrane adsorbers, a 20-min pres-
sure pause/flow stop was initiated half-
way through the loading. Cellca2 mAb 
was diluted with 20 mM Tris, 25 mM 
NaCl, pH 7.2 buffer to a concentra-
tion of 5g/L, and 1% (v/v) MVM (108 
TCID50/mL) was added. The solution 
was loaded onto the Q pico (0.08 mL) 
membrane adsorber (Sartobind) to a 
capacity of 12.5 kg/L at a flow rate of 
10 MV/min. Figure 3 shows the LRV 
results for the 12 fractions that were 
collected and analyzed for any virus 
breakthrough using TCID50 assay.

Determining maximum 
loading capacity
Determining an accurate loading 
capacity can be critical to successfully 
utilizing AEX membrane adsorb-
ers. Underloading the membrane will 
result in excessive costs for large-scale 
commercial manufacturing opera-
tions, while overloading the membrane 
will result in lower-than-expected 
virus and impurity clearance. When 
using membrane adsorbers primarily 
for virus clearance, as would be the 
case when the membrane adsorber is 
used as a third chromatography step, 
the expected loading capacity would 
be between 2 kg/L to > 20 kg/L. 
However, when using the membrane 
adsorber to also remove impurities, 
such as when the membrane adsorber is 
positioned as a second chromatography 
step, the expected loading capacity is 
between 0.1 kg/L to 3 kg/L.

Peer-Review Research

Figure 3. Effect of process flow pause on minute virus of mice (MVM) retention 
(Sartobind Q pico). LRV is logarithmic reduction value.

Figure 2. Effect of conductivity on minute virus of mice (MVM) retention. ↑ 
denotes no virus particles detected. LRV is logarithmic reduction value.
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A loading study using the Q 
membrane (Sar tobind) was per-
formed to determine the maximum 
amount of mAb that can be loaded 
onto the membrane adsorber (in the 
f low through mode) before the virus 
removal capacity is reduced. This study 
was performed using Cellca2 mAb 
diluted to 5 g/L in 20 mM Tris, 25 
mM NaCl, pH 7.2 buffer. In addi-
tion, 1% (v/v) MVM (108 TCID50/mL) 
was added to the mAb. The mAb was 
then loaded onto the Q pico (0.08 mL) 
(Sartobind) device at a flow rate of 20 
MV/min to a final capacity of 20 kg/L. 
As shown in Figure 4, a total of five 
filtrate fractions were taken and ana-
lyzed for the presence of virus. 

In addition, a loading study using 
the STIC membrane (Sartobind) was 
performed to determine the maxi-
mum amount of mAb that can be 
loaded before virus removal capacity 
is reduced. This study was performed 
using Cellca2 mAb diluted to 5 g/L 
in 20 mM Tris, 150 mM NaCl, pH 
7.5, which had a conductivity of 18 mS/
cm, and 1% (v/v) MVM (108 TCID50/
mL) was added to the mAb. STIC 
membranes are designed to be used 
at high conductivities (e.g., >10 mS/
cm) because, at lower conductivities, 
the product may possibly bind to the 
membrane, which would limit virus 
removal. However, the authors did not 
perform any analyses at low conduc-
tivity in these studies. The STIC pico 
(0.08 mL) (Sartobind) device was run 
at a 20-MV/min flow rate and loaded 
up to 5 kg/L. In these loading studies, 
a higher flow rate was used to shorten 
the loading time needed when load-
ing the membranes to high capacity. 
The typical f low rate for membrane 
adsorbers is between 10–30 MV/min 
(Sartorius has [unpublished] data from 
internal Sartorius studies showing flow 
rate does not impact protein binding). 
Also, higher flow rate and higher load-
ing will represent the worst case as if 
there is an effect; the higher flow rate 
will have lower binding capacity. As 

shown in Figure 4, a total of five fil-
trate fractions were taken and analyzed 
for the presence of virus

Scalability and reproducibility
Robust virus clearance and scalability 
of the two small-scale Q devices (1-mL 
nano and 0.08-mL pico) (Sartobind) 
were accessed by performing six runs on 
the pico and six runs on the nano device. 
Four runs were performed on each device 
by adding MVM to buffer (runs 1–4) 
and two runs were performed on each 
device by adding MVM to Cellca2 mAb 
(runs 5–6). For runs 1–4, 20mM Tris, 25 
mM NaCl, pH 7.2 buffer (loaded at 0.5 
L/mL membrane) was spiked with 1% 
(v/v) of MVM (108 TCID50/mL). For 
runs 5–6, Cellca2 mAb was diluted to 
5 g/L with 20 mM Tris, 25 mM NaCl, 
pH 7.2 and loaded onto the membrane 
to a capacity of 5 kg/L. All runs were 
performed at a flow rate of 10 MV/min. 
Figure 5 shows the LRV results from 
the pooled fractions of each run.

Effect of virus purity
Crude virus preparations are commonly 
used to validate chromatography res-
ins. However, since membrane adsorbers 
are sized based on capacity, crude virus 
preparations containing impurities, such 

as DNA and host cell proteins (HCPs), 
may bind to the membrane adsorber, 
limiting the virus’ binding capacity. 

To determine the effects that using 
crude virus preparation and purified 
virus preparation has on the loading 
capacity, crude MVM (109 TCID50/
mL) clarified by crossflow filtration and 
purified MVM (108 TCID50/mL) puri-
fied by chromatography, were added to 
Cellca2 mAb (10 g/L) and loaded onto 
Q pico adsorbers (0.08 mL) (Sartobind) 
at a flow rate of 20 MV/min. The buffer 
was 20 mM Tris, 25 mM NaCl, pH 7.2, 
and mAb was loaded to 10 kg/L for the 
crude virus preparation and 20 kg/L for 
the purified virus preparation. Five fil-
trate fractions were taken and analyzed 
for the presence of virus.

RESULTS AND DISCUSSION
Buffer conditions 
for optimal binding
The results from this study (Figure 2) 
show the effect of buffer conductivity 
on the retention of MVM spiked into 
Cellca2 mAb solution. The conduc-
tivity range tested was 2 mS/cm up to 
20 mS/cm. As expected, the Q mem-
brane shows good virus retention (>4 
LRV) up to 10 mS/cm, after which 
the virus retention declines at con-
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Figure 4. Effect of increasing protein loading on minute virus of mice (MVM) 
retention with Q and STIC membrane adsorbers (Sartobind). LRV is logarithmic 
reduction value. MVM is minute virus of mice.
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ductivities of 18 and 20 mS/cm. The 
STIC membrane (Sartobind) chemis-
try is a primary amine and is designed 
to bind impurities with higher con-
ductivity buffers. This membrane 
shows good virus retention (>4 LRV) 
at 18 mS/cm conductivity, indicating 
that the STIC membrane is the best 
choice if there is a need to process 
under high conductivity conditions.

Process pause/flow stop
Flow stop or process pause can affect 
MVM removal on some types of virus 
retentive filters but is dependent on 
the biologic being purified (9) as well 
as the membrane type. Results of this 
study (Figure 3) show that a 20-min-
ute f low stop during processing with 
the Cellca2 mAb does not significantly 
affect MVM retention with AEX 
membrane adsorbers, indicating that 
routine connection and reconnection 
tasks to single-use bags, for example, 
should not affect viral clearance. 

Loading capacity 
and economic analysis
Membrane adsorbers have high f low 
rates that allow for the membrane 
capacity to be fully utilized. Correct 
sizing of the membrane will assure the 
membrane is not overloaded, which may 
cause virus or impurity breakthrough. 
In addition, correct sizing will prevent 

underloading the membrane, which can 
result in excessive costs for large-scale 
commercial operations.

The typical capacity for membrane 
adsorbers is >20 kg/L when used with 
products that have low impurity lev-
els, for example, when the membrane 
adsorber is used as the third chroma-
tography step. When impurity removal 
is also desired, the typical capacity can 
range from 0.1 kg/L–3 kg/L, depend-
ing on the level of impurities. Impurity 
clearance can be measured and the 
capacity of the membrane to remove 
these impurities can be determined 
during development. However, to accu-
rately determine the loading capacity 
for the highest virus clearance, a virus 
clearance study must be performed. 
The maximum loading capacity is eval-
uated by collecting filtrate fractions 
during the virus spiking study and ana-
lyzing the fractions for the presence of 
virus. The membrane should be loaded 
until virus breakthrough occurs, at 
which point the membrane has reached 
the maximum loading capacity.

Figure 4 shows the results of a typ-
ical loading study. In the Q membrane 
(Sartobind) study, all fractions showed 
complete virus retention, and the result-
ing pool was able to remove 5.77 LRV at 
a loading capacity of 20 kg/L.

The STIC membrane (Sartobind) 
study shows complete virus retention 

for the first two fractions, followed by a 
loss in retention with increased loading 
past the loading capacity of 1 kg/L. For 
this example, pooling the appropriate 
fractions to achieve the desired LRV 
is critical. If all fractions were pooled 
together, the resulting retention would 
be 3.15 LRV at the loading capacity 
of 5 kg/L. In order to reach a target 
of >4 LRV, pooling the first two frac-
tions (or using a loading capacity of 
1 kg/L), would result in retention of 
>4.67 LRV. Therefore, for this mole-
cule, the recommended loading capac-
ity is 1 kg/L.

Effects of underloading
If the membrane capacity is not utilized, 
there will be a substantial cost increase, 
especially when producing large vol-
umes of product. Figure 6 illustrates 
the amount of membrane area required 
to process a 10,000-L bioreactor (with 
an output titer of 5 g/L) at loading 
capacities ranging from 2 kg/L up to 
20 kg/L. Increasing the loading capac-
ity from 5 kg/L to 20 kg/L results in 
75% less membrane surface area needed. 
This decrease in membrane area will 
provide a 30% cost savings for mem-
brane alone, per bioreactor run. Proper 
sizing does not only provide savings 
with consumables, but perhaps, more 
importantly, buffer usage will be cut by 
75%. The buffer needed for each biore-
actor run can be reduced from 3600 L 
to 900 L, which results in a savings of 
2700 L less buffer per run. Additionally, 
the footprint will be much smaller, 
hence the processing skid and pump 
size can be reduced.

Scalability and reproducibility
Figure 5 shows robust (>5 LRV) and 
reproducible virus retention for two 
different small-scale Q membrane 
adsorber (Sartobind) devices. The small 
pico device (0.08 mL) is useful when 
loading the membrane to high capaci-
ties because less product is needed. The 
larger nano device (1 mL) may be used 
when lower capacities are validated or 
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Figure 5. Performance comparison of two scales of Q membrane adsorbers 
(Sartobind). LRV is logarithmic reduction value. MVM is minute virus of mice.
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for small-scale process development 
work. Complete virus removal is shown 
for all studies.

Virus spike purity
Figure 7 shows that using crude 
virus preparations, which contain 
impurities, may interfere with virus 
binding and cause early virus break-

through. As shown with the crude 
preparation, the ability of the mem-
brane to retain virus dramatically 
decreases during increasing loading, 
which results in a pool of only 1.23 
LRV clearance. However, when using 
the purified preparation, there is com-
plete retention of virus and the result-
ing pool LRV is 5.77. Therefore, it is 

important to use purified virus prepa-
rations, such as those used to validate 
virus removal filters, to not overload 
the membrane with contaminants 
from the crude virus preparation. In 
addition, the process material used for 
loading capacity studies should also 
be representative of production mate-
rial in terms of impurities, including 
CHO HCPs and DNA, since the 
amount of impurities present in the 
product may limit the virus clearance 
capability of the membrane.

CONCLUSION
Robust, high levels of virus removal 
(>4–6 LRV) can be achieved using 
membrane adsorbers (Sartobind). As 
discussed, choosing optimal buffer 
conditions, using scalable small-scale 
devices, and evaluating accurate load-
ing capacity are critical to achieving 
high LRVs. Determining an accurate 
loading capacity is crucial to elimi-
nate overloading issues and ensures an 
economical process at manufacturing 
scale. Finally, performing validation 
studies using purif ied virus prepa-
rations and representative process 
material along with properly wetting 
small-scale devices will also ensure 
optimum performance.

REFERENCES
1. P.W. Barone, et al., Nat. Biotechnol. 38:, 

563–572 (2020).
2. EMA, EMEA/CHMP/BWP/398498/2005, 

Guideline On Virus Safety Evaluation 
Of Biotechnological Investigational 
Medicinal Products (London, UK, July 
24, 2008).

3. G.R. Miesegaes, et al, Biotechnol. Prog. 
30 (1) 124–131 (2014). 

4. B. Mothes, et al., BPI 14 (5) 34–58 (2016).
5. ICH, Q5A (R1) Quality of 

Biotechnological Products: Viral Safety 
Evaluation of Biotechnology Products 
Derived from Cell Lines of Human or 
Animal Origin, Step 5 version (1997).

6. D. Strauss, et al., Biotech. And 
Bioengineering 104, 371–380 (2009). 

7. E. Gefroh, et al., PDA J. Pharm. Sci 
Technol. 68, 297–311 (2014).

8. Sartorius Stedim Biotech GmbH, 
Publication No.: SL-6191-e180203, Ver. 02 
(Goettingen, Germany, 2018).

9. D. Strauss, et al., Biotechnol Prog. 33 (5) 
1294–1302 (2017). ◆

Figure 7. Comparison of the effects of loading crude versus purified virus has 
on virus retention with Q membrane adsorbers (Sartobind). LRV is logarithmic 
reduction value. MVM is minute virus of mice.

Figure 6. Financial impact of under-loading in late-phase manufacturing.



SPONSORED CONTENT

THOUGHT-LEADERSHIP FEATURE

Biopharma Insights

38     APRIL 2021 

H ost cell proteins (HCPs) 
constitute a major group of 
process-related impurities 

in biological drugs produced using 
cell culture technology. HCPs are 
produced inadvertently during the 
expression of recombinant biophar-
maceuticals as secreted from host 
cells from aberrant cellular traffick-
ing due to cell stress and cell lysis 
over the course of bioprocess manu-
facturing. Many HCPs are benign, 
but some are immunogenic; some 
may interact with the drug sub-
stance, and others, like proteases and 
lipases, can reduce effective prod-
uct dosage through direct action on 
the drug or its stability by interfer-
ing with formulation buffer. Since 
HCPs can pose a risk to patients 
and affect the efficacy and stability 
of the drug, they constitute a sig-
nificant component of a biophar-
maceutical drug developer’s overall 
risk-management strategy (1, 2). 

A robust and broadly reactive 
HCP enzyme-linked immunosor-
bent assay (ELISA) is a critical tool 
for monitoring purification process 
consistency as well as final drug 
substance purity and is the gold 
standard method for process mon-
itoring and product release test-
ing for HCPs (Figure 1). It is 
critical to ensure that the selected 
HCP ELISA method is fit for its 
intended use. This is important 
from a regulatory perspective as 
well as for process development and 
manufacturing (1, 2). 

Regulatory agencies around the 
world have put measures in place 
to ensure the HCP ELISA used 
by a sponsor is fit for the purpose 
of monitoring purification process 
consistency and product lot release 

(1-3). A well-developed and quali-
fied HCP ELISA will ensure that 
HCPs have been reduced to safe 
levels and that the purification 
process is consistent from batch 
to batch. It is advised to employ 
orthogonal methods to demon-
strate antibody coverage to indi-
vidual process-specific HCPs to 
support use of a particular HCP 
immunoassay. HCP coverage eval-
uations help assess the ability of 
the antibodies to recognize a wide 
range of HCPs in the calibration 
standard and those present in in-
process and drug substance sam-
ples. Equally important is to qualify 

HCP ELISA and HCP 
Antibody Coverage 
Analysis Methods
Alla Zilberman

Figure 1. Cygnus HCP ELISA diagram.
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the assay for dilution linearity, 
accuracy, and precision (3). 

For lack of better coverage 
analysis methods, 2D Western 
Blot (2D WB) has been tradi-
tionally performed from large 
format two-dimensional poly-
acrylamide gel electrophoresis 
(2D PAGE) gels with protein 
transfer to membranes for 2D 
WB comparison to silver stain. 
Because of the recognized sen-
sitivity limitations of 2D WB, 
the conventional acceptance cri-
teria are that >50% of the total 
HCP should be reactive and 
that the antibody must recog-
nize HCP in all four quadrants 
of a 2D PAGE gel. While using 
2D WB, coverage can only be 
estimated on upstream harvest 
samples where the concentration 
of most HCPs is still within the 
sensitivity limitations of various 
staining methods. In addition, 
2D PAGE loading capacity, 
destruction of native epitopes 
by harsh sample treatment, 
and potential steric hindrance 
of HCP antibody binding epi-
topes lead to poor sensitivity 
and specificity of 2D WB. Due 
to these reasons, 2D WB sig-
nificantly underestimates true 
antibody coverage to upstream 
HCPs. More importantly, 2D 

WB does not predict how that 
antibody will quantitatively react 
to the most important HCPs 
which are those that co-purify 
with the drug substance.

Antibody Affinity Extraction 
(AAE™), a type of immuno-
affinity chromatography, is an 
advanced orthogonal method 
designed to assess the coverage 
of a polyclonal antibody to an 
array of HCPs present in a given 
process, as well as HCP anti-

body reactivity to downstream, 
process-specific HCPs that may 
co-purify with a drug substance. 
This method was developed by 
Cygnus Technologies in 2013 
to overcome the analytical defi-
ciencies of the traditional 2D 
WB and two-dimensional dif-
ferential in blot electrophoresis 
(2D-DIBE) orthogonal meth-
ods used to assess the coverage 
of polyclonal antibodies to total 
host cell protein. 

Figure 2. Antibody coverage by AAE with 2D PAGE or MS analysis options.

Figure 3. Virtual two-dimensional gel of harvest sample: molecular 
weight versus isoelectric point.
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ANTIBODY COVERAGE 
ANALYSIS BY AAE™
To perform AAE, the poly-
clonal antibody is covalently 
immobilized on a chromatog-
raphy support. The column is 
then conditioned to prevent 
significant leaching of the 
antibody and to minimize any 
non-specific binding. The HCP 
sample in its native, undena-
tured state is passed over the 
column for binding and then 
eluted with acid. The HCP 
sample is again cycled over the 
column by binding and elu-
tion until no additional HCP 
is bound. All HCP elution 
f ractions are pooled, buffer 
exchanged, and concentrated 
back to the original sample vol-
ume. The final sample is then 
separated by 2D PAGE and 
analyzed by either a compar-
ison to a silver stain of start-
ing, unextracted sample or by 
differential gel electrophoresis 
(DIGE) using Cy3 and Cy5 to 
label the extracted and starting, 
unextracted samples (Figure 2). 
The coverage is assessed by the 
number of HCPs in the AAE 
elution fraction (silver stain or 
Cy3 labeled) compared to those 
seen in the 2D PAGE of the 
starting antigen sample (silver 
stain or Cy5 labeled).  

Combining AAE with mass 
spectrometr y (AAE-MS™) 

for HCP antibody coverage 
analysis is a powerful method 
which in addition to % cover-
age, identifies HCPs in the har-
vest material and HCPs reactive 
with the antibody and yields 
protein molecular weight and 
pI (isoelectric point) informa-
tion (Figure 3). Importantly, 
AAE-MS is the only method 
that can reliably assess HCP 
antibody coverage when the 
only available sample is a prod-
uct (drug substance) contain-
ing harvest material and not the 
clarified culture fluid (CCF) 
derived from a null cell line.

 It is important to note that 
for the same anti-HCP anti-
body and process, coverage 
percentage depends on the 
assessment method and can sig-
nificantly differ between various 
methods. Numerical coverage 
comparisons should be used 
with caution because of the 
many method variables and the 
art required to reproduce results, 
even with the same reagents in 
the same laboratory. Because 
of this variability, the results 
are best evaluated qualitatively 
(Figure 4). The main purpose of 
HCP antibody coverage analysis 
is to demonstrate that the anti-
body is broadly reactive to an 
array of HCPs that may poten-
tially co-purify with a drug 
substance in a given process. To 

demonstrate that HCP ELISA 
is fit for purpose, the assay has 
to be qualified for dilution lin-
earity, accuracy, and precision. 

Cygnus Technologies, part 
of Maravai LifeSciences, offers 
generic HCP ELISA Kits for 
23 different expression plat-
forms, advanced orthogonal 
antibody coverage analysis ser-
vices, HCP identification in 
process samples and drug sub-
stances by AAE-MS, generic 
assay qualification services, and 
expert process-specific antibody 
and assay development services. 
Cygnus’ reputation for quality is 
recognized by the industry and 
global regulatory agencies, with 
several generic HCP ELISA 
Kits supporting marketed bio-
logics. Cygnus’ proprietar y 
technology has also been uti-
lized to develop over 100 pro-
cess-specific antibodies and 
immunoassays for many global 
biopharmaceutical companies.
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Figure 4. Coverage is dependent on evaluation method.

ELISA pAb Coverage is Highly Dependent on Detection Method

2D WB = 50-60%

AAE-2D PAGE
Silver = 65-80%

Fluorescent = 70-80%

AAE-MS = 70-90%
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Stability Testing of Protein 
Therapeutics Using DLS

Dynamic light scattering presents a good 
analytical technique for testing protein stability.

FELIZA MIRASOL

D ynamic light scattering (DLS) is a well-known 
technique for determining sample interactions, par-
ticle size, and aggregation of molecules dispersed or 

dissolved in solution. The technique can also be a reliable 
method for characterizing protein stability (1). 

Among the most challenging aspects of conducting ana-
lytical stability studies on protein therapeutics is protein 
instability, which can be caused by many different mecha-
nisms, says Hanna Jankevics-Jones, PhD, segment manager, 
pharmaceuticals, at Malvern Panalytical. A change in the 
local environment around the protein, such as change in 
pH, ionic strength, or temperature, or an external factor; for 
example, agitation, can cause stress that affects the non-co-
valent bonds in the protein’s structure. These stresses can 
reduce or increase the strength of these non-covalent bonds 
(depending on the magnitude and direction of change) and 
thereby affect the likelihood of the protein maintaining its 
structure and stability, she explains. 

“If the stresses are significant enough to cause unfolding, 
this often manifests itself in secondary effects, such as pro-
tein aggregation,” she adds.  

Hanna Jankevics-Jones also notes that many analytical 
techniques used in stability studies measure the secondary 
effects of instability, such as aggregation, rather than the 
primary cause of instability, such as reduced repulsion due to 
increased ionic concentration in the buffer. “A combination 
of analytical techniques is often needed to better understand 
or pinpoint the likely cause of instability and identify poten-
tial remedies,” she states. 

Another challenge with protein therapeutics is that 
they are quite complex molecules, remarks John Bak, 
principal scientist, at PPD Laboratories GMP Lab. 
Proteins are more f ragile than typical small-molecule 
therapeutics, and their function depends not only on 
their chemical identity (primary structure), but on the 
shape of the molecule (secondary and tertiary structures), 
and even multi-subunit proteins (quaternary structure). 
Proteins are, in addition, particularly sensitive to tem-
perature changes, pH, and conductivity, he says. It is thus 
imperative that proteins be reconstituted and/or diluted 
with a diluent in an ionic environment in which the pro-
tein is stable. “Ensuring that the proteins are produced in 

Analytics
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the proper form, and that the form 
remains stable all the way from pro-
duction to the patient, is required,” 
he states.

Because a stability study involves 
setting aside quantities of candidate 
formulations for long periods of time 
to evaluate shelf life, it becomes essen-
tial to minimize the number of candi-
dates and pre-optimize the selection 
as much as possible, adds Dan Some, 
principal scientist at Wyatt. “This pro-
cess reduces the risk of not finding a 
suitably stable formulation and con-
sequently delaying commercialization. 
Effectively screening a wide range of 
formulations in order to select the best 
candidates for long-term stability stud-
ies is a major challenge.” 

OVERCOMING 
PROTEIN CHALLENGES
DLS, also known as photon correlation 
spectroscopy (PCS) or quasi-elastic 
light scattering (QELS), is just one 
analytical technique that can offer a 
solution to the challenges of studying 
protein therapeutics to determine their 
stability, says Bak. For ideal samples, 
DLS has sensitivity starting at a few 
nanometers. For instance, he points 
out, one can see sodium dodecyl sul-
fate (SDS) micelles at about 4 nm. 
The upper range of detection is about 
1000 nm or more, depending on how 
quickly particles settle. In comparison, 
laser diffraction methods tend to lose 
sensitivity under 100 nm, and electron 
microscopy or X-ray methods tend to 
have more difficult sample preparation 
and cannot always be performed in 
solution. DLS, however, can provide 
measurements in a few minutes using 
under 100 µL of solution, Bak explains.

“A protein is far from an ideal scat-
terer,” remarks Eric Olson, senior 
research scientist at PPD Laboratories 
GMP Lab. “Proteins are not hard 
spheres, but instead deformable and 
porous, so many of the assumptions 
of DLS are broken. For instance, 
DLS assumes particles are moving by 

Brownian motion, but, since proteins 
are not hard spheres, the collisions 
with solvent molecules could be con-
sidered inelastic rather than elastic,” 
he states. Olson uses the example of 
punching a pillow instead of a basket-
ball to illustrate the difference between 
protein and small-molecule detection 
using DLS. “Some of the energy is 
lost in the collision as it deforms the 
protein instead of sending it flying in a 
different direction,” he says.

Proteins may not be ideal scatter-
ers, Bak chimes in, but DLS can still 
be used to measure them, although it 
will not have the same sensitivity as 
with more ideal particles. “Typically, a 
protein will need to have a minimum 
diameter of several tens of nanometers 
to be detected. The sensitivity of a pro-
tein will depend on several factors: the 
relative refractive index; optical den-
sity; and the relative degree of hydration 
inside the structure of the protein to 
name a few. A very rough estimate of 
the radius (not diameter) of a globular 
protein is the cube root of its molecular 
weight in kilodaltons,” he emphasizes.

Meanwhile, sample preparation is 
also a significant issue in that the struc-
ture of the protein cannot be allowed 
to change in response to preparing the 
test solution, Olson points out. “Ideally, 
the sample should be measured neat. If 
it needs to be diluted, the formulation 
buffer should be used to keep the envi-
ronment the same. Temperature is also 
an issue, so it must be controlled as well, 
though most modern instruments will 
do that,” he says.

In stability studies, DLS plays two 
major roles, says Some. One is to 
detect large aggregates in the course 
of long-term stability studies—aggre-
gates that are too large for size-ex-
clusion chromatography (SEC). The 
second role is the most important, he 
notes, which is to screen a matrix of 
formulations to identify those that are 
most likely to succeed in the course of 
long-term stability and other stability 
stress tests. 

Some points to several different 
measurements that can be made with 
DLS to quantify stability predictors 
and help optimize the candidate 
selection process: aggregation, col-
loidal stability, thermal stability, and 
conformational stability: 

• Size distributions measured by 
DLS —these measu rements 
are useful in determining the 
average protein size and detecting 
the presence of small and large 
aggregates. A relatively large 
average size may be indicative 
of physical instability, and the 
presence of aggregates is a 
definitive sign of poor formulation.

• Measurement of kD (diffusion 
interaction parameter)—this 
parameter is derived f rom the 
change in diffusion coefficient 
( d e t e r m i n e d  d i r e c t l y  b y 
DLS) with increasing protein 
concentration and provides a 
measure of colloidal stability. 
Formulations with poor colloidal 
stability cannot be expected to do 
well over the long term.

• Accelerated stability tests–these 
tests hold the formulation at an 
elevated temperature, typically 
4 0  ° C , w h i l e  m on i t o r i n g 
aggregation rate. DLS provides 
rapid feedback on aggregate 
content of the solution, and the 
measurement cell may be held 
at temperature for extended 
periods, making this method a 
core predictor of stability, one 
that is fully enabled by DLS.

• Temperature ramp experiment—
here, DLS monitors the change 
in size and molar mass of a 
protein solution as a function of 
temperature. The temperatures that 
experience the onset of unfolding 
(Tonset) and aggregation (Tagg) are 
also considered key predictors of 
stability.

• Isothermal chemical denaturation—
DLS can also be used to monitor 
conformational stability via 
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isothermal chemical denaturation. 
In this technique, the size of the 
protein is measured as a function of 
the amount of a denaturant, such 
as urea or guanidine hydrochloric 
acid, added to the formulation, 
which causes the protein to unfold. 
A higher resistance to chemical 
denaturation is a sign of higher 
conformational stability.

• Other DLS-based techniques—
other techniques are being 
developed to provide more 
robust formulation ranking. A 
technique published in 2018 (2) 
monitors the protein size upon 
denaturation and subsequent 
dilution back to near-formulation 
conditions. According to the 
study, proteins that are more 
stable tend to refold more 
compactly as the degree of 
denaturation is reduced.

DLS’ sensitivity is based on the 
impact of particle size change on the 
amount of light that particle scatters, 
adds Jankevics-Jones. The light scat-
tered by particles in the typical size 
range for proteins “scales as the sixth 
power of the particle diameter, mean-
ing that even a small change, such as 
the formation of dimers from mono-
mers, can be detected by an increase in 
light scattering,” she states. 

A COMBINATION 
OF TECHNIQUES? 
DLS alone, however, is not sufficient 
as a standalone analytical technique 
to evaluate protein stability studies, 
Jankevics-Jones further states. “As pre-
viously mentioned, DLS reports on 
aggregation, which is really an indi-
cator for many types of instability. It 
should therefore be applied as part of a 
portfolio of techniques whose data can 
be used collectively to identify degra-
dation pathways or compare stability 
under different environmental condi-
tions,” she says. An example would be 
the use of DLS in combination with 
differential scanning calorimetry 

(DSC) to cross-correlate any aggrega-
tion reported by DLS with changes in 
the higher-order structure and content 
of folded protein material, she adds. 

The level of complexity in pro-
tein molecules requires the use of 
many other technologies in addi-
tion to those used in the develop-
ment of small-molecule therapeutics, 
Olson says. Including other ana-
lytical detection technologies can 
help ensure that the different lev-
els of protein structure are main-
tained for the highest therapeutic 
efficacy, safety, and quality. “One 
property of proteins in solution that 
can be monitored is the particle size.  
Particle size is difficult because pro-
teins can be small. They range in 
size from a few nanometers to tens 
of nanometers for individual mole-
cules and up to hundreds of nano-
meters for multi-subunit structures,” 
Olson explains. 

“Full characterization of a protein 
therapeutic requires a large battery 
of tests,” Bak concurs. “Focusing 
only on particle size, an excellent 
way to improve the performance of 
DLS is to use it as a detector on a 
separation technique such as SEC or 
field flow fractionation,” he says. Bak 
explains that the limitations on the 
minimum size that can be detected 
will still be there and will be exacer-
bated with the sample going through 
a separation; the concentration will 
be lower, so there will be less sig-
nal generated for the DLS detector. 
“When it does work though, we can 
use the particle size as a rough check 
on the molecular weights reported 
by SEC,” he says.

In long-term storage studies, DLS 
is primarily useful for its ability to 
quickly detect large aggregates, adds 
Some. Some also agrees that DLS 
needs to be combined with other 
analytical  techniques, inc luding 
SEC coupled to multi-angle light 
scattering (SEC–MALS), which 
identifies  smal l  aggregates  and 

f ragments; field-flow f ractionation 
coupled to multi-angle light scatter-
ing (FFF–MALS), which provides 
detailed information on both small 
and large aggregates; various types 
of high-performance liquid chroma-
tography (HPLC) coupled to mass 
spectrometry to identify chemical 
degradation; and other techniques 
that can identify modifications such 
as charge variants. 

“In the preliminary candidate 
selection process, DLS should be 
combined with SEC for f ragment/
aggregate quantification and tech-
niques mentioned above that evalu-
ate chemical degradation, especially 
with respect to the different stress 
tests. It may also be valuable to add 
dye-based extrinsic fluorescence 
assays that can detect changes in 
hydrophobicity and significantly 
small amounts of aggregates,” Some 
says. He further adds that another 
commonly used analytical  tech-
nique during this stage is differen-
tial scanning calorimetry, which is 
considered the “gold standard” for 
measuring the protein melting onset 
temperature of each domain in a 
multi-domain protein.

ROOM FOR IMPROVEMENT
An important area of improvement 
for DLS is that the technique can use 
multi-angle detectors. Olson says that 
most DLS instruments only have one 
angle of detection; however, by using 
multiple angles one can more accurately 
perform molecular weight measure-
ments and measure the radius of gyration. 
These measurements would help account 
for particles that are not spherical, he 
states. In addition, using a green or vio-
let laser will increase light scatter and 
improve sensitivity as well as resolution. 

“The one drawback of green and violet 
lasers is that any fluorescence caused by 
them would interfere with the DLS mea-
surement,” Olson cautions.
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Rapid changeovers for multiple campaigns  
means reduced downtime and more efficient  
cleaning validation.

Since developing and patenting its single-use aseptic fill finish 
isolator in 2017, Solo Containment has expanded its offering to 
accommodate small-batch hand-fill, semi-automated, and high-

volume sterile isolator technologies. Declan O’Shea, technical sales 
manager at Solo Containment, an ILC Dover Company, recently told 
BioPharm International that by using a flexible film system, customers 
can leverage the benefits of zero cleaning validation and rapid 
campaign changeovers versus using a traditional stainless-steel isolator. 

BIOPHARM INTERNATIONAL: How does a disposable aseptic 
processing isolator work?

O’SHEA: We have a couple of aseptic processing isolators, depending 
on the function of the process that our customers need. We have 
a truly single-use version that has bonded-in filters as well as pre-
installed equipment that can be sterilized in several different ways. 
We also have a larger version, which is more like the conventional 
aseptic processing isolators. It is about 75% disposable and works the 
same way as a stainless-steel isolator, but is easier on the cleaning 
validation side.

BIOPHARM INTERNATIONAL: Can these isolators be sterilized in a 
traditional manner?

O’SHEA: Yes, they can. Essentially, the most traditional manner of 
sterilization would be via vaporized hydrogen peroxide (VHP), which 
is easily integrated with our aseptic processing isolator solutions. We 
also have the capability with Solo Pure to provide a gamma-irradiated 
single-use system. In this case, we pre-install biological indicators 
and isokinetic probes before the irradiation process to ensure that 
everything inside is sterilized. This is a great benefit for customers 
because VHP sterilization of the isolator is then not required on site.

BIOPHARM INTERNATIONAL: Has this gamma irradiation process 
been validated for a single-use system?

O’SHEA: Yes, we have run through several sterility tests and trails with 
isolator film enclosure before providing the final system to our first 
client in France. We undertook a lot of validation work using the same 
irradiation facility used for all our irradiation requirements. We ran 
multiple irradiation runs, with different film enclosures to ensure that 
the results we consistent. Because we manufacture film enclosures to 

Disposable Aseptic  
Isolator Technology the same design specification, the validation carries 

through to subsequent film enclosures supplied.

BIOPHARM INTERNATIONAL: What types of 
organizations are best suited for this technology?

O’SHEA: We’re finding smaller companies are 
getting into the sterile manufacturing field for the 
first time. Many are involved in the industry already, 
but use a third party to perform sterile filling and 
want to move that process in house. However, we do 
find that you can have great technology transfer into 
larger facilities, moving from the hand-fill Solo Pure 
isolates system to the larger, semi-automated, fully 
automated Solo Uni systems, which can handle more 
vials per hour. Both customer types benefit from a 
lower cost and a shorter lead time perspective.

BIOPHARM INTERNATIONAL: With these isolators 
being made of a film material, is there flexibility 
for equipment upgrades or design changes as 
campaigns progress?

O’SHEA: It’s actually one of the larger benefits 
that we’ve seen. Our smaller customers often 
have various requests from their clients to run 
different sorts of processes. Some suppliers may 
offer multiple isolator systems to handle multiple 
processes. However, our film material is set up and 
replaced on a campaign basis. We can change the 
design of that film, change the glove positions, and 
integrate different pieces of equipment as needed. 

BIOPHARM INTERNATIONAL: Can the flexible 
system still achieve the same functionality as a 
conventional stainless-steel isolator system?

O’SHEA: We designed this based on what a 
conventional stainless-steel system does. We bring 
our prior expertise in containment systems from 
a potent material perspective, using the flexible 
film to essentially mimic and improve upon what 
stainless-steel systems achieve. You have the same 
principles of the Grade A unidirectional airflow. You 
have the same capability with the VPH sterilization. 
Using the same entry and exit methods using 
rapid transfer ports and the same kind of sterile 
connection interfaces with peristaltic pumps and 
other equipment. This comes down to having a 
big benefit from a cost lead time and modification 
perspective when clients are looking at different 
processes. Because we are simply replacing the 
stainless steel with film, it works out well in the end.

BIOPHARM INTERNATIONAL: How do the costs 
of this system compare with the classic stainless-
steel aseptic isolator?

O’SHEA: Through the research we’ve done and the 
observations we’ve made in the industry over the 
past four years, we see an upfront, direct capital 
expenditure saving, especially for the smaller 
customers who are getting into this for the first 
time and don’t have millions of dollars in capital 
funds. We take out the stainless-steel fabrication 
and replace it with the flexible film, which creates an 
enormous cost saving moving forward.

Then there are the ongoing cleaning service 
requirements for the stainless-steel variations. With our 
film versions, you simply replace the film. There is very 
little else to maintain in terms of the control system that 
powers the airflow and the sterilization. Users will find 
there is very little downtime between campaigns. There 
may be half a day of downtime to replace the film and 
the filters and then you can set up another unit and 
be on your way. Compare this to lost revenue from 
the days of downtime required to clean and validate a 
system with a large internal surface area. 

There are also modification costs. We would like to 
modify these isolators to fit the process and change 
them two or three times a year if the customer 
needs it. Once the design is there, all we have to 
do is manufacture a different film and they can 
use it with a different process. A stainless-steel 
variation can be a nightmare to change, remove, 
or add a glove in the system, let alone change over 
for a totally different process. The sheer benefit of a 
flexible film system over a standard stainless-steel 
system equates to faster setup. Customers can get 
down to business and start making money a lot 
quicker than if using alternative systems that take 
months to deliver, install, and qualify.

https://www.ilcdover.com
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be on your way. Compare this to lost revenue from 
the days of downtime required to clean and validate a 
system with a large internal surface area. 

There are also modification costs. We would like to 
modify these isolators to fit the process and change 
them two or three times a year if the customer 
needs it. Once the design is there, all we have to 
do is manufacture a different film and they can 
use it with a different process. A stainless-steel 
variation can be a nightmare to change, remove, 
or add a glove in the system, let alone change over 
for a totally different process. The sheer benefit of a 
flexible film system over a standard stainless-steel 
system equates to faster setup. Customers can get 
down to business and start making money a lot 
quicker than if using alternative systems that take 
months to deliver, install, and qualify.



46     BioPharm International April 2021   www.biopharminternational.com

“Other techniques that can access 
this size range also include analyti-
cal ultra-centrifugation and resonant 
mass measurement. X-ray (SAXS) and 
neutron scattering (SANS) are used 
for micelle work and can be applied to 
proteins. Each of these techniques has 
its strengths and weaknesses, but they 
can be considered for use,” says Olson.

Meanwhile, another technique 
that  uses  Brownian mot ion i s 
nanoparticle tracking analysis, adds 
Bak. Rather than monitoring light 
scatter intensity, a camera moni-
tors the locations where particles 
are emitting scattered light and ana-
lyzes their Brownian motion, allowing 
for the sizing of individual particles. 
“Unfortunately, it is much less sensitive 
than DLS, so it only will detect larger 
proteins, starting at about 75 nm to 
100 nm. For larger aggregates in the 
micron size range, flow microscopy 
can be used,” he states. 

“DLS can often be a bit of a black 
box in that it’s easy to get a quantity 
out, but much harder to confirm that 
the value is correct and not subject to 
experimental artifacts, so as to filter 
out any poor data,” states Some, who 
points out that one of the main chal-
lenges for DLS users sifting through 
high-throughput experiments is to 
receive robust indications from the 
software that the results are valid, 
when they have many measurements 
yet to review. 

Furthermore, DLS is extremely 
sensitive to the presence of small 
amounts of aggregates forming in 
the sample because of the light scat-
tering’s dependency on size, which 
means that even tiny changes are 
magnified in the millions, Jankevics-
Jones says. This extreme sensitivity 
can, however, also be a drawback 
for DLS as a technique, as low lev-
els of contamination can influence 
DLS measurements. “This has, up to 
recently, meant that sample handling 

has had to be meticulous in order to 
avoid any extraneous contamination,” 
she says. 

“Recent developments have meant 
that the analysis algorithms applied to 
collect and analyze DLS data, such as 
adaptive correlation (3), have become 
‘cleverer’, scanning the profile of a 
sample at all times and identifying 
those particle populations that can 
be detected only occasionally. This 
reduces the likelihood of results being 
skewed by extraneous contaminants. 
It also extends the application of the 
method to novel, challenging modal-
ities, such as gene therapy vectors and 
next-generation vaccines,” Jankevics-
Jones explains. 
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might be beneficial. However, it does 
not always follow that an active ingredi-
ent that is stable in a liquid formulation 
for intravenous delivery can demonstrate 
stability when delivered by inhalation.

It is possible that an existing formu-
lation can be nebulized; however, it is 
more likely that it will require reformu-
lation. The indication will impact the 
choice of the delivery method/device 
to be used. This will then dictate the 
presentation and formulation choices. 
Each presents a novel challenge: sta-
bility as a dry powder formulation in 
a moisture-free environment versus 
sensitivity of liquid formulations, to 
shear forces during nebulization. This 
presents an opportunity to simplify the 
existing formulation, for example, to 
remove excipients, such as buffer salts 
or non-reducing sugars used to stabilize 
spray-dried/lyophilized proteins.

Creating a suitable formulation for 
the chosen delivery system will require 
an integrated approach between ana-
lytical scientists, process experts, and 
device engineers to be successful.

REGULATORY CHALLENGES
BioPharm: Are there any regulatory 
challenges that developers should con-
sider when approaching inhaled bio-
logics?

Oliver (Vectura): There are sig-
nificant regulatory challenges in this 
area, and with so few approved inhaled 
biologics published, FDA guidance 
is limited. The FDA guidance for 
metered dose inhalers and DPIs used 
for small-molecule drugs was updated 
and a new draft issued in April 2018, 
while the guidance on ‘nasal spray and 
inhalation solution, suspension, and 
spray drug products’ was finalized in 
July 2002 (4,5).

The inhalation field continues 
to progress significantly. Industry 

groups, such as The International 
Pharmaceutical Aerosol Consortium on 
Regulation & Science and European 
Pharmaceutical Aerosol Group, which 
Vectura supports, are working to estab-
lish best practice for innovators in 
the development and registration of 
inhaled biologics.
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Supply Chain Challenges  
Creating Hurdles to COVID-19  

Vaccine Production
The availability of materials is a critical factor when it 

comes to vaccine capacity.
JONATHAN DAKIN

M onumental challenges are facing manufacturers, 
contract development and manufacturing orga-
nizations (CDMOs), and suppliers during the 

evolving situation in the manufacture of COVID-19 vac-
cines. BioPlan Associates interviewed front-line biopro-
cessing decision-makers to assess and highlight the general 
bioprocessing, raw materials, and supply chain challenges 
associated with COVID-19 vaccines, together with need for 
approaches to moderate risks and avoid delays. The follow-
ing are key challenges for COVID-19 vaccine manufactur-
ing and supply chains.

AVAILABILITY OF MATERIALS
The most critical factor raised in regard to COVID-19 vaccine 
manufacturing has been the availability of materials. While this 
has not been entirely unexpected, the delays and challenges have 
stressed the supply chain severely. From basic raw materials (e.g., 
buffers, resins, sodium chloride), to consumables (e.g., single-use 

bags, tubing, sterile filters) and fill/finish (e.g., vials, stoppers)—
these all need to be available and in place for the system to func-
tion. Delays for delivery of some of these materials are forecast 
to be 12 or 15 months; sterile filters delivery times have been 
extended from 2–3 months to 9–12 months; lead-times also 
have extended for media and chemicals. And while some sup-
pliers have the ability to expand with flex-capacity—a glass vials 
supplier is increasing output by five times—most do not.

Where suppliers can’t supply, they’re making priorities. 
The common view was that one needs to see the whole 
picture of demand with critical stock available for everyone 
to access. This ‘emergency’ supply chain management is new 
to the industry and is evolving. Suppliers are used to having 
known, predictable demand. As demand has increased con-
siderably, old methods are now ineffective. For users, it is not 

JONATHAN DAKIN is a collaborator with BioPlan Associates, Inc.
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straightforward to bring on and qual-
ify new suppliers. There are some key 
materials (e.g., vials, syringes, stoppers, 
seals) from a limited number of suppli-
ers, which limits flexibility to increase 
the supplier base.

With suppliers setting priorities, com-
panies are receiving notifications (e.g., 
single-use materials, resins) to re-con-
firm and re-route deliveries. There’s the 
risk of over-ordering and creating safety 
stocks, which creates inefficiencies across 
the industry.

Recognizing how interconnected 
the bio/pharma industry is, and how 
shortages in one area affect other 
medicines, is critical to defining any 
solution for improving materials distri-
bution and logistics.

PEOPLE AND WAYS  
OF WORKING:  
IMPACT OF COVID-19
During the COVID-19 crisis, it’s been 
a challenge simply to keep manufac-
turing facilities open and running. One 
company with seven sites, all of which 
needed to be kept open, developed new 
ways of working. This experience has, 
of course, accelerated implementation 
of remote working practices, previously 
seen as having significant blockers.

Starting in mid-2020, the biopro-
cessing industry performed an impres-
sive and rapid response to transfer and 
scale-up despite lack of clarity on basic 
information (e.g., on final formulation, 
stability data, dosage, and volumes). 
In addition, forecasting has been dif-
ficult; the volume and scales required 
for COVID-19 vaccines and thera-
pies are a new experience for many 
companies. In one example, with work 
starting in mid 2020, the first commer-
cial-scale vaccine material under good 
manufacturing practice (GMP) was 
produced in November 2020. However, 
this speed of response has resulted in 
less-than-optimal processes requiring 
further work to improve robustness of 
the process, and to respond to increas-
ing demand volumes.

The industry also needs to consider 
‘people resources’ capacity. Bio/pharma 
companies need people with the right 
education and pharma-specific skills. 
It is now near-impossible to source 
expertise across regions—both for 
manufacturing and support functions.

MANUFACTURING CAPACITY  
AND SUPPLY CHAIN
The overall view of those interviewed 
is that COVID-19 challenges are 
likely more centered on the fill/finish 
activities rather than drug substance 
manufacture. With low dosing, rela-
tively small amounts of active product 
are needed to then manufacture large 
volumes of drug product.

Even before the pandemic, there has 
been experience of shortages of bio-
logical manufacturing equipment and 
supplies (e.g., bioreactors, single-use 
devices, analytical support), as orga-
nizations planned against a changing 
product and service portfolio. The abil-
ity to respond is now compromised, 
as travel restrictions make it difficult 
to have vendors on site to install and 
qualify new equipment (e.g., filling 
lines). One company BioPlan spoke 
with estimated a one-year delay to 
commission new facilities.

For processing capacity, the chal-
lenge is probably not stainless-steel 
vessels, because many vaccines are pro-
duced via single-use systems. In terms of 
global capacity, there does not seem to 
be an overall or strategic view of capac-
ity availability and awareness of capacity 
builds; a better overview and coordination 
of demand and capacity across the bio/
pharma industry is needed. The ad hoc 
approach to bioproduction of the vari-
ous vaccines in development and in pro-
duction has, and will continue to, lead to 
competition for raw materials, consum-
ables, and supplies. 

For COVID-19, the industry has come 
together in the short/medium term on 
the technical side, but this collaboration is 
limited in terms of resource allocation and 
supply of materials, both for COVID-19 

and other medicines. The concern is how 
sustainable these technical collaborations 
may be in the longer term. What will 
normal capabilities be after the pandemic? 

For example, the bio/pharma industry 
has focused on COVID-19 and this has 
been well supported by in-house quality 
assurance and regulatory functions and 
the regulatory authorities. This enabled 
accelerated approval and rapid product 
clearance for patients. COVID-19 vac-
cine production is creating significant 
bottlenecks in the biologics supply 
chain, and it’s unclear how this may 
be impacting the wider portfolio with 
other products in development and 
already in commercial supply.

EXISTING AND NEW BUSINESS
Bio/pharma businesses continue to 
look to grow through increased capac-
ity to meet existing customer demands 
(e.g., as CDMO service providers and 
to manufacture biosimilars). There has 
been significant new demand (drug 
substance and product) since mid-2020 
in response to COVID-19. The ability 
to respond can be in direct competi-
tion to existing business, made more 
challenging with the high expectation 
on speed of response. From an overall 
business perspective, there’s clearly the 
challenge to respond to COVID-19, 
but also continue to supply other medi-
cines and treat other ill patients.

Investors (including government) 
have been providing financial support 
and are taking risks to support the 
development of COVID-19 vaccines 
and therapies. It seems, however, that 
the cost of goods and sales price have 
not been significant drivers. The busi-
ness is being driven by the need to 
reopen the world; this drive and invest-
ment has enabled access to, and speed 
of, the COVID-19 supply chain.

INCREASING  
CAPACITY DEMANDS
The overall view of manufacturers 
interviewed is that there may be suf-
ficient (even if near 100%) available 
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bioproduction capacity, if it could be efficiently coordinated. 
Despite capacity being available around the world, issues of 
intellectual property, regulatory factors, and quality challenges 
must be rapidly resolved in order to make capacity useable. 
The challenge here is how to become more flexible with how 
existing, available capacity is used and maintain a balance 
across the whole product portfolio.

For example, there’s the potential renaissance of the stain-
less-steel vessel as an enabler of mass production. Clients 
want to avoid shortages, and there seems some movement 
back to stainless rather than single-use systems, if technically 
feasible. There is the view from some that even if external 
capacity is available, some companies would still prefer to 
develop in-house, rather than have the delays (greater than 
six months) of qualification and technology transfer to a 
third party. For some organizations, there’s the preference 
to ramp up production capacity and scale up capabilities 
internally. There are, for example, some domestic facilities in 
China that have considered offering GMP large-scale capac-
ity to the production of vaccines in order to create access to 
international markets. Despite the challenges in drug sub-
stance manufacture, the industry explicitly needs adequate 
fill/finish capacity to meet increasing global volumes for 
vaccines and other therapeutics that are being sidelined for 
vaccines production.

The bio/pharma industry has gained experience and efficiency 
over the past three decades, but nothing could have prepared it 
for the dramatic impact of the COVID-19 pandemic. Yet, it has 
risen to the crisis with remarkable speed. From development to 
vaccine delivery, the industry has created a scientific equivalent 
of the Wirtschaftswunder, the rapid reconstruction of German 
industry following World War II. 

Yet this has not been without impact on the underlying 
industry. One of the key challenges the bio/pharma indus-

try has faced in recent times is manag-
ing and balancing its overall available 
capacity. Too much excess, or unused 
capacity, and costs can skyrocket. Too 
little capacity, and life-saving medicines 
do not get manufactured in time. Thus, 
measuring production capacity and 
capacity utilization has been important 
in assessing the industry’s ability to bal-
ance supply and demand. The pandemic 
exploded this delicate balance, and even 
manufacturers not directly impacted 
by the pandemic were finding a ripple 
effect as projects displaced by COVID-19 
ended up with other producers. 

F igure 1  shows data  f rom 
BioPlan’s 17th Annual Report and 
Survey of Biomanufacturing Capacity 

and Production (1). It shows the average production capac-
ity in various bioprocessing platforms, by biotherapeutic 
developers, and by contract manufacturing organizations 
(CMOs). For reference, 17 years ago, in 2004, mammalian 
cell culture capacity utilization was 76.4% (vs 68.2% just 
prior to the pandemic). However, in 2004, the industry 
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Figure 1. Average production as % operating capacity, biotherapeutic 
developers vs. contract manufacturing organizations (CMOs), 2020  
(pre-pandemic). 
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news was about the disastrous ‘capac-
ity crunch’ the imbalance between 
demand for production capacity and 
what had been built at the time. Today, 
some have projected short-term capac-
ity utilization for vaccines production 
significantly higher than during that 
‘crunch’ period. While COVID-19 vac-
cines production is a transient event, 
the impact is real, and likely to be 
long-lasting. As COVID-19 projects 
displace existing or pending drug pro-
duction, many non-COVID clinical 
trials are at risk for delays. This affects 
patients, companies, and investors. 

PROCESS AND SUPPLY  
CHAIN EFFICIENCIES
Rather than building and qualifying new 
facilities or outsourcing, another strategy 
to increase capacity is to improve process 
efficiencies and robustness. This problem 
has increased due to accelerated devel-
opment and approvals; processes are not 
developed for mass volumes. A solution is 
needed to improve capabilities to deliver 
better processes. This includes consid-
ering planning the process and the scale 
up in order to manage the capacity now, 
through, and after the pandemic.

The same may be said about 
improving efficiencies across the sup-
ply chain. In discussion with industry 
experts, there’s the belief that there are 
opportunities to increase supply chain 
speed further in addition to the accel-
erated approvals seen via regulatory 
authorities’ fast-track approvals.

INDUSTRY INITIATIVES TO 
OPTIMIZE MANUFACTURING 
AND SUPPLY CHAINS
Most experts interviewed were not 
involved in or aware of significant ini-
tiatives underway to optimize supply 
chains; there is a lack of transparency 
to share issues and information in real 
time. There was some variance in views 
as to whether the industry should 
coordinate ‘pandemic preparedness’; 
the industry has responded well with 
little apparent formal coordination.

There seems desire to align across 
the industry, but the reality is that 
companies are likely to still want to 
keep to their own practices. It’s been 
difficult to ‘predict the race’. With 
the variety of organizations and 
approaches, it would be very diffi-
cult to standardize longer-term pre-
paredness. Some organizations have 
experienced significant growth due to 
COVID-19, but again this introduces 
more complexity to establish industry 
best practices and approaches.

Industry groups are working in this 
space (e.g., cross-industry forecasting). 
There are ongoing challenges to secure 
adoption of new ways of working, due 
to legacy regulatory and quality/com-
pliance practices and established orga-
nizational culture. Some respondents 
expressed concern that after the emer-
gency, the industry will go back to its 
normal ways of working.

CONCLUSION
The most critical factor raised regard-
ing vaccine capacity has been the avail-
ability of materials. The industry must 
see the whole picture of demand with 
critical stock available for all stake-
holders to access.  With this holistic 
view, there should be better under-
standing of how supply chain chal-
lenges create shortages and how then 
to prioritize certain medicines and 
organization resources.

COVID-19 response has acceler-
ated implementation of new ways of 
working, but will these new approaches 
stick after the pandemic?

The ability of a company to respond to 
COVID-19 can be in direct competition 
to existing business. It’s unclear what the 
impact is on the wider portfolio with 
other products in development and in 
commercial supply. Speed of response has 
resulted in non-ideal processes requir-
ing further improvement to respond to 
increasing demand volumes. The solution 
is not just about making more capacity 
available, it’s more about capabilities to 
deliver better processes and supply chains.

Most experts interviewed were not 
involved or aware of significant ini-
tiatives underway to create long-term 
solutions to the problems that have 
surfaced regarding pandemic-level pro-
duction challenges. Part of this is the 
result of a lack of transparency to share 
issues and information in real time.

The industry needs a better over-
view and coordination of demand 
and capacity and a network to solve 
problems together. Industry needs to 
become more flexible with how capac-
ity is used—in particular, adequate fill/
finish capacity to meet increasing global 
volumes, including new products in 
development. It is unlikely that this will 
be the last pandemic the bio/pharma 
industry will need to respond to.
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