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Chairman’s Letter

W   as it natural zoonotic spillover that catapulted 
SARS-CoV-2 from an emerging virus into a 
pandemic pathogen or was it something much 

more sinister? Is it at all possible that a lab leak in Wuhan, 
China, was the spark that lit the fuse? Debate and discus-
sion about the origin of the virus that causes COVID-19 
have been at the forefront of the global consciousness 
since the f irst cases were reported in December 2019. 

Early on, whispers of a potentially engineered virus 
quickly grew to a roar and fueled speculation that China 
was behind the pandemic. This narrative was so pervasive 
that, in February 2020, a group of 27 public health scien-
tists published a letter in The Lancet disputing the lab leak 
theory and announcing their support of their counterparts 
in China: the scientists, public health off icials, and medi-
cal professionals combating the pandemic (1). 

“The rapid, open, and transparent sharing of data on 
this outbreak is now being threatened by rumors and mis-
information around its origins,” wrote the authors, who 
all declared no competing interests in their disclosures as 
recommended by the International Committee of Medical 
Journal Editors. “We stand together to strongly condemn 
conspiracy theories suggesting that COVID-19 does not 
have a natural origin.”

And although it ’s true that analyses of the genomic 
sequence of the virus subsequently pointed to natural ori-
gins, the questions regarding China’s role persisted, led by 
pesky discrepancies and conf licting reports. 

Fast forward to June 2021 and new evidence that has 
breathed new life into those origin questions. In an update 
to the February 2020 letter, The Lancet has published 
an addendum with revised disclosure statements from 
virologist and investigator Peter Daszak, one of the 27 
authors (2). In the revised document, Daszak noted that 
his remuneration is paid solely in the form of a salary 
from EcoHealth Alliance, a New York-based nonprof it 
research foundation of which he is president. The com-
pany has reportedly worked directly with Wuhan labo-
ratories and funded gain-of-function research at China’s 
Wuhan Institute of Virology. 

Consider, too, other odd associations. Recent reports 
have uncovered f inancia l t ies bet ween Google and 
EcoHealth Alliance. This comes after accusations that 
the tech giant was censoring lab leak “conspiracy theory” 
stories in its search results. Google’s health lead, David 
Feinberg, has dismissed those reports, insisting that the 

company is simply tak ing steps to protect users from 
unverif ied information.

Are these coincidences or “where there’s smoke, there’s 
f ire” situations? It’s unclear. But they add to the bank of 
troublesome questions standing in the way of the truth 
about COVID-19.

The questions extend beyond origin theory, though. With 
FDA’s green lighting of vaccines for adolescents and young 
adults comes hesitation over long-term effects: What is the 
effect on fertility? Do the vaccines cause heart inf lammation? 
Robert Malone, an mRNA researcher, appeared on televi-
sion recently, expressing strong concern over the risk-benefit 
analysis of vaccination for young adults (3), and the Centers 
for Disease Control and Prevention’s Advisory Committee 
on Immunization Practices recently met to discuss instances 
of myocarditis or pericarditis in people aged 30 and younger 
who have received an mRNA COVID-19 vaccine.

Of course, the answer to our ultimate question is that 
we may never know. 

We may never know where this virus came from. We 
may never know what tr iggered the global pandemic 
that has claimed more than 3.8 million lives. And we 
won’t know the long-term effects until enough time has 
elapsed. What we do know for certain is that the incredi-
ble strength and collaboration of the scientif ic community 
have allowed us to regain some semblance of normalcy. 
The development and rollout of multiple effective vaccine 
options have been the medical miracle of our lifetime. 

That, right now, will have to be the only answer that 
matters. 

REFERENCES
1. C. Calisher, et. al., The Lancet, 395 (10226) E42–E43 (March 7, 

2020).
2. Editors of The Lancet, “Addendum: Competing Interests 

and the Origins of SARS-CoV-2,” The Lancet, 397 (10293), 
P2449–2450 (June 26, 2021).

3. C. Creitz, “mRNA Vaccine Inventor Speaks Out on ‘Tucker’ 
After YouTube Deletes Video of Him Discussing Risks,” 
FoxNews.com, June 24, 2021. ◆

Thank you for reading,
Mike Hennessy, Sr.

Chairman and Founder
MJH Life Sciences™

https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(20)30418-9/fulltext
https://www.thelancet.com/journals/lancet/article/PIIS0140-6736(21)01377-5/fulltext
https://www.foxnews.com/media/tucker-carlson-mrna-vaccine-inventor
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F  ollowing a three-month review of 
vulnerabilities in the US supply chain 
for products important to national 

security, the Biden administration rolled 
out a broad initiative to promote domestic 
production of critical materials, including 
medicines and their ingredients. The initia-
tive calls for the Department of Health and 
Human Services (HHS) to establish a pub-
lic-private consortium for advanced pharma-
ceutical production to strengthen domestic 
competitiveness and supply chain resilience 
in this area (1). 

A detailed report by the White House pres-
ents strategies for preventing supply chain 
disruptions in several key industrial sectors. 
The broader aim is to ensure ready access for 
US manufacturers to semiconductor chips, 
rare earth elements, and large capacity bat-
teries for electric vehicles, as well as phar-
maceutical ingredients (2). Such gains will 
bolster America’s economic and national 
security and address transitory supply chain 

challenges. Continued US depen-
dence on key pharmaceutical prod-
ucts and APIs from overseas has 
been driven by pressures to lower 
costs, the report acknowledges, a 
situation that leaves the medical 
supply chain vulnerable and war-
rants new approaches to support 
domestic production. 

F DA  A c t i n g  C o m m i s s i o n e r 
Janet Woodcock applauded the 
announcement, noting that the 
COVID-19 pandemic revealed  “just 
how vulnerable the supply chain 

is” and that it is “essential for the national 
and health security and economic prosperity 
of the United States” (3). The White House 
report recommends actions long backed by 
Woodcock and other FDA officials, including 
a boost in local pharmaceutical production, 
R&D to advance innovative manufacturing 
technologies, robust quality management 
maturity to support reliable drug manufac-
turing, and leveraging data to improve supply 
chain resilience.  

To start, the HHS consortium will select 
50–100 critical drugs from the “essential 
medicines” list established by FDA, as part 
of an earlier federal initiative (4, 5). The aim 
is to advance the development of novel plat-
form technologies for domestic production 
of APIs, particularly those for widely used 
generic drugs. The initiative will be able to 
tap $60 million provided by the American 
Rescue Plan to spearhead investments in 
advanced manufacturing technologies, such 
as systems with on-demand manufacturing 
capabilities, to increase production of key 
pharmaceuticals and ingredients. 

FDA anticipates playing a prominent role 
in advancing these and other supply chain 

FDA anticipates playing a 
prominent role in advancing 

these and other supply 
chain resiliency initiatives.

Jill Wechsler 
is BioPharm International’s 

Washington editor,
 jillwechsler7@gmail.com.

HHS is tasked with establishing a public-private  
consortium for advanced domestic pharmaceutical production. 

White House Promotes US Drug  
Manufacturing to Secure Access to Vital Medicines
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resiliency initiatives and is work-
ing with other HHS agencies to 
develop a further plan for design-
ing and building the long-term 
capability for US-based manufac-
ture of supplies to combat future 
pandemics and biological threats 
(6). And to increase transparency 
of product sources throughout 
the pharmaceutical supply chain, 
HHS will seek legislative authority 
in two areas: the ability to track 
API sourcing and production by 
facility, and a requirement that 
all pharmaceuticals sold in the 
United States identify the sources 
of APIs and finished dosage forms 
on labeling. 

The supply chain security report 

acknowledges that the shift of drug 
manufacturing overseas, partic-
ularly for generic drug APIs, has 
reduced US costs by trillions of dol-
lars in the past decade, but has left 
the American health care system 
vulnerable to shortages of essen-
tial medicines. Change is needed, 
as the COVID-19 pandemic has 
highlighted the critical impor-
tance of a resilient US healthcare 
manufacturing sector and of the 
nation’s ability to rapidly develop 
and strengthen production of vital 
vaccines and medical products. 

REFERENCES
1. The White House, “FACT SHEET: Biden-

Harris Administration Announces 

Supply Chain Disruptions Task Force to 
Address Short-Term Supply Chain 
Discontinuities,” June 8, 2021. 

2. The White House, Building Resilient 
Supply Chains Revitalizing American 
Manufacturing, and Fostering Broad-
Based Growth, 100-Day Reviews under 
Executive Order 14017, June 2021.

3. HHS, “Biden Administration 
Recommends Policy Changes to Secure 
U.S. Pharmaceutical Supply Chain,” 
Press Release, June 8, 2021. 

4. FDA, “Executive Order 13944 List of 
Essential Medicines, Medical 
Countermeasures, and Critical Inputs,” 
www.FDA.gov., Jan. 1, 2021. 

5. FDA, “Drug and Biologic Essential 
Medicines, Medical Countermeasures, 
and Critical Inputs for the List 
Described in Section 3(c) of the 
Executive Order 13944,” FDA.gov. 

6. FDA, Executive Order 14017 on 
America’s Supply Chains, FDA.gov, 
June 8, 2021.◆

The US National Institute of Allergy and Infectious 
Diseases (NIAID) announced on June 17, 2021 (1) 
that the Biden administration will be investing more 
than $3 billion for the development and manufactur-
ing of antiviral medicines. 
The National Institutes of Health (NIH), NIAID, and 

the Biomedical Advanced Research and Development 
Authority (BARDA) will collaborate to respond to 
the urgent need for COVID-19 antivirals through the 
Antiviral Program for Pandemics. The plan will spur 
the availability of lifesaving COVID-19 medicines and 
prepare for future viral threats by building discovery 
and development platforms for antivirals for other 
viruses with the possibility of becoming a pandemic.

NIH will evaluate, prioritize, and advance antiviral 
candidates to Phase II clinical trials as part of the 
plan. More than $300 million will be provided for 
research and lab support, almost $1 billion will be 
provided for preclinical and clinical evaluation, and 
nearly $700 million will be provided for development 
and manufacturing through NIAID and BARDA. 

Additionally, $1.2 billion will support the creation 
of Antiviral Drug Discovery (AViDD) Centers for 
Pathogens of Pandemic Concern for the discovery 
and development of antiviral drugs. The centers will 
first target coronaviruses and then expand to other 
viruses with pandemic potential.
“New antivirals that prevent serious COVID-19 

illness and death, especially oral drugs that could 

be taken at home early in the course of disease, 
would be powerful tools for battling the pandemic 
and saving lives,” said Dr. Anthony Fauci, chief 
medical adviser to the President and NIAID Director, 
in a press release (1). “Through multidisciplinary 
collaborations among leading scientists in academia 
and industry, this investment from the American 
Rescue Plan to create the Antiviral Program for 
Pandemics will help inspire medical innovation and 
build on the extraordinary success we have seen in 
developing the COVID-19 vaccines.”
“This plan builds on the long, successful partnership 

between BARDA and NIH to develop vaccines, 
therapeutics and diagnostics, from combatting 
Ebola, anthrax and smallpox, to now tackling COVID-
19,” said BARDA Director Gary Disbrow, PhD, in the 
release. “Throughout this public health emergency, 
we have worked with industry to develop treatments 
to reduce severe illness, hospitalizations, and deaths, 
and this proposal will help us go even further to 
accelerate and deliver more safe and effective 
treatments that are easy to administer.”

Reference

1.  NIAID, “Biden Administration to Invest $3 Billion from 
American Rescue Plan as Part of COVID-19 Antiviral De-
velopment Strategy,” Press Release, June 17, 2021.

 —The editors of BioPharm International

Biden Administration Invests in Antiviral Medicines
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 Defining a Holistic Approach  
to mAb Purification Processes

Understanding the process and product goals is just  
the first step to a holistic approach to process development.

CYNTHIA A. CHALLENER

A dvances in upstream processing of monoclonal anti-
bodies (mAbs) have resulted in increasing titers, cell 
densities, and other properties that have challenged 

existing downstream processing operations. It is essential 
when developing downstream mAb purification processes to 
understand the product and process goals and focus on plat-
form solutions that offer the greatest throughput. 

Advances in both upstream and downstream technologies 
are helping to facilitate downstream processing of mAbs, but 
companies need to use a more holistic approach to process 
development and pursue various avenues of process intensifi-
cation if real progress is to be made.

UNDERSTAND THE mAb

Before any process development work is completed, it is 
imperative, asserts Louise Duffy, senior VP and head of sci-
entific project leaders at Abzena, to first understand exactly 
how the mAb is constructed and how it will work clinically.

Developers should start by identifying their product qual-
ity goals, driven by critical quality attributes, along with pro-
cess requirements, facility capability, product requirements, 

and cost of goods, agrees Natraj Ram, vice-president of 
innovation, bioproduction at Thermo Fisher Scientific.

Considering the product stage (early or late) is also crit-
ical to ensure which aspects are prioritized, so that the 
appropriate level of process understanding and control 
strategies are achieved during development, according to 
Ram. Identifying the target scale for the commercial process 
will also help determine the scale and technology choice and 
transitions throughout development, he adds. 

LEVERAGE PLATFORM SOLUTIONS
The next step, Duffy says, is to develop the downstream 
process to enhance the purity of the desired mAb while 
reducing product and process related impurities. That 
should be done, says Kevin Brower, global head of purifi-
cation development–mammalian at Sanofi, with a defined 
platform set of raw materials and a platform approach for 
performing development. 

Cover Story: Downstream Processing
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“Using this approach is the most 
critical best practice because it provides 
structure for all process development 
scientists in their work at the bench as 
well as structure for interactions across 
the manufacturing network for tech 
transfer,” Brower states.

Understanding the tools needed to 
identify product-related impurities 
while developing purification is also 
key, according to Duffy. “These two 
activities must be done collectively 
with assay and downstream capability 
developed collaboratively,” she insists. 

USE APPROPRIATE RESINS, 
FILTERS, CHEMICALS, AND 
SINGLE-USE COMPONENTS
The ability to achieve high through-
put is always an important objective 
in a production area. For downstream 
process development, that includes 
higher flow rate, more rapid turn-
around, and more streamlined pro-
cesses, according to Haiou Yang, 
director of downstream process devel-
opment for Avid Bioservices. 

For downstream process develop-
ment, the appropriate choice of resins, 
filters, chemicals, and single-use com-
ponents is critical to the success of scale 
up and manufacturability, adds Ram. 
Potential requirements for chemicals 
should be considered depending on the 
target markets for the mAb product, 
while resins selection should take into 
account scalability if a chromatography 
process will need to be scaled from 1-L 
to 200-L columns. Assurance of integ-
rity and access to standardized con-
nections are two important factors that 
should drive the selection of single-use 
(SU) components.

DETERMINING  
DOWNSTREAM CAPACITY
The strategy for downstream process-
ing for a particular mAb is dependent 
on the specifics of the upstream pro-
cess, the capabilities of the facility, 
and the available equipment for the 
various unit operations required for 

mAb purification and final formu-
lation. In general, each unit opera-
tion is sized based on the amount of 
mAb to be processed, factoring in the 
recovery of each step as it goes down 
the sequence. 

Overall, the downstream process-
ing capacity is the amount of upstream 
material that can be processed in a cer-
tain amount of time. Sanofi currently 
uses a mix of in-house Excel calcula-
tions and external software to model 
downstream capacity, identify bottle-
necks, and guide its tech transfer activi-
ties, according to Brower. He notes that 
these methods are pretty well-estab-
lished in the industry. 

There are two possible strategies for 
determining the overall downstream 
processing capacity, says Ram. The first 
involves determination of the process 
throughput for each unit operation, 
choosing technologies that provide the 
best throughput considering the opera-
tional constraints at scale.

The second option is particularly rel-
evant for batch operations such as mix-
ing and filtration, according to Ram. “In 
these cases, both throughput and the 
ease of transitioning from one step to 
another are both considered and the 
choice of [single-use] SU technologies 
thus makes a difference,” he observes. 

Having appropriate mixing systems 
with the right bags, filters, and sen-
sors can help with combining mul-
tiple steps in one, Ram explains. For 
example, he notes that performing the 
inactivation and neutralization steps 
with a single mixing system that has 
a pH sensor built in and is equipped 
with appropriate tubing to pump in 
and pump out the material will help 
with efficient processing.

UPFRONT CAPACITY 
ASSESSMENT IMPORTANT
High titers from upstream can either 
be processed through scaling up pro-
cessing equipment, which may be 
limited for some facilities, or through 
multiple cycles, which can extend 
processing time, according to Gene 
Yoshioka, senior director of manufac-
turing at Avid Bioservices. 

Assessing process capacity up 
front saves time and resources and 
establishes feasibility, Duffy says. 

“Performing upf ront work to char-
acterize maximum binding capaci-
ties, retention times, and equipment 
scales becomes critical to optimizing 
the downstream process to match with 
the upstream titer,” Yoshioka agrees. 
Designing a process with the capacity 
of the existing facility in mind also 
facilitates a smooth technology transfer 
and enables early production planning. 

The typical approach to estimat-
ing capacity for a downstream process, 
explains Duffy, is to look at the titers 
in the bioreactor upstream, and then 
size up first steps to hit the sweet spot 
between not spending too much on 
resin while allowing for a reasonable 
number of sub-batches and managing 
time for the operations. The best strat-
egy, she asserts, is to map the entire pro-
cess, perform a full mass balance across 
the whole process, and determine where 
hold steps may be needed/wanted and 
then work out how to develop data to 
support those hold steps. 

Internal collaboration is beneficial 
for this approach, Duffy adds. Process 
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development teams can discuss the fea-
sibility of the process and operational 
teams can look at more pragmatic issues 
such as fit with current facilities.

Titer is not the only aspect to con-
sider, though. “During upstream pro-
duction,” observes Ram, “if too much 
focus is placed on product titers, other 
factors such as cell concentration, cell 
viability, and various product qual-
ity characteristics may be impacted. 
These upstream factors will most likely 
impact the subsequent recovery and 
purification process steps.”

ADVANCES ENABLING 
GREATER THROUGHPUT
Indeed, in recent years there has 
been a greater focus placed on devel-
oping strategies to match down-
stream technologies with high-titer 
upstream processes, according to 
Yoshioka. He stresses once again 
that it is not just an issue of process 
capacity. With media and cell lines 
that are able to maintain higher cell 
densities, there is also an increase in 
process impurities (i.e., DNA, host-
cell proteins, charge variants, etc.) 
that the downstream process needs 
to be designed to remove. 

Examples of more traditional 
improvements helping to el imi-
nate bottlenecks noted by Brower 
include higher capacity resins and 
membranes, as well as single-pass 
concentrators. Ram adds that adop-
tion of higher capacity, lower cost 
resins, and membrane technologies 
is allowing manufacturers to increase 
facility throughput without retrofit-
ting. However, he also notes that it 
is important to develop resins that 
provide better capacities, resolution, 
and throughput.

Advanced depth filtration technolo-
gies, meanwhile, enable the harvest of 
large volumes quickly and easily while 
providing the benefits of a more clar-
ified feed stream going into the puri-
fication process, according to Ram. 
“Because these technologies combine 

chemistries with carefully designed 
matrices that provide size-based sepa-
rations, these technologies go beyond 
improving throughput and provide 
higher quality product,” he says. They 
also allow for easier scale-down mod-
eling compared to centrifuges, reduced 
cost of goods at scale up, and lower 
volume pools. The latest multi-mode 
versions under development make it 
possible to have smaller volumes, less 
dilution, and higher yields, Ram says.

Beyond advances in technology for 
specific unit operations, Ram points to 
the use of multi-column chromatog-
raphy, integrated flow-through steps, 
continuous inactivation and neutral-
ization, and in-line dilution of buffers 
as important downstream technologies 
that are enabling downstream process-
ing to catch up to the higher levels of 
upstream productivity.

Brower also believes that high- 
throughput process development 
approaches allow mAb developers to 
better understand and characterize 
their processes than was possible five 
to 10 years ago. “Access to this greater 
knowledge leads to more robust pro-
cess outcomes that can better handle 
the variability provided downstream by 
various forms of intensified upstream 
processes,” he explains. 

Single-use technologies are having a 
major impact on how downstream pro-
cesses are developed as well, according 
to Duffy. She notes that developers can 
more easily explore changing the order 
of process steps, or introducing new 
ones, depending on how a molecule is 
behaving and what the impurity pro-
files look like. “This greater flexibility 
allows for more rapid fine-tuning of 
processes,” Duffy says.

Yang cautions, though, that while 
the industry has been working to adapt 
to new devices and technologies, the 
process of converting to completely 
new/different techniques and instru-
mentation requires time and careful 
execution. “It is important to note that 
the easier a technology can be imple-

mented, the faster the industry is able 
to adapt to it,” she comments.

A HOLISTIC APPROACH  
IS STILL NEEDED
Despite numerous advances in down-
stream processing technologies, there 
is still a disconnect between upstream 
and downstream processing, accord-
ing to Duffy. “Firstly, in the last five 
to seven years, upstream titers have 
almost tripled, while downstream 
capacity has not necessarily matched 
pace. Secondly, some downstream 
technologies are still very manual and 
laborious to run,” she explains.

To address this issue, a holistic view 
of the entire manufacturing process 
is needed. Process developers, Duffy 
asserts, must proactively think about 
the impact of upstream decisions 
on downstream processing to fully 
understand what technologies will be 
required for downstream processing. 

A holistic approach that considers 
both upstream and downstream pro-
cesses is critical to success,” agrees Ram. 

“While these two manufacturing pro-
cesses rely on each other to be suc-
cessful, they are frequently developed 
separately. Developing them in parallel, 
however, can help meet aggressive pro-
gram timelines and allow for inherent 
synergies. Harmonizing the processes 
enables greater understanding of the 
upstream challenges for the protein 
of interest being produced, which can 
then help negate possible problems 
encountered later in the development 
process,” he explains.

PROCESS INTENSIFICATION  
IS NECESSARY, TOO
Given that most downstream steps are 
inherently mass based (process a certain 
amount of product), Ram asserts that 
efficiencies can only be gained through 
integration or intensification of these 
steps. “Many of the technology advances 
made to date have the potential to 
improve productivity or throughput, but 
until they are integrated to allow for syn-
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ergistic benefits, much of the advantage 
cannot be realized,” he says. 

While initial efforts have occurred, 
integration of unit operations from 
both operational and control stand-
points has yet to be fully achieved 
and will require collaboration across 
the industry to bring harmonization of 
components, equipment controls, and 
software platforms, Ram comments.

In the near-term, agrees Brower, appli-
cation of integrated and continuous (or 
connected) process operations will be 
the key to improving the productivity, 
long-term sustainability, and flexibility of 
downstream processing in the biopharma 
industry. “Such approaches,” he concludes, 

“have an impact on space requirements, 
increase the ability to apply single-use 
technologies, drive down cost of goods 
to increase patient access, and allow 
manufacturers to dynamically respond 
to changes in treatment approaches and 
reimbursement strategies.” 

MORE EXCITING 
DEVELOPMENTS TO COME
The need for process intensification and 
continuous processing will, in the long 
term, drive the development of process 
analytical technologies (PAT) beyond 
basic sensors that will allow for the 
enhancement of throughput with better 
process control for both continuous and 
batch processing, according to Yang. 

“ Nove l  pur i f i c a t ion  fo rmat s 
(non-chromatography, flow-through 
technology) and the incorporation of 
PAT tools to enable real-time release 
and forward processing to drug product,” 
agrees Brower, “will lead to a further 
step change (leap) beyond the current 
standard approaches.”

Meanwhi le , Ram notes  that 
advances in single-use centrifugation 
or related technologies that reduce the 
burden on harvest filters could be a 
significant improvement to address 
challenges posed by increasing cell 

densities and higher titers in upstream 
processes. Integration of multicolumn 
chromatography skids with buffer 
blending capability will significantly 
improve the efficiency of this opera-
tion. There is also, Ram says, still great 
opportunity for the development of 
resins that can provide high resolution 
while also offering high capacity and 
throughput. He also notes that future 
single-use systems that can accommo-
date a wide range of scales will also 
help reduce overall capital costs for 
multiproduct facilities. 

Another major opportunity for 
improvement in downstream process-
ing, according to Brower, is less related 
to upstream advances and more related 
to the diversity of molecules in the 
biopharma pipeline. “This diversity of 
modalities presents unique purification 
challenges for which we are develop-
ing solutions and approaches across the 
industry,” he says. ◆
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Track-and-Trace Progress Benefits 
Supply-Chain Security Efforts

The industry has made great strides in implementing serialization 
technologies, while technology developers are enabling 

more open access to real-time transportation data.
AGNES SHANLEY

S  ince the COVID-19 pandemic struck, there has been 
little news of serialization breakthroughs, as manufac-
turers and their supply partners have focused on getting 

new therapeutics and vaccines to patients. However, progress 
has been ongoing behind the scenes, and the past two years have 
seen a significant increase in use of two-dimensional (2D) bar-
codes (1) and even adoption of blockchain, says Peter Sturtevant, 
senior director of community engagement at GS1 in the United 
States. Globally, GS1 works with pharmaceutical manufacturers, 
wholesalers, distributors, retail pharmacies, hospital dispensaries, 
trade associations, and regulatory agencies to help advance track-
and-trace implementations and drive supply-chain efficiency.  

“[In the US,] we have been supporting the [pharmaceuti-
cal] industry for the final milestone, the Drug Supply Chain 
Security Act (DSCSA) deadline of November 27, 2023,” says 
Sturtevant, and advances have continued through 2020 and 
2021. “At this point, manufacturers are meeting requirements 
for 2D barcodes on packaging, and including package iden-
tifiers, National Drug Code (NDC) code embedded into the 
GS1 Global Trade Item Number (GTIN) for identifying 

products, serial numbers, lot numbers, and expiration dates. 
For medicines that come directly from manufacturers, you can 
already see the serial numbers on some products,” he reports.

COVID-19 vaccines, approved under emergency use 
authorization, were not required to meet serialization 
requirements, but they have been properly labeled to meet 
FDA requirements, he says, complete with 2D barcodes with 
GTIN, lot, and expiry date. In the future, serialization may 
be required.

He notes that several manufacturers, including Fresenius 
Kabi, opted to go beyond basic traceability requirements. The 
company decided to serialize its Diprovan anesthetic, a work-
horse generic product, using radio frequency identification 
tags containing the four identifiers (2).

Although counterfeiting remains a threat, the growing use of 
barcoding and serialization promises to have an impact. Beyond 
serialization, the requirement that companies only do business 

AGNES SHANLEY is former senior editor of BioPharm International.
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with “authorized trading partners” will 
have a major impact, he says.

IMPLEMENTATION GUIDELINES
In April 2021, GS1 US issued a new 
implementation guideline (3), emphasiz-
ing best practices for maintaining chain 
of custody.  This practice is particularly 
important for brandowner agents such as 
contract packagers, contract manufactur-
ing organizations (CMOs), third-party 
logistics providers (3PLs), and reverse 
logistics providers. “If an agent is han-
dling your product on your behalf, they 
need to leverage GS1 Standards including 
GTINs for products [and] global location 
numbers (GLNs) for physical locations, 
and share data electronically using elec-
tronic product code information services 
(EPCIS) to capture events from manu-
facturing to serialization [and] capping to 
shipping.  EPCIS can capture those key 
events and share them with downstream 
trading partners,” Sturtevant explains. 

Although the level of information 
technology (IT) infrastructure among 
contract service providers varies widely, 
adopting the technology may eventually 
become a requirement for doing business.  
Although GS1 Standards are not legally 
required of these entities, manufacturers 
may restrict business in the future to part-
ners that can meet these requirements, 
just to avoid liability. “Some companies 
are still using fax machines. That’s the 
reality of the world,” he says, noting that 
cloud-based solutions have made tech-
nology more readily accessible.

Blockchain is also being evaluated 
and adopted where appropriate for use 
in product verification for resale and 
returns. “It’s not a panacea but another 
tool in the toolkit,” says Sturtevant. 

Currently GS1 US’s Rx Secure 
Supply Chain workgroup is made up 
of 50 companies, including 12 manufac-
turers, seven dispensers, vendors, and all 
“Big Three” pharmaceutical whosesal-
ers. The group is now developing new 
guidelines for applying GS1 Standards 
for serialization, which Sturtevant 
expects to be published later in 2021. 

Generally, he sees the industry as pre-
pared for the DSCSA deadline. “Nobody 
is taking it lightly. The industry is com-
mitted to it. If you look at our 2020 bar-
code assessment, four years ago 7% of 
pharma companies met requirements 
for labeling with 2D barcodes. By 2020 
we had over 90%, both for packages and 
homogeneous cases, with proper barcodes.”

REAL-TIME TRANSPORTATION 
VISIBILITY OPENS UP
At the same time, on the vendor side, 
there has been an explosion of new tech-
nologies designed to track pharmaceu-
tical cargo in transit. Dubbing the new 
market “real-time transportation visibility 
platforms,” as opposed to track-and-trace 
technology, the tech market analysts at 
Gartner predict that, by 2023, half of all 
global product-centric enterprises will 
have invested in these technologies (4).  

In February 2020, Tive established the 
Open Visibility Network (OVN) with 
project44 and FourKites to enable open 
data access for mutual customers.  The 
OVN helps connect shippers, logistics 
service providers (LSPs), brokers, and 
customers by allowing open, collabora-
tive data sharing. Instead of each part-
ner working separately with clients, the 
open platform will allow the partners’ 
customers to easily access data across 
platforms, so that Tive’s shipment data 
(which focuses mainly on hyper-accu-
rate load location and condition), and 
project44’s or FourKites’ data (which 
focuses on other data facets) might be  
openly accessible. 

In April 2021, Tive, Persequor, and 
Itrazo joined forces in a similar collabora-
tion designed to help improve traceability 
in the cold chain, with an emphasis on 
biopharmaceuticals. “With the COVID-
19 vaccine and strains on supply chains, 
we needed to get to a new level of visibil-
ity and traceability,” says Tive Director of 
Marketing Jim Waters. Companies will 
share data so that any of their customers 
can access data from any of the three plat-
forms or their transportation, warehouse, 
or other management systems, bring-

ing data on shipment load and location 
from Tive, from Itrazo’s data processing 
platform, and Persecor’s production and 
manufacturing data platform, so that cus-
tomers needn’t switch platforms and ven-
dors. The April announcement focused 
on the Asia Pacific and Australian regions, 
but the collaboration’s benefits are already 
available to users in North America and 
Europe, says Waters.

Tive offers non-Lithium industrial 
Internet of Things (IoT) trackers and 
software that apply machine learning and 
artificial intelligence to provide real-time 
data on shipments in transit, sending alerts 
when a shipment experiences an excur-
sion, whether temperature excursion, route 
deviation, container breach (light), or shock. 
Using a cloud-based approach, Tive’s track-
ers upload data to its data cloud, streamed 
to customers using application program-
ming interfaces (APIs), to allow users to 
take corrective action in real time.

Tive sees collaboration, real-time 
hardware, and connection to users as the 
crucial needs for bio/pharma traceabil-
ity technology today. Without collabora-
tion, he says, companies cannot hope to 
move at the velocity that this new world 
is going to require (i.e., getting vaccines 
to end users on time and in full). He also 
sees the need for the industry to move 
beyond passive data trackers, which can 
at best provide a post-mortem after a 
problem has happened with a load. There 
will also be a need to better serve users 
through services that can help companies 
receive alerts so that they can respond 
more quickly to problems. Tive has 
launched a 24/7 support team designed to 
provide an extension of customers’ teams 
and help it manage responses.

REFERENCES
1. GS-1 US, “Pharmaceutical Industry 

Makes Steady Proress toward Meeting 
the 2023 DSCSA Interoperability 
Requirements, GSIUS.org, Feb. 28, 2021.

2. GS-1 US, “Case Study: Fresenius 
Kabi,” GS1US.org, 2020. 

3. GS-1 US, “Implementation 
Guidelines,” GS1US.org, April 2021.

4. C. West and B. De Muynck, 
“Magic Quadrant for Real-Time 
Transportation Visibility Platforms,” 
gartner.com, Apr. 14, 2021. ◆
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360 Degrees of Cleanliness
Help prevent contamination in each of seven facility zones.

ANNE MARIE DIXON-HEATHMAN 

T he term “clean factory” was developed at the begin-
ning of the 1970s with the birth of contamination 
control in the microelectronics industry, which intro-

duced complex design manufacturing, defect control, and 
particle reduction. These demands grew beyond the clean-
room to utilities, equipment, and consumables. The late 
1980s expanded contamination control beyond the manufac-
turing floor to the building and the parking lot.

Management of people, materials, processes, supplies, 
and utilities became a way of life for all types of cleanroom 
manufacturing, both industrial and healthcare. Additionally, 
in the early 1980s, the term “clean build” was initiated to 
promote controlled construction and reduce the risk of con-
tamination from the design state until manufacturing.

Since then, decades of cleanroom technology brought 
about new tools and equipment, contained processes with 
isolators and mini-environments, increased contamination 
control standards and regulations, and increased customer 
demands for quality. The area concept established as part of 
the clean factory instituted protective barrier zones begin-
ning with the process/product area and continued to the 
building exterior (1). The concept of defining seven zones 
for cleaning and sanitization worked well for years. The 
seven zones are:

• Zone 1: Critica l zone (equipment, process tools, 
and workstations that require the highest level of 
protocols)

• Zone 2: Cleanroom
•  Zone 3: Entrances to cleanrooms (personnel and 

materials)
• Zone 4: Controlled environments (areas surrounding 

the cleanrooms)
• Zone 5: Base building
• Zone 6: Building entrances (v isitors, employees, 

warehouse)
• Zone 7: Exterior.

Today, the pharmaceutical industry faces many chal-
lenges: quality for customers, international competition, 
costs, and changes in regulations. This article will aug-
ment the original seven zones of the clean factory by 
adding specific modifications for personnel and facility. 

“Clean factory system” is a more inclusive term that can 
be used for these enhancements and updated cleaning 
protocols.

ANNE MARIE DIXON-HEATHMAN,
annemarie@cleanroommanagement.com, is 
principal of Cleanroom Management Associates, Inc.
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Catalent
About Catalent Biologics
Catalent Biologics is a global leader in 
biopharmaceuticals with more than 20 years’ 
proven expertise in development, manufacturing, 
and analytical services for new biological entities, 
biosimilars, sterile injectables, and antibody-drug 
conjugates.

Catalent Cell & Gene Therapy, part of Catalent 
Biologics, has a wide range of expertise across a variety 
of cell types, as well as viral vector and plasmid DNA 
development, scale-up, and manufacturing.

Bioprocessing Capabilities
In North America, biologics development and 
manufacturing are undertaken in Bloomington, 
Indiana, and Madison, Wisconsin. The Madison 
site has five GMP manufacturing suites designed 
to support clinical and commercial drug substance 
manufacturing, and houses Catalent’s proprietary 
GPEx® cell line technology. The Bloomington 
facility also contains clinical and commercial drug 
substance manufacturing production suites, as well as 
comprehensive drug product fill/finish and packaging 
capabilities. The facility in Emeryville, California 
is home to the company’s proprietary SMARTag® 
platform, which provides site-specific protein-
modification and linker technologies to generate 
homogenous antibody-drug conjugates. 

In Europe, Catalent has facilities in Anagni, 
Italy, as well as Brussels, Belgium, and Limoges, 
France, which provide drug product development and 
manufacturing from clinical to commercial launch. 
They also offer sterile and biologics manufacturing and 
secondary packaging, with extensive expertise in vial 
and syringe filling.

In addition to on-site analytical capabilities 
at its development and manufacturing facilities, 
Catalent also offers standalone analytical expertise 
and capabilities for biotherapeutics in Morrisville 
(Research Triangle Park), North Carolina, and Kansas 
City, Missouri.

Cell and Gene Therapy Capabilities
Catalent has a global network of dedicated 
development laboratories, and both small- and large-
scale clinical and commercial manufacturing facilities.

It provides comprehensive development and 
manufacturing capabilities in plasmid DNA, adeno-
associated viral, lentiviral and other viral vectors, 

oncolytic viruses and live virus vaccines; and for cell 
therapy development, it has a wide range of expertise 
across a variety of cell types, including CAR-T, TCR, 
TILs, NKs, iPSCs, and MSCs. 

Gene therapy operations are based at multiple 
facilities in Maryland and include a viral vector facility 
licensed by FDA and EMA. Cell therapy services are 
based in Gosselies, Belgium, and Houston, Texas. 
Plasmid DNA manufacturing is offered in Europe and 
North America.

About Catalent  
Catalent is the leading global provider of advanced 
delivery technologies, development, and manufacturing 
solutions for drugs, biologics, cell and gene 
therapies, and consumer health products. It employs 
approximately 15,000 people, including 2400 scientists 
and technicians, at 45+ facilities.

Catalent
14 Schoolhouse Road, Somerset, NJ 08873 USA
Telephone: +1 888 765 8846 
solutions@catalent.com
www.catalent.com

https://www.catalent.com
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CONTAMINATION CONTROL
Most programs begin at the controlled 
environment to reduce contamina-
tion that enters the cleanroom. The 
clean factory systems approach, how-
ever, addresses contamination from the 
parking lot to the critical zone. This 
article will focus on personnel, clean-
ing, and facility design and will also 
discuss clean construction protocols 
and facility start-up.

Gowning
For gowning to be effective, the con-
tamination f rom people must be 
addressed. Good sanitization and 
health habits are requirements of good 
manufacturing practices (GMP) (2). 
To help reduce particulate and micro-
bial contamination, dedicated gar-
ments under cleanroom apparel are 
recommended. This type of garment 
replaces street clothing. Benefits to 
removing street clothing include:
• El iminates r isk f rom “ home” 

contamination (e.g., pets, food, 
transportation to work)

• Use of a common fabric that is less 
particulating than street clothing

• Use of a common fabric that is 
laundered in a cleanroom laundry

• Specif ic design of the dedicated 
garment (e.g., long sleeves, proper 
closures).
Figure 1 represents a compilation 

of data f rom numerous companies 
over the past 30 years and shows the 
reduction in particles in a gownroom 
(3). Clean street clothing offers very 
little particle reduction when com-
pared to specific restricted clothing: 
no heavy linting fabrics, no shorts. 
Building suits, which are controlled 
with laundry and fabrics, offer some 
reduction. Cleanroom scrubs made 
of low-lint fabrics and laundered in a 
cleanroom offer the best particle con-
trol for the gownroom. 

Cleanroom gowning must follow 
the standard operation procedure 
(SOP) or protocols. Gowning mate-
rials and methods must be reviewed 

to ensure that the materials meet the 
following standards:

• Fabric type and design
• Packaging
• Transfer of  ga rments f rom 

warehouse to in-use storage
• Frequency of laundry
• Storage of used garments, if not 

changed at each entrance
• Lifecycle of laundered gowns 

(number of washings allowed)
• R e p a i r s ,  s t a i n s ,  d a m a g e d 

garments replacement cycle
• Testing of fabric for cleanliness. 
These are all critical considerations, 

and each zone in a plant should evalu-
ate and document the type of gowning 
and materials that will support product 
quality and personnel protection.

Product separation
The zonal concept does not address 
separation as recommended today. If a 
company manufactures multiple prod-
ucts, there are specific protocols for the 
changeover of the cleanrooms that must 
be performed to reduce cross-contami-
nation. Companies should consider the 
risk and address specific changeover 
protocols for personnel, cleaning and 
sanitization, and facility design.

In a GMP facility, manufacturers 
are expected to prevent or mitigate 

contamination from particulates and 
micro-organisms that could impact 
the safety and quality of products.  All 
tools, equipment, and supplies used 
for maintaining the cleanliness of a 
cleanroom or controlled environment 
must be constructed of non-shed-
ding materials that can be easily 
maintained. The methods and tech-
niques of cleaning and sanitization of 
cleanrooms and controlled environ-
ments should follow IEST RP-18 (4) 
or in-house validated methods and 
techniques based on particulate and 
microbial removal efficiency.

The cleaning materials must be 
compatible to the finish of the surfaces 
to be cleaned. This will prevent par-
ticulate generation during the clean-
ing process. The cleaning agents and 
disinfectants must ensure compatibil-
ity with the product, process, clean-
room surface finishes, and environment 
(waste disposal handling). 

Water used in the dilution of dis-
infectants or cleaning solutions must 
be equal to the process/product water. 
Additionally, the tools, equipment, 
supplies, and solutions for cleaning 
and sanitization of areas outside of 
controlled and classified areas must 
never create a risk to these areas. 
The selection process for these areas 

Manufacturing

Figure 1. Reduction of particles (%) obtained by types of gowning based on 
data collected by the author.
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must consider the potential risk of 
cross-contamination from improper 
or incompatible chemicals. Tools, 
equipment, and supplies could cre-
ate sources of contamination if inad-
equately cleaned, as could the use 
of unfiltered water and re-use of 
mops and contaminated mop mate-
rials. Although these areas are not 
controlled environments or classified 
cleanrooms, the methods and tech-
niques used for the base building must 
be adequate to clean the surfaces.

Companies should review airlock 
procedures to institute more frequent 
cleaning, and sanitization of surfaces in 
the production. Surfaces that are con-
tacted frequently, such as door handles, 
equipment latches, bench/counter tops, 
and control panels should also have a 
higher frequency of cleaning. 

THE SEVEN ZONES
The recommendations for each zone 
address potential features to control con-
tamination and cross-contamination.

Zone 1
This area requires the highest level 
of protection (facility design), clean-
liness, and personnel protocols. The 
requirements must be specific to the 
class of cleanroom, product, process, 
and customer or patient require-
ments for quality, regulations, and 
standards. This zone could be a spe-
cific area within a cleanroom or an 
entire critical cleanroom.

People. Gowning must follow 
the SOP for the class of cleanroom. 
Critical apparel generally include: 
coveralls, hood, mask, boots, gloves, 
and eye protection.

Cleaning and sani t i zat ion. 
Protocols are based on classification 
of the cleanroom, the levels of par-
ticulate and microbial control, and 
the surface finishes. Tools must be 
compatible with surfaces and clean-
ing solutions. Mops should be a con-
tinuous filament microfiber material, 
sterile or non-sterile. 

Critical equipment cleaning will 
require wipes (sterile or non-sterile) 
and tools that meet the process require-
ments for particle count, compatibility 
with cleaning agent or disinfectant, and 
extractables. 

Facility design. Critical zones 
should have separate entrance and exit 
airlocks for personnel and materials. 

Zone 2 
The cleanrooms range in classification 
from ISO 1–8.

People. The gowning for this zone 
follows specific protocols for the qual-
ity of the product, process, classifica-
tion of the cleanroom, contamination 
levels (particulate, microbial, electro-
static), standards, regulations, and any 
customer specifications. In selecting 
the proper gowning, you must consider 
first the classification of the cleanroom 
as the prerequisite. 

Cleaning and sanitization. The 
protocols are based on classification of 
the cleanroom and the levels of partic-
ulate and microbial control and the sur-
face finishes. Tools must be compatible 
with surfaces and cleaning solutions. 

Facility design. The entrances into 
cleanrooms should be through person-
nel airlocks (gownrooms), corridor air-

locks, or main traffic corridors that are 
the same classification. 

Zone 3
People. Before entering a cleanroom 
or controlled environment, proceed 
to a locker room and wash hands. If 
required by protocol, remove street 
clothing and don building suits, plant 
uniforms, or scrubs. 

Cleaning and sanit izat ion. 
Garments can become contaminated if 
the gownroom is not adequately cleaned. 
Because of the traffic volume, these 
areas should be cleaned with a higher 
frequency than the manufacturing areas. 
This level of cleaning will reduce the 
risk of contamination to the garments, 
personnel, and the cleanroom itself. 

Facility design. If the gowning 
requires the removal of street cloth-
ing as well as street shoes, exten-
sive locker room space, shoe storage, 
and garment storage is required. 
Gownrooms must be designed to sup-
port the population density, gowning 
requirements, storage of garments (if 
reused), and exiting requirements. 

Zone 4
People. Personnel should proceed 
to designated areas and store all per-
sonal items. Food items should not 
be contained in lockers that are adja-
cent to controlled corridors. Badges 
must be sanitized, and all person-
nel must wash hands. Some con-
trolled environments have additional 
requirements, such as safety shoes, 
specific clothing (non-linting), no 
bare legs, no sleeveless tops, no jew-
elry, and no cosmetics. 

Cleaning and sanit izat ion. 
Dedicated low lint microfiber mops, fil-
tered cleaning solutions, and dedicated 
tools are required for these areas. 

Facility design. The surround-
ing environments will influence the 
cleanliness of the cleanroom. As 
people and materials are moved from 
Zone 5 to Zone 4, there is a risk of 
cross-contamination. It is important 

Manufacturing
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that separate airlocks are required for 
personnel and material entering or 
leaving controlled areas.

Zone 5
This area includes rest rooms, offices, 
cafeterias, lobbies, personal storage areas, 
and conference rooms.

People. Recommend hand sanitiza-
tion stations throughout the building in 
public areas.

Cleaning and sanitization. Floors 
that are not maintained will create a 
risk of cross-contamination into the 
controlled environments. Cleaning 
should follow the protocols as outlined 
in Zone 6. 

Facility design. One of the biggest 
risks to the controlled environments 
from the base building is carpeted floors. 
Plants should consider the use of floor-
ing materials that can be mopped daily.

Zone 6
People. At the entrance,  all personnel 
should step on a mat to remove heavy 
debris from their shoes and use a shoe 
cleaner if available. 

Cleaning and sanit izat ion. 
Specific maintenance procedures 
should be established. All entrances 
must be cleaned at least once per 
shift to control the risk of contam-
ination into the building. Entrance 
areas should be maintained free of 
visible debris and dirt and vacuumed, 
followed by wet cleaning. Warehouse 
areas should be free of all visible debris. 
Warehouse cleaning tools are dedicated 
to this area only.

Facility design. Entrance areas 
should contain local area mats that 
withstand heavy foot traffic and can be 
cleaned multiple times per day. Shoe 
cleaners should be considered as an 
additional method of contamination 
reduction. Warehouse design must 
consist of an airlock for the transfer of 
items from the warehouse to the base 
building. An airlock will control the 
risk of contamination from the exterior 
during transfer of transported items.

Zone 7
The outside appearance creates the 
mind-set for all personnel and visitors.

People. Clean clothing should be 
worn. If personnel will be working in 
controlled environments or classified 
cleanrooms, they should follow the 
protocols established for those areas.  

Cleaning and sanit izat ion. 
Seasonal outdoor maintenance must 
be performed (e.g., clearing of leaves, 
snow and ice, debris). Loading docks 
must be checked weekly and cleaned to 
prevent food debris.

Facility design. The entrances to 
the building (warehouse, visitor lobby, 
and employees) should have airlocks 
that will act as a buffer from the out-
side world. Entrance, exit, and emer-
gency doors must have proper seals. 
The control of the building exterior 
should be reviewed for types and loca-
tion of plants, pest control, drainage 
of water, grading, and snow removal, 
for example.

NEW CONSTRUCTION 
AND START-UP
Clean build protocols should be con-
sidered to reduce the risk of contami-
nation to the controlled environments 
and cleanrooms. The purpose is to 
establish and define the rules of entry, 
material transfer, construction activi-
ties, and personnel conduct. The spec-

ification delineates all procedures and 
requirements for all individuals gaining 
access to the areas and for entrance 
of all materials, equipment, and tools. 
As each phase of construction pro-
gresses, increasingly more stringent 
requirements are defined for personnel, 
material, equipment, tools, and clean-
ing. These requirements will provide 
appropriate levels of contamination 
control to the stage of construction 
and the intended designation for the 
area. All construction project personnel 
should follow the personnel guidelines 
as outlined for the clean factory system 
if transitioning from the exterior or 
through entrances. 

SUMMARY
Cleanrooms and controlled environ-
ments do not operate without careful 
consideration to their design, impact 
of contamination f rom the sur-
rounding areas, personnel protocols, 
and specialized cleaning procedures. 
Cleanrooms and controlled environ-
ments must meet the specifications 
for particulate and, if required, micro-
bial levels. These levels can only be 
achieved on a consistent basis by con-
trolling the environments that sur-
round these areas. SOPs are generally 
specific to an area and may not incor-
porate the entire facility system. The 
clean factory system concept, how-
ever, can be used as the foundation 
for analyzing gaps in contamination 
control for personnel, cleaning prac-
tices, and facility design, creating 360 
degrees of cleanliness.
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Avantor
Our Company
Avantor®, a Fortune 500® company, is a leading global 
provider of mission-critical products and services to 
customers in the biopharma, healthcare, education 
& government, and advanced technologies & applied 
materials industries. Our portfolio is used in virtually 
every stage of the most important research, development, 
and production activities in the industries we serve. 

One of our greatest strengths comes from having 
a global infrastructure that is strategically located to 
support the needs of our customers. We have a world-class 
network of manufacturing, research, distribution, and 
customer service resources, and a significant presence on 
three continents, with 13 cGMP facilities, nine regional 
innovation centers, and 19 ISO-certified distribution 
centers. Our footprint enables us to serve more than 
225,000 customer locations worldwide and gives us 
extensive access to research laboratories and scientists in 
more than 180 countries. 

Avantor’s distinctive business model enables us to 
add value to our customers from early stage, scientific 
discovery through scale-up and commercialized 
delivery. As a supplier for the largest biopharmaceutical 
manufacturers in the world, Avantor helps enable 
life-changing breakthroughs for patients. We provide 
a unique combination of industry expertise with the 
broadest portfolio of products and materials engineered 
and manufactured to satisfy the highest quality standards 
and regulatory requirements for each final product—
whether it is a vaccine, monoclonal antibody (mAb), 
recombinant protein, cell therapy, gene therapy, or small 
molecule treatment. 

Customers trust Avantor with downstream 
optimization services to improve biopharmaceutical 
process development. Through this offering, our Services 
teams work closely with customers to identify biopharma 
scale-up bottlenecks, streamline production processes, and 
improve efficiency and productivity to accelerate speed to 
market for life-saving molecules. 

Our deep expertise in developing, customizing, 
manufacturing, and supplying products for a wide variety 
of workflows allows us to provide tailored solutions 
throughout the lifecycle of our customers’ products.

We set science in motion to create a better world. To 
learn more, visit avantorsciences.com and and find us on 
social media.

Twitter: @avantor_news
LinkedIn: @avantorinc
Facebook: @avantorinc

From FORTUNE. © 2020 FORTUNE Media IP Limited All 
rights reserved. Used under license. FORTUNE 500 is a registered 
trademark of FORTUNE Media IP Limited and is used under 
license. FORTUNE and FORTUNE Media IP Limited are not 
affiliated with, and do not endorse products or services of, Avantor.

Avantor
One Radnor Corporate Center, Building One, Suite 200,
100 Matsonford Road
Radnor, PA 19087 USA
610.386.1700

https://www.avantorsciences.com/site/


Improving purity. 
Improving treatments. 
Improving lives. 

Get started today. Visit:

 avantorsciences.com/ProteinA

In the production of monoclonal antibodies (mAbs), finding ways to remove 
bottlenecks and improve yields in downstream processing continues to be 
a key focus. At Avantor®, we’re putting our expertise to work on new product 
innovations that help biomanufacturers improve their downstream efficiency. 

— J.T.Baker® BAKERBOND® resins, including the BAKERBOND® PROchievA™

recombinant protein A resin, bring best-in-class purification performance 
to accelerate mAbs downstream purification. 

— The high dynamic binding capacity of the PROchievA™ resin is backed 
by proprietary ligand technology that intensifies throughput while 
generating mAbs of greater purity. 

— All BAKERBOND® resins feature a standard particle size and agarose 
base that support higher flow rates, as well as convenient packaging 
that eliminates common resin shipping, handling and storage hassles. 

Driving greater efficiency in downstream processes so therapies can 
get to patients faster: That’s how Avantor helps set science in motion 
to create a better world. 

Innovative solutions to optimize 
mAbs downstream manufacturing. 

bottlenecks and improve yields in downstream processing continues to be 
, we’re putting our expertise to work on new product 

innovations that help biomanufacturers improve their downstream efficiency. 

 PROchievA™ PROchievA™ PROchievA
recombinant protein A resin, bring best-in-class purification performance 

 resin is backed 

 resins feature a standard particle size and agarose 
base that support higher flow rates, as well as convenient packaging 
that eliminates common resin shipping, handling and storage hassles. 
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Assessing Manufacturing  
Process Robustness

A structured assessment process can determine compliance 
to lifecycle process-validation requirements.

AJAY B. PAZHAYATTIL, SANJAY SHARMA, AMOL GALANDE, MARZENA INGRAM, AND ROBERT RHOADES

T  he pharmaceutical regulatory landscape and phar-
maceutical development have been reshaped by 
International Council for Harmonisation of Technical 

Requirements for Pharmaceuticals for Human Use (ICH) 
Harmonised Guidelines. ICH guidelines Q8–Q12 (1–5) and 
those in development such as ICH Q14 (6) have applied 
science, risk management, and quality systems to enhance 
process and product quality. 

In 2011, FDA’s revised process validation (PV) guidance 
(7) extended ICH’s concepts to the pharmaceutical product 
lifecycle, an approach that is now being applied to cleaning 
validation and other areas of manufacturing, as well as to 
clinical trials (8).

This article proposes an independent structured assess-
ment process that uses data to develop insights into prod-
uct sustainability and risks. It focuses on the evaluation 
of intra- and inter-batch variability, and can be applied to 
both large- and small-molecule pharmaceuticals (9). This 
review process involves comprehensive process assessment 
(i.e., historical data review and the gathering of end-to-end 
manufacturing process data); extensive process monitoring 

and characterization exercises that enable lifecycle quality 
gaps to be addressed. The assessment process results in a 
heightened level of product and process knowledge, while 
substantially reducing the risk of potential failure.

DOCUMENTS AND METHODS
Based on the 2011 FDA process validation guidance and 
relevant ICH guidances, this assessment method requires 
the use of analytical and interpretive methods based 
on standard statistical and data visualization tools. The 
approach allows results to be verified at any time, by both 
product owner and regulator, utilizing standard statisti-
cal tools. All data sets prepared, transposed, and analyzed 
should be subject to data verification procedures to assure 
data accuracy and integrity. 

AJAY BABU PAZHAYATTIL is lead consultant, specializing in process 
validation, with Validant; SANJAY SHARMA is vice-president and head 
of technology transfer at Lupin Pharmaceuticals; AMOL GALANDE 
is senior manager of the process development laboratory at Lupin 
Pharmaceuticals; MARZENA INGRAM is senior consultant at Validant; 
ROBERT RHOADES Is managing partner at Validant.

Quality/Regulations
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Event Overview
Despite the industry challenges posed by the COVID-19 pandemic, novel gene 
therapy development has adapted and is returning to the spotlight. With this 
comes a refocus on the selection of optimal single-use materials for early-
phase regulatory compliance, which is particularly important for materials 
used in storage and cryogenic operations. To address the current concerns 
of manufacturability, however, a material’s commercial viability should also 
be discerned to ensure process economics at scale. This webinar will allow 
manufacturing and process professionals to:

•  Review key product contact material requirements and available data
•  Examine storage and cryogenic process compatibility with respect to 

functional performance 
•  Consider the case study of a material used in storage applications at 

commercial scale 

Key Learning Objectives
•  Understand the importance of material selection in reducing product 

losses during manufacturing
•  Review the characteristics of a scalable material-focused solution for 

storage and low-temperature operations 
• �Identify�suitable�materials�to�further�evaluate�in�specific�gene�therapy�

applications

Who Should Attend
•  Manufacturing science and technology engineers and scientists 
•  Process development engineer and scientists
•  Associate/senior director of process sciences and manufacturing 
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Documents required for the assess-
ment include the following: 

• standard operating procedures
• master records 
• executed batch records
• current specifications 
• analytical test methods and test 

method validation 
• analytical results 
• annual product quality review 

outcomes 
• investigation reports 
• product recalls 
• field alert report 
• product complaints
• change control 
• stability reports 
• product development report 
• submission dossiers 
• process performance qualification 

(PPQ )  protocols and reports 
• equipment qualification reports. 
The assessment uses current regula-

tory standards for validation (e.g., from 
FDA, the European Medicines Agency, 
Health Canada, and the World Health 
Organization). It also uses tools and 
methods such as cause-and-effect 
Ishikawa diagram, scientific rationale 
checklists, decision trees, as well as 
supporting analytical and statistical 
tools such as Minitab or JMP software.

The assessment focuses on ana-
lyzing the information and knowl-
edge gained f rom the three stages 
of the process validation lifecycle: 
process design, process performance 
qualification, and continued process 
verification during commercial man-
ufacturing. It is performed in the 
following two parts:

• Par t A involves a hol ist ic 
regulatory compliance review solely 
focusing on the compliance with 
the lifecycle-associated lifecycle 
regulatory guidance including 
ICH Q8, Q9, and Q10, and future 
industry trends including ICH 
Q12, Q13 (10), Q14 and how they 
work in tandem.

• Part B is a diagnostic study of 
the current process control (a 

seven-step product assessment 
process) that results in determin-
ing the adequacy of the current 
control strategy. 

PART A.  
COMPLIANCE REVIEW: 
ADHERENCE TO FDA  
PROCESS VALIDATION  
AND ICH GUIDELINES
A comprehensive compliance review 
i s  des igned to  summar ize  and 
confirm compliance with the FDA 
process validation guidance and ICH 
and other emerging guidance, based 
on observation and the available 
data. The recent ICH Q12 docment 
allows use of lifecycle guidelines 
for seamless post-approval change 
management. Adherence to lifecycle 
guidance therefore becomes more 
important for ongoing operational 
flexibility and compliance. 

Stage 1, process design assessment, 
involves the following steps:

• determining the quality target 
product profile and justification of 
critical quality attributes (CQAs) 
and critical process parameters 
(CPPs) as per ICH Q8

• applying quality risk management 
tools as per ICH Q9 

• documenting a critical manu-
facturing equipment suitability 
assessment

• determining degree and under-
standing variability 

• documenting the product control 
strategy

• determining effects of scale. 
Stage 2, process performance qual-

ification review covers aspects such as 
the following: 

• design considerations of a facility 
and qualification of utilities and 
equipment

• validation of analytical methods 
per analytical quality by design 
(QbD) as per ICH Q 14

• utilization of cumulative data from 
all relevant studies to establish the 
PPQ manufacturing conditions

• number of batches and samples 
to provide sufficient statistical 
confidence

• application of statistical process 
performance indicators 

• clear documented justification for 
manufacturing process to be in a 
state of control. 

Stage 3, continued process verification 
of the product includes the following: 

• Cont inued monitor ing and 
sampling of CPPs and quality 
attributes is at the level estab-
lished during the process qual-
if ication stage until suff icient 
data are available.

• An ongoing program is in place 
to collect and analyze product and 
process data, detecting unplanned 
departures from the process.

• The data collection plan and 
statistical methods to determine 
process stability and capability 
are adequate in identify ing 
variability in the process to signal 
potential process improvements.

• Review of failures, non-con-
formances, and trends during 
commercial manufacturing are 
conducted.

PART B.  
CONTROL STRATEGY REVIEW: 
THE SEVEN-STEP LEGACY 
PRODUCT ASSESSMENT 
The seven steps involved in Part B are 
as follows:

Identify sources of variability 
(Step 1) 
Variability is caused by contributing fac-
tors associated with materials, methods, 
machine, measurement, manpower, and 
mother nature (11). In manufactur-
ing, this relates to attributes attributes 
of material, formulation, and associ-
ated processing parameters including 
scale-up factors, processing equipment, 
test method, personnel, and facility/
utilities (Figure 1). The overall CQA 
variability is a function of individual 
component variability.

Quality/Regulations
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A cause-and-effect technique is uti-
lized to identify underlying factors that 
could have an impact on CQA that 
would affect patients (i.e., label claim 
CQAs). The assessment includes factors 
and attributes of equipment, personnel, 
and facility/utilities as show in Figure 2.

Criticality assignment (Step 2)
Upon identifying the risk factors through 
cause-and-effect techniques, a risk-rat-
ing decision tree (Figure 3) is used to 
analyze the process upon risk assessment. 
The criticality assignment will be com-
mensurate with the product/formulation 
characteristics. In addition to any prod-
uct-specific CQAs that would affect the 
patient, the review should—at a mini-
mum—assess the impact of variability 
factors on CQAs. Risk assessment must 
cover all attributes.

The decision tree with a data-
driven semi-quantitatively risk-rat-
ing system (Figure 3) is used to 
prioritize the unexamined influ-
encing factors in yellow (Figure  2) 
i d e n t i f i e d  f o r  e a c h  e l e m e n t . 
Additional review is warranted when 
the rating value is higher. 

Gap assessment (Step 3)
The decision tree-based assessment 
(Step 2) determines whether the 
established current control strategy 
for each attribute is supported by the 
cumulative documented data f rom 
relevant Stage 1 studies (e.g., design 
of experiments, development batches). 
The control strategies established to 
control and mitigate the identified risk 
factors are then reviewed to determine 
the missing parts. 

This gap assessment also evaluates 
whether the established current con-
trol strategies are derived based on 
objective information/rationale and 
data f rom original and subsequent 
process design studies. The need 
for establishing additional controls, 
including manufacturing process 
controls, is determined at the end of 
the gap assessment. 

The gap assessment also deter-
mines whether the established cur-
rent control strategy is supported 
by the cumulative data from all rel-
evant studies (e.g., designed exper-
iments, development batches, and 
PPQ batches). The control strate-
gies established to control  and 
mitigate the identified risk factors 
are reviewed to arrive at the con-
clusions. The residual risks and the 
need for establishing additional con-
trols, including manufacturing pro-
cess controls, are then identified to 
initiate a heightened sampling and 
testing Stage 3a plan for the product.

Lifecycle review and Stage 3a 
monitoring batch execution 
(Step 4)
The lifecycle review should deter-
mine, based on available lifecycle data, 

whether the current process is operat-
ing consistently within the originally 
established control strategy. The con-
trol strategy gap assessment step also 
may identify the need for additional 
controls or identify gaps in supporting 
data. The lifecycle review will deter-
mine if any commercial product data 
supports the identified gaps. 

Data from all three stages of the 
process validation lifecycle (e.g., 
design of experiments, manufactur-
ing trials, statistical analysis, annual 
product review, and commercial 
batch data) may enable the develop-
ment of a risk-based control strat-
egy that would suitably minimize 
sources of variability. Data f rom 
previous credible experience with 
sufficiently similar products and pro-
cesses may also be utilized to sup-
port the control strategy. 
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Figure 1. Sources of variability. CQA is critical quality attribute.
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Data gaps identified at Stage 1 
QbD, Stage 2 equipment/facility/
utility qualification and PPQ, and 
Stage 3 continued process verifi-
cation require that a sampling and 
testing plan be developed under a 
Stage 3a protocol to further enable 
prediction with adequate statistically 
significant data sets. 

The type of Stage 3a sampling/
testing plan developed is based on 
the product/process gaps that have 
been identified. The Stage 3a study 
focuses on processes that have not 
been characterized, or for which 
variability has not been determined. 
Extensive data must be collected and 
tested and a monitoring protocol 
executed by the technical operations 
team responsible for Stage 1 life-
cycle of the product. The Stage 3a 
lifecycle monitoring data that are 
collected supports the identified 
gaps or enables closure of existing 
Stage 1 data gaps for the product. 

Data-driven, scientifically sound Stage 
3a monitoring enables the following:

• continual enhancement of the 
product control strategy 

• collection and evaluation of 
information and data, such that 
sources of variability can be 
detected, as recommended by 
FDA process validation guidance 

• closure of the characterization 
gaps that were not addressed 

during early product development 
and to meet QbD standards, per 
ICH Q8 (R2) 

• determination of intra- and inter-
batch variability as recommended 
by FDA process va l idation 
guidance 

• development of a basel ine 
for Stage 3b monitoring as 
recommended by FDA’s process 
validation guidance.

ICH Q10 recommends management 
of product and process knowledge from 
development through commercializa-
tion and until discontinuation. The 
monitoring batches add to the body of 
knowledge on the product. FDA’s pro-
cess validation guidelines allow for use 
of credible experience with sufficiently 
similar products; hence a bracketing 
approach for monitoring may be applied 
and conclusions can be used for control 
strategy enhancement of similar products. 

The Stage 3a data collection pro-
tocol (12) developed after gap assess-
ment enables in-depth statistical 
assessment of the product. The Stage 
3a assessment will also provide a base-
line for continual Stage 3b program 
for the product. The approach sup-
ports the organization’s ability to make 
science- and risk-based continual pro-
cess improvement decisions for the 
product as well as to identify areas 
where QbD development should focus 
for similar manufacturing processes/

products. The Stage 3a monitoring 
measures are developed in line with 
upcoming revisions to ICH Q2/
Q14 and the proposed United States 
Pharmacopeia General Chapter <1220> 
framework for analytical QbD which 
requires identification of adverse 
trends, allowing proactive measures 
and facilitation of continued improve-
ments and change control through 
continued monitoring.

Historical data collection Step (5)
The extensive data collection step 
includes batch data from development, 
process performance qualification, and 
commercial manufacturing. The new 
database will include potential vari-
ables that can impact the CQAs. This 
will include, but will not be limited to, 
materials, upstream and downstream 
process parameters, equipment param-
eters, hold times, operational variables, 
operation/analytical personnel, instru-
mentation, documented weights/time, 
facility/utility parameters, and incidents. 
This step will involve extensive data 
set collection, data set review, and data 
preparation for the subsequent statisti-
cal analysis. 

As a result, the database must be 
developed so that it maximizes the 
utilization of existing product/process 
data for multivariate statistical analysis 
such as correlations. The database is 
created for variables that can impact 
CQAs. The database is utilized as a 
starting point for Stage 3b trending 
and ongoing signal detection of prod-
ucts that are determined to be robust 
post assessment. 

Statistical analysis (Step 6)
The data collected f rom Stage 3a 
heightened sampling and the histor-
ical batches are statistically analyzed 
to identify patterns and insights into 
the impact of potential sources of vari-
ability on the CQAs. Statistical soft-
ware tools such as Minitab and JMP 
may be utilized. The analysis deter-
mines the adequacy and suitability of 

Quality/Regulations

Figure 3. Risk rating method. 
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the collected data sets to support the 
current control strategy. The analysis 
first attempts to determine whether 
the original control strategy developed 
adequately meets the current standards. 

Enhancement requirements are 
then determined, based on the correla-
tions and trends observed from batch 
data across commercial manufactur-
ing. This step includes an assessment 
of within- batch and between-batch 
variability, and the associated controls 
available to minimize the variability. 
The statistical assessment can iden-
tify patterns and insights on impact 
of potential sources of variability 
on the CQAs. 

The statistical assessment tries to 
address each of the attribute gaps 
identified though Stage 3a heightened 
monitoring and analysis. The rating 
table is then updated based on the 
newly identified and generated data, as 
shown in Table I.

Interpretation of results (Step 7)
Interpretation generates actionable rec-
ommendations based on the statistical 
analysis. The data-driven estimations 
allow for in-depth product/process 
understanding, proving product robust-
ness, and are in line with regulators’ 
expectations that science and data be 
used for product and process decision 
making. The determination is based on 
data signals identified through assess-
ment of the historical data and the gen-
erated heightened results from Stage 3a 
monitoring batches. 

When adequate data are available, 
the signals seen (i.e., CQAs, key per-
formance parameters and CPPs) can 
be categorized based on risk. All sig-
nals are not created equal, and differ-
ent action plans are required for the 
yellow flags. The assessment suggests 
actions based on practical relevance 
and the statistical strength of the sig-
nal (13). As a result, this review pro-
cess enables organizations to make 
data-driven justification on the prod-
uct sustainability. 

CONCLUSION
The protocol-driven product assess-
ment closely dissects the manufactur-
ing process to determine the current 
state of control, to comprehend and 
address gaps for completeness of 
validation status. The exercise also 
determines the process robustness, 
allowing for business decision making. 
The review provides clear data-driven 
input for one of three actions: 

• Developing a Stage 3b monitoring 
program, in cases where product 
has been determined to be robust, 

• Developing a Stage 1 continuous 
improvement plan, or 

• Developing a Stage 1 remediation 
plan. 

The seven-step plan serves as the 
first concrete step in commercialized 
product risk reduction. The combina-
tion of the substantial lifecycle data 
and the newly generated Stage 3a 
data (where required) allows for mul-
tivariate analysis, and establishes an 

updated design space for the product. 
The seven-step robustness assessment 
can be considered an exercise contrib-
uting towards business continuity and 
a source of great valuefor organizations. 
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Initial attribute rating
Rating was determined following decision tree (Figure 3) Post-assessment attribute rating

Design, Qualification Design, Qualification

Review of measurements from the qualification records identifies that the baffle 
design was not studied in relation to the product.  Rating: 10

Studies to verify design at scale have been completed.

Preparation Preparation

Potential result variability may occur due to analyst-dependent mixing, dilution, 
etc. The impact of variability in prep method is not evaluated.  Rating: 10

The impact of variability in test method with auto prep-sampler was found 
acceptable during Stage 3a.

Instructions Instructions

Batch records have limited instructions, potentially contributing to variability. 
Rating: 10

Batch records were revised to include specific verified operator instructions 
to reduce operator-to-operator variability

Table I. Example of pre- and post-rating. 
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Ask the Expert: The Value of FDA 483s and Warning Letters

Q. We are a US-based start-up company, 
and we are about to put our quality 

management system in place. One of our 
consultants advised us to review Form 483 and 
warning letters issued by FDA. We looked at some 
of them but are unsure what we are expected to 
find or what to do with the information in these 
documents. Do you have any advice?

A. At the end of an FDA inspection, the 
inspectors will document observations 

of deviations from the codified regulations on 
Form FDA 483 (1). This document contains only 
the inspector’s most significant observations. 
Other observations may be communicated to 
the company verbally during the inspection. 
Importantly, FDA does not classify its inspection 
findings (e.g., as critical, major, or minor).

The inspector(s) submits his or her report to a 
district office. The district office classifies an 
inspection in one of three ways:
• Official action indicated (OAI), which means 

that the inspection was unsatisfactory, and the 
district advises enforcement actions.

• Voluntary action indicated (VAI), which means 
that deficiencies were identified, but these can 
be resolved by the company without the need 
for enforcement action.

• No action indicated (NAI), which means that 
no problems (or only very minor ones) were 
identified.

The district of fice will either issue an 
establishment inspection report (EIR) or, if 
advised, will take further action, such as issuing 
a warning letter. Warning letters are just one tool 
at FDA’s disposal to alert a firm to the fact its 
products are considered a risk to human health; 
therefore, authorities may take drastic action 
to safeguard patients (2). All warning letters 
are posted on FDA’s website and are visible to 
anyone interested, particularly the competition 
and customers. Making inspection reports easily 
accessible to the public is a peculiarity of FDA.

Redacted Form FDA 483s 
are available from FDA under 
Freedom of Information Act 
(FOIA) requests. Some commercial providers 
specialize in providing these at a fee.

What is the benefit of reviewing these 
documents, and what can you do with the 
information found? The rules and regulations 
(e.g., 21 Code of Federal Regulations Parts 210 
and 211) describe the requirements a company 
must comply with. There are, however, many 
aspects that are not described in much detail, 
such as how to perform complaints investigations, 
how to respond to inspection observations in an 
acceptable manner, and much more. What you 
can glean from Form 483s and warning letters is 
basically an interpretation of the regulations (i.e., 
the agency’s thinking and expectations). 

Of course, you need to filter the information and 
only review what may be relevant to your line of 
business. Still, there will be plenty of information that 
can help you avoid making costly mistakes. Bear in 
mind that the reported observation only tells part of 
the whole story, and there is much information, such 
as the actual product involved, that is confidential and 
thus not reported (i.e., redacted). As the observations 
on Form 483 are not classified, companies should 
take them all seriously. Not doing so could result in 
a warning letter, and that definitely would mean that 
the company is in trouble. 

Making mistakes is human, repeating mistakes 
others made, and which have been reported in 483s 
or warning letters, is just plain careless and bad 
management. Unlike other regulatory agencies, 
FDA provides these valuable resources to anyone 
who cares to read them. It is a great opportunity for 
you to make good use of them.
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To say that developing biologics is a complex undertaking is the 
height of understatement. That’s why it’s so important that 
labs establish a 360-degree view on the development process 

from its earliest stages through manufacturing. Yet doing so requires 
making sense of massive amounts of data—and that, in turn, requires 
deploying sophisticated analytical tools that transform raw information 
into knowledge that permits sharper control of upstream bioprocesses.

Jörg Schwinde, key segment manager for vaccines and monoclonal 
antibodies at the Eppendorf Bioprocess Center, is no stranger to these 
challenges, and he shared with BioPharm International his view of 
which strategies will help labs best optimize upstream bioprocess 
analytics both now and in the future. His key takeaway: Only with 
a thorough understanding of processes can labs improve finished-
product quality, while also streamlining process efficiency.

BIOPHARM INTERNATIONAL: Upstream bioprocess development 
is an integral part of the development of new biologics. What are 
today’s main process-development challenges? How have they 
changed in recent years?
SCHWINDE: The main challenges are time, cost and safety. Biologics 
process development aims to create a product that will be used in 
medical treatments. Therefore, it’s very important to get as much 
information as possible about the process—and in the early stages of 
development. Among the key tools in this area is process analytical 
technology (PAT), which provides critical support in subsequent 
stages, including manufacturing.

What has changed in the past few years is the success of “platform 
technologies,” which contribute to improving the time and cost 
aspects. For example, cultivation media components that have 
already been prepared can be put together without the need to 
search for a newly composed one for a given strain or cell line. This 
dramatically shortens process development timelines.

BIOPHARM INTERNATIONAL: Besides pH, temperature, and 
dissolved oxygen, what relevant parameters are important to 
consider in antibody upstream bioprocess development, and why?
SCHWINDE: First, there’s the behavior of a strain or cell line—for 
example, the determination of the growth kinetics, the ratio between 
total cell density and viable cell density and the productivity of the 
cells. Additional parameters include the characterization of substrate 
consumption and the metabolic state.

Furthermore, the product needs to be characterized: Is it the target 
one? Are there undesirable byproducts that can significantly affect 

From Data to Control: Process Analytics 
in Upstream Bioprocess Development product quality? Monitoring all of this is quite a 

complex task.

BIOPHARM INTERNATIONAL: When it comes to the 
most relevant process parameters, do we see major 
differences between processes for monoclonal 
antibody production and processes for other 
biologics, like vaccines, enzymes and hormones?
SCHWINDE: When the focus is a protein or protein 
subunit, the processes appear quite similar. There 
may be some different safety requirements for the 
process—as in vaccine development, where pathogens 
or inactive pathogen components can be used.

But where we see more notable differences is in the 
techniques for developing messenger RNA, DNA and 
vector vaccines. Here, parts of the processes are even 
cell-free, so traditional parameters—for example, 
oxygen control—don’t have to be considered.

BIOPHARM INTERNATIONAL: What strategies is 
industry applying to monitor and control relevant 
process parameters?
SCHWINDE: The monitoring of parameters can be 
offline, as with external analyzers in combination 
with sampling devices. This sampling can be 
automated, but the challenges here include the 
additional manual workload and the absence of 
automated feedback loops.

Automated feedback loops are possible through 
online analyzers, which provide almost real-time data 
and spare sampling steps. They’re installed at the 
bioreactors, which are dedicated to cell culture, or at 
the fermenters, which are dedicated to microbes, and 
they’re an integral part of the reactor setup.

Then at least two more components are necessary—
namely, bioreactor- or fermenter-control software, 
which receives the sensor signals and controls the 
acting units inside the process-control system. This 
may be a pump or an aeration unit, to mention 
just two examples. And the challenge here is to 
have sufficient ports available at the bioreactor or 
fermenter. This is most often the case with smaller-
sized units in the range of 50 milliliters and 1,500 
milliliters in terms of working volumes.

In any case, to reduce the workload, speed up the 
process and more, the online solution with the option 
for automated feedback control is very attractive.

BIOPHARM INTERNATIONAL: When integrating 
external analyzers and implementing feedback 
control loops, what are the considerations for 
working at different scales from R&D to production?
SCHWINDE: It’s desirable to have a process already 
characterized such that production doesn’t need 
those analyses to that extent—pH, temperature or 
oxygen control aside. Apart from this, the different 
working volumes can affect the response time for 
control. But in principle, the feedback control loops 
work similarly.

BIOPHARM INTERNATIONAL: Eventually, 
bioengineers need to monitor and control various 
process parameters using external analyzers. What 
challenges does this pose to bioprocess control 
systems, and which bioprocess hardware and 
software capabilities are especially important?
SCHWINDE: We already touched on some aspects 
around external analyzers, but in addition to that, it’s 
important to ensure communication between the 
control software and the analyzer hardware.

Analog and digital options are available, and the 
latter can be understood as a signal transfer through 
bits and bytes. One communication standard 
in this frame is what’s known as open-platform 
communication, abbreviated OPC, and which 
typically works via Ethernet.

Between the software and hardware there’s a kind 
of “sending-and-receiving” relationship defined as 
the server-client relationship.

BIOPHARM INTERNATIONAL: In your opinion, 
which developments in data acquisition, analytics 
and process automation will become more 
important in upstream bioprocessing in the 
coming years?
SCHWINDE: While we’ve mentioned quite a few  
in our conversation so far, acquisition, analytics,  
and automation will get faster, even more precise, 
and more powerful. This will be supported by 
predictive analyses (i.e., design-of-experiment 
approaches) and by artificial intelligence.

And those options provide tremendous 
opportunities to simulate processes ahead of time 
and predict where challenges lie and how to bypass 
them successfully—all of which contributes to time, 
cost savings and safety.

Jörg Schwinde
Key Segment Manager  
for Vaccines and  
Monoclonal Antibodies
Eppendorf Bioprocess Center

https://www.eppendorf.com/US-en/
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To say that developing biologics is a complex undertaking is the 
height of understatement. That’s why it’s so important that 
labs establish a 360-degree view on the development process 

from its earliest stages through manufacturing. Yet doing so requires 
making sense of massive amounts of data—and that, in turn, requires 
deploying sophisticated analytical tools that transform raw information 
into knowledge that permits sharper control of upstream bioprocesses.

Jörg Schwinde, key segment manager for vaccines and monoclonal 
antibodies at the Eppendorf Bioprocess Center, is no stranger to these 
challenges, and he shared with BioPharm International his view of 
which strategies will help labs best optimize upstream bioprocess 
analytics both now and in the future. His key takeaway: Only with 
a thorough understanding of processes can labs improve finished-
product quality, while also streamlining process efficiency.

BIOPHARM INTERNATIONAL: Upstream bioprocess development 
is an integral part of the development of new biologics. What are 
today’s main process-development challenges? How have they 
changed in recent years?
SCHWINDE: The main challenges are time, cost and safety. Biologics 
process development aims to create a product that will be used in 
medical treatments. Therefore, it’s very important to get as much 
information as possible about the process—and in the early stages of 
development. Among the key tools in this area is process analytical 
technology (PAT), which provides critical support in subsequent 
stages, including manufacturing.

What has changed in the past few years is the success of “platform 
technologies,” which contribute to improving the time and cost 
aspects. For example, cultivation media components that have 
already been prepared can be put together without the need to 
search for a newly composed one for a given strain or cell line. This 
dramatically shortens process development timelines.

BIOPHARM INTERNATIONAL: Besides pH, temperature, and 
dissolved oxygen, what relevant parameters are important to 
consider in antibody upstream bioprocess development, and why?
SCHWINDE: First, there’s the behavior of a strain or cell line—for 
example, the determination of the growth kinetics, the ratio between 
total cell density and viable cell density and the productivity of the 
cells. Additional parameters include the characterization of substrate 
consumption and the metabolic state.

Furthermore, the product needs to be characterized: Is it the target 
one? Are there undesirable byproducts that can significantly affect 

From Data to Control: Process Analytics 
in Upstream Bioprocess Development product quality? Monitoring all of this is quite a 

complex task.

BIOPHARM INTERNATIONAL: When it comes to the 
most relevant process parameters, do we see major 
differences between processes for monoclonal 
antibody production and processes for other 
biologics, like vaccines, enzymes and hormones?
SCHWINDE: When the focus is a protein or protein 
subunit, the processes appear quite similar. There 
may be some different safety requirements for the 
process—as in vaccine development, where pathogens 
or inactive pathogen components can be used.

But where we see more notable differences is in the 
techniques for developing messenger RNA, DNA and 
vector vaccines. Here, parts of the processes are even 
cell-free, so traditional parameters—for example, 
oxygen control—don’t have to be considered.

BIOPHARM INTERNATIONAL: What strategies is 
industry applying to monitor and control relevant 
process parameters?
SCHWINDE: The monitoring of parameters can be 
offline, as with external analyzers in combination 
with sampling devices. This sampling can be 
automated, but the challenges here include the 
additional manual workload and the absence of 
automated feedback loops.

Automated feedback loops are possible through 
online analyzers, which provide almost real-time data 
and spare sampling steps. They’re installed at the 
bioreactors, which are dedicated to cell culture, or at 
the fermenters, which are dedicated to microbes, and 
they’re an integral part of the reactor setup.

Then at least two more components are necessary—
namely, bioreactor- or fermenter-control software, 
which receives the sensor signals and controls the 
acting units inside the process-control system. This 
may be a pump or an aeration unit, to mention 
just two examples. And the challenge here is to 
have sufficient ports available at the bioreactor or 
fermenter. This is most often the case with smaller-
sized units in the range of 50 milliliters and 1,500 
milliliters in terms of working volumes.

In any case, to reduce the workload, speed up the 
process and more, the online solution with the option 
for automated feedback control is very attractive.

BIOPHARM INTERNATIONAL: When integrating 
external analyzers and implementing feedback 
control loops, what are the considerations for 
working at different scales from R&D to production?
SCHWINDE: It’s desirable to have a process already 
characterized such that production doesn’t need 
those analyses to that extent—pH, temperature or 
oxygen control aside. Apart from this, the different 
working volumes can affect the response time for 
control. But in principle, the feedback control loops 
work similarly.

BIOPHARM INTERNATIONAL: Eventually, 
bioengineers need to monitor and control various 
process parameters using external analyzers. What 
challenges does this pose to bioprocess control 
systems, and which bioprocess hardware and 
software capabilities are especially important?
SCHWINDE: We already touched on some aspects 
around external analyzers, but in addition to that, it’s 
important to ensure communication between the 
control software and the analyzer hardware.

Analog and digital options are available, and the 
latter can be understood as a signal transfer through 
bits and bytes. One communication standard 
in this frame is what’s known as open-platform 
communication, abbreviated OPC, and which 
typically works via Ethernet.

Between the software and hardware there’s a kind 
of “sending-and-receiving” relationship defined as 
the server-client relationship.

BIOPHARM INTERNATIONAL: In your opinion, 
which developments in data acquisition, analytics 
and process automation will become more 
important in upstream bioprocessing in the 
coming years?
SCHWINDE: While we’ve mentioned quite a few  
in our conversation so far, acquisition, analytics,  
and automation will get faster, even more precise, 
and more powerful. This will be supported by 
predictive analyses (i.e., design-of-experiment 
approaches) and by artificial intelligence.

And those options provide tremendous 
opportunities to simulate processes ahead of time 
and predict where challenges lie and how to bypass 
them successfully—all of which contributes to time, 
cost savings and safety.

Jörg Schwinde
Key Segment Manager  
for Vaccines and  
Monoclonal Antibodies
Eppendorf Bioprocess Center



36     BioPharm International July 2021   www.biopharminternational.com

A
nc

ha
le

e/
St

o
ck

.A
d

o
b

e.
co

m

Preparing for the Unexpected: 
E&L Studies in Biopharma

New challenges in extractable and leachable 
studies for cell and gene therapy products.

MARK ROGERS

E xtractable and leachable (E&L) studies have become 
an integral part of any drug development program 
and serve to ensure compatibility between the product 

and its packaging. While such studies are now generally well 
defined in terms of experimental design and data evaluation, 
these have had to adapt to the ever-increasing diversity of 
therapeutic products. There are, for example, some unique 
challenges in the analysis of biopharmaceutical products as a 
result of certain formulation components, as well as the com-
plexity of the therapeutic itself. This article describes a number 
of challenges and solutions in the E&L evaluation of biophar-
maceuticals, and highlights a selection of those encountered 
with emerging cell and gene therapy (CGT) products.

ONGOING E&L CHALLENGES
The risks posed by leachables on product quality and patient 
safety are an ongoing challenge for the pharmaceutical 
and biopharmaceutical industries. Continued investiga-
tional development in this area is primarily driven by a 
number of factors, including: the increased adoption of 
single-use technologies; progress in the medical device 

field, particularly combinational devices; expanded direc-
tives from industry regulators; and advances in analytical 
technologies.

Extractables (1) are defined as compounds that migrate 
from any product-contact material (including elastomeric, 
plastic, glass, stainless steel, or coating components) when 
exposed to an appropriate solvent, under exaggerated 
conditions of time and temperature. To study materials at 
risk of potential leachable components, extractions of the 
contact material are performed, generally using aggressive 
conditions including acidic, basic, organic, and aqueous 
solvents. These conditions are not intended to distort 
the material under investigation but do attempt to mimic 
the drug formulation. The resulting extracts are usually 
analyzed using a combination of analytical techniques 
such as liquid chromatography–mass spectrometry (LC–
MS), gas chromatography–mass spectrometry (GC–MS), 

MARK ROGERS, PhD, mark.rogers@sgs.com, is the global scientific 
director for the SGS Health Science Drug Development group.
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and inductively coupled plasma–mass 
spectrometry (ICP–MS) that can 
qualitatively and quantitatively eval-
uate both the organic and inorganic 
components, or “extractables”. Such 
studies are typically performed to 
represent a worst-case scenario and 
may provide an indication of possi-
ble leachable components as well as 
facilitate material selection during 
early risk assessment.

Leachables (1) are compounds, 
often identified during extraction 
studies, that migrate into a drug for-
mulation from any product-contact 
material (elastomeric, plastic, glass, 
stainless steel, or coating compo-
nents). This leaching happens as a 
result of direct contact under normal 
process or accelerated storage condi-
tions, such as elevated temperature. 
However, if the leachable interacts 
with the drug product (as may be 
the case particularly with biothera-
peutics) or packaging materials, new 
components can be generated that 
are known as “secondary leachables”. 
The complexity of many formula-
tions, often containing a variety of 
buffers, surfactants, fillers, and other 
excipients, can lead to the formation 
of secondary leachables only identi-
fied after long-term stability studies.

BIOLOGIC E&L STUDIES: 
THE DIFFICULTIES
E&L evaluation of traditional phar-
maceutical medicines is now well 
established and may be undertaken 
with a certain predictability in exper-
imental design and even outcome. 
In contrast, however, certain excip-
ients used in the formulation of 
some biotherapeutics present unique 
analytical challenges for leachable 
determination. Among these excip-
ients are the commonly used non-
ionic surfactants, such as polysorbate 
80 (Tween 80), which constitute a 
mixture of fatty acid esters of poly-
oxyethylene sorbitan. These have 
an extremely low ultraviolet (UV ) 

response but are highly responsive to 
ionization methods commonly used 
in LC–MS (2). This often leads to 
significant interference, either by 
co-elution and/or suppression during 
analysis, raising the real possibility of 
contaminants remaining undetected. 
Extraction of these surfactants prior 
to analysis is a possible means of 
mitigation but is often not highly 
effective due to the surfactant ’s 
inherent heterogeneity and limited 
extraction efficiency. Care must also 
be taken in the application of such 
an approach since the leachable may 
be co-extracted with the surfactant.

In the growing area of CGT, there 
are currently no specific guide-
lines for E&L studies. However, 
such products have some unique  
challenges, such as the use of “ancil-
lary materials”. These materials are 
used during manufacturing but are 
not intended to be present in the final 
product. They are often themselves 
complex biological materials, such 
as recombinant insulin and human 
serum albumin, used as media sup-
plements, and collagen, used as a scaf-
fold in implantable devices (3). Since 
these materials can potentially interact 
with and be affected by leachables, in 
the same manner as the biotherapeu-
tic itself, the choice of materials and 
controls must be carefully considered 
to avoid adverse consequences for the 
manufacturing process. 

The evaluation of biotherapeutics 
for leachables presents many chal-
lenges, some of which are somewhat 
unique to this type of product. For 
example, the biopharmaceutical itself 
may interfere in the testing regimen 
due to its high concentration, hetero-
geneity, and/or high detector response. 
A potential solution is to remove the 
biotherapeutic prior to analysis, but 
the procedure must be very carefully 
considered because associated leach-
ables may be unknowingly removed 
and/or additional extraneous compo-
nents may be introduced.

The major concern of  leach-
ables in pharmaceutical products is 
their specific toxicity and/or geno-
toxicity. The additional issue with 
biotherapeutics is the potential for 
interaction between the structurally 
complex biopharmaceutical itself and 
any leachable components. Compared 
to traditional pharmaceuticals, pro-
teins and other biotherapeutics are 
often significantly less stable, due to 
their strong dependence on physi-
co-chemical and conformational 
structural properties. These larger 
molecules often have both hydrophilic 
and hydrophobic regions, with many 
reactive sites for possible leachable 
binding, potentially resulting in the 
loss of activity via mechanisms such 
as unfolding, truncation, aggregation, 
and precipitation. Consequently, the 
adverse effects of extractables and 
leachables can be more significant 
and more difficult to assess on bio-
pharmaceutical products than small 
molecules. Acrylic acid, for example, 
a leachable from syringes, has been 
shown to react at three different sites 
within a protein structure, resulting 
in potential changes in charge and 
hydrophobicity with consequential 
effects on the therapeutic properties 
of the protein-based drug (4).

As the manufacture of many bio-
therapeutics involves cellular-based 
processes, the presence of certain 
leachable components can have unfa-
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vorable consequences not only on the 
final drug product but also on the 
production process itself. Productivity 
can certainly be adversely affected by 
leachables that result in cellular toxic-
ity, leading to significant loss in man-
ufacturing yield. 

During the past decade, many 
biotherapeutic manufacturers have 
migrated to the use of disposable, 
single-use systems (SUS) for pro-
duction, and this has now become 
commonplace in the emerging CGT 
field. Every operational phase of a 
biomanufacturing process that uses 
SUS technology is at risk of leach-
able contamination. This contamina-
tion can be introduced as a result of 
contact and interaction with differ-
ent materials, such as polymers, met-
als, and additives used to construct 
holding tanks, films, bags, tubing, and 
filters. This concern extends to con-
tainers for buffers, media, water for 
injection, and other liquids required 
for manufacturing. The possibility of 
leachable accumulation may also arise 
since concentration stages are often 
used in the manufacturing process.

The majority of biopharmaceu-
ticals are injectable products and, 
therefore, contaminants enter the 
bloodstream directly, without the 
potential for depletion in the gut as 
with oral medications. In addition, 
many biotherapeutics, particularly 
monoclonal antibodies, are dosed in 
high concentrations (multiple mg/
mL) and are produced in liquid, with 
complex formulations. These drugs 
can be stored for long periods of 
time, providing higher risk of leach-
able adulteration of the product than 
the solid dose forms common with 
traditional pharmaceuticals.

Certain products developed in the 
CGT area can present further chal-
lenges for E&L evaluation. Since 
the quantities of product can be rela-
tively low, the ratio of contact mate-
rial surface to the drug volume is 
very high, increasing the potential 

for leachable contamination. This 
may be further exacerbated in those 
treatments that are essentially cus-
tomized, with each patient receiving 
the entire product dose.

PRODUCT 
DEVELOPMENT STRATEGY
Risk assessment in terms of E&L is 
now an integral part of any product 
development strategy. This is of par-
ticular importance for CGTs, which 
should not only evaluate the likely 
compatibility of contact materials used 
in manufacturing, but also include an 
experimental study designed to provide 
an accurate assessment of the extract-
able and leachable profiles.

While many biotherapeutics are 
produced as liquid formulations, lyo-
philized forms of drug product are 
also commonplace, as part of efforts 
to improve stability during stor-
age. Interestingly, the FDA Center 
for Drug Evaluation & Research, the 
FDA Center for Biologics Evaluation 
& Research, and the United States 
Pharmacopeia l  Convent ion ( in 
United States Pharmacopeia <1664> [5]), 
describe sterile powders for injec-
tion as being “low risk” for leaching, 
despite some evidence to the contrary. 
It has been demonstrated, for exam-
ple, that several semi-volatile organic 
compounds originating f rom butyl 
rubber stoppers—part of the primary 
packaging system—may leach into a 
lyophilized product but not a liquid 

formulation stored in the same packag-
ing (6). The explanation for this find-
ing lies in the hydrophobicity of the 
leachables, rendering them very poorly 
soluble in aqueous media but able to 
diffuse from the stopper. This is per-
haps facilitated by their volatility and 
the nature of the drug product.

There are multiple types of material 
used in the manufacture and storage 
of biopharmaceuticals, and most may 
be classified as either glass, metal, or 
synthetic polymer/elastomer. The latter 
are recognized as the most significant 
sources of leachables, often resulting 
from monomers/oligomers of the poly-
mer itself, as well as catalysts, initiators, 
additives (e.g., lubricants, antioxidants, 
antitack, and antistatic agents), adhe-
sives, anchoring agents, adhesive resins, 
colors, fillers, and degradation products 
of almost all these components. The 
diversity and nature of these potential 
contaminants and their often-unpre-
dictable interactions with formulated 
biopharmaceuticals pose significant 
challenges to analytical assessment of 
the drug products and process materi-
als. There are now significant guidance 
documents available from regulatory 
authorities, industry organizations, and 
researchers providing at least some 
support in the design and rationale for 
suitable experimental approaches.

For biopharmaceuticals, inorganic 
leachables (generally associated with 
glass and metal) are of particular con-
cern because of their potential impact 
on the stability and efficacy of the drug 
itself. A metal commonly used is stain-
less steel, which has found applica-
tions in manufacturing, shipping, and 
storage, and is known to leach iron, 
chromium, and nickel, particularly if 
the steel is unpassivated (7). Trace lev-
els of metal ions can potentially cause 
protein degradation by mechanisms 
such as protein oxidation and frag-
mentation. The latter occurs because 
of the metal-binding propensity of 
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and development time and lower the cost of biologics 
and vaccines using either microbial fermentation or 
mammalian cell culture production systems. We enable 
our clients developing a wide variety of biologics including 
monoclonal and bispecific antibodies, antibody drug 
conjugates, Fc-fusion proteins, enzymes, and other 
recombinant proteins. We also provide development and 
manufacturing platforms for virus and nucleic acid-based 
(e.g., plasmid and mRNA) therapeutics and vaccines. 

WuXi Biologics eliminates the time-consuming project 
hand-offs and troubleshooting issues that come with 
the conventional multi-vendor drug development and 
manufacturing model.  We are truly a one-stop service 
offering, with a dedicated project management team, 
industry leading scale-out manufacturing paradigm, and 
Global Dual Source supply chain strategy.

We provide a quality system and operations that meet 
worldwide regulatory guidances. Our audit track record 
demonstrates our commitment to meeting worldwide 
regulatory standards as validated by GMP manufacturing 
accreditations from the US FDA, EMA, NMPA, 
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passed over 370 audits by our global clients and 42 
Qualified Persons (QPs) since 2014. 

WuXi Biologics has strong technical capabilities, 
extensive experience, and state-of-the-art, open-access 
technology platforms that allow our customers to initiate 
a project at any stage in the discovery and development 
process. We provide six biologics discovery platforms for 
lead identification and characterization, novel bispecific 
antibody and antibody drug conjugate engineering 
platforms, robust and novel cell line development 
technologies and advanced continuous bioprocessing/
biomanufacturing platforms.

Our leadership team consists of over 400 scientists 
with 15–20 years of experience working at the forefront of 
the biologics industry. While at WuXi Biologics, this team 
has enabled eight BLA/MAA and over 172 worldwide 

IND submissions in just six years. Our expertise covers 
all facets of drug development from discovery to GMP 
manufacture of final drug product. We have established 
unparalleled capacities to enable our partners and have 
assembled one of the largest biologics development teams 
in the world with over 3000 scientists and engineers. 

We operate multiple clinical and commercial drug 
substance and drug product manufacturing facilities, 
including several of the world’s largest disposable 
bioreactor-based biologics manufacturing sites. Our 
current GMP drug substance manufacturing capacity 
is over 90,000 L (150,000 L by the close of 2021) and 
growing to 430,000 L across five countries after 2024. 
In 2021, we will have GMP-ready manufacturing sites 
in Germany and the US on top of our well-established 
manufacturing operations in China.

Contact us today about partnering opportunities.
www.wuxibiologics.com

WuXi Biologics
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https://www.wuxibiologics.com


DEDICATED DIALOGUE DEDICATED DIALOGUESPONSORED CONTENT SPONSORED CONTENT

Sponsored by

A variety of kits used to extract nucleic-acid  
containing RNA and DNA depending on need and 
sample throughput. 

Thermo Fisher Scientific’s research and development scientists are 
exploring how current starting samples, such as saliva, and various 
methods being used for SARS-CoV-2 testing and research can be 

applied to other genomic applications. BioPharm International recently 
spoke with Lillie Manley and Yogi Bordiya, Molecular Biology Research 
and Development Scientists at Thermo Fisher Scientific, about this 
research as well as a recent study conducted using automated, magnetic 
bead-based extraction chemistries for high-throughput research and 
genetic testing. 

BIOPHARM: In addition to detecting SARS-CoV-2, what are other 
applications for saliva? 
BORDIYA: Apart from detection of respiratory pathogens such as 
SARS-CoV-2, saliva can be used for genomic DNA extraction for many 
downstream applications, including whole genome sequencing, 
genotyping, and ancestry research. In fact, a well-known genetic testing 
company that provides ancestry information extracts genomic DNA from 
saliva using the Thermo Fisher MagMAX DNA Ultra 2.0 Kit. Saliva can 
be a source of a high quality DNA and RNA. We have data showing that 
the quality of nucleic acid from saliva is equivalent to that of blood and 
buccal swabs and can be used for the most sensitive molecular biology 
techniques, such as quantitative polymerase chain reaction (qPCR) and 
next-generation sequencing (NGS). Saliva is also a good option because 
it is non-invasive and easy to collect (compared to blood or plasma) and is 
very cost effective. 

BIOPHARM: What studies have Thermo Fisher Scientific  
conducted to compare saliva with other sample types for sequencing 
and applications?
MANLEY: We recently conducted a study comparing matched saliva, 
blood, and buccal swab samples from the same donor. We collected 
these matched samples from an array of 25 different donors—varying 
in age, sex, and ethnicity—and found that more than 90% of common 
genetic variants can be detected consistently across all three sample 
types. The data collected from this study are incredibly valuable and 
demonstrate that alternative, non-invasive sample types can be used 
for strong genetic variation data. Our study showed that we can rely on 
saliva to provide the same information that we can get from blood or 

Innovative Solutions for High-Throughput 
DNA Extraction from Saliva for  
Genetic Testing

buccal swabs. Another important finding we has was 
that high quality DNA extracted from saliva can be 
comparable to the gold standard of blood and can be 
used for basic molecular biology techniques such as 
genotyping, real-time PCR, qPCR and NGS.

BIOPHARM: Can this same solution or methodology 
be used to study SARS-CoV-2 or other infectious 
disease variants?
BORDIYA: Most definitely. Recent studies have 
showed that even Zika virus can be detected in 
saliva (1)(2). A large number of respiratory pathogens 
are not only present in the respiratory system, but 
also in oral cavities and within the digestive system. 
This is not surprising because our mouth connects 
both respiratory and digestive systems. Apart from 
respiratory pathogens, saliva can be used to detect 
bacteria that causes gingivitis and other oral diseases. 

Thermo Fisher Scientific offers nucleic acid isolation 
kits for research on infectious disease-causing 
pathogens. One kit that helped fight against the 
current pandemic is the MagMAX Viral/Pathogen II 
Nucleic Acid Isolation Kit (MVP II Kit). This kit has a 
CE-IVD marked option (Cat. No. A48383) for extraction 
of viral RNA and DNA from nasopharyngeal swabs. 
We also offer the MVP II kit for research use only (Cat. 
No. A48383R) to recover nucleic acids from viruses 
and from gram-negative bacteria. This can be used 
on various sample types, including blood, nasal swabs, 
urine, saliva, and viral transport media. We also offer 
the MVP Ultra (Cat. No. A42356). This kit can be used 
to extract nucleic acids from gram-positive bacteria, 
which is more difficult to lyse. Additionally, this kit can 
extract DNA from pathogenic fungi, such as Candida 
albicans. These two kits are specific to pathogens, 
including viruses and bacteria. However, if you have an 
application for DNA-specific extraction kits, we offer 
the MagMAX DNA Ultra 2.0 Kit (Cat. No. A36570), which 
is for extraction of high-quality DNA from saliva, blood, 
buffy coat, tissues, buccal swabs, and oral rinses. 

For those interested in RNA-based applications, the 
MagMAX mirVana Total RNA extraction kit extracts 
the total RNA as well as microRNA, which is an intense 
area of research because microRNA control gene 
regulation, transcription, and translation. The MagMAX 
mirVana Total RNA extraction kit is for specific sample 
types such as formalin-fixed, paraffin-embedded 
tissue, or plant-based and animal tissues. 
Another kit is the MagMAX Cell-Free DNA kit (Cat. No. 

A29319), which extracts cell-free DNA from blood or 
plasma. This is extremely useful in cancer research. 
Tumors shed a lot of nucleic acid into bloodstream. 
Instead of trying to get a piece of tissue for tumor 
biopsy, which is highly invasive, you can simply collect 
the blood from a patient and extract the cell-free DNA 
from plasma, which contains nucleic acids that are 
shed by the tumor. This provides insight into the type 
of tumor and mutations. 

BIOPHARM: How can all of this help solve customer 
pain points?
MANLEY: Our comprehensive line of nucleic acid 
extraction kits can be used for an array of sample types. 
Using the MagMAX line of kits, customers can get 
high quality genomic DNA, total RNA, micro RNA, and 
cell-free TNA or total nucleic acid. Depending on the 
lab and its needs, anywhere from a handful of samples 
a day to thousands of samples a day may need to be 
processed. Because of this, we provide options for  
very low to very high throughput. Additionally, many 
of our kits come with both manual and automated 
extraction protocol.

Our semi-automated and automated workflows utilize 
sample preparation instruments from our KingFisher 
lines like Flex, Presto, Duo Prime, and our new Apex 
instruments. KingFisher Flex and Apex Instruments 
can extract up to 96 samples in one run, which is useful 
when dealing with semi-high to high throughput 
sample processing. For ultra-high throughput needs, 
we have automated workflow options that can be 
paired with robotic liquid handlers to automate full 
workflow and process thousands of samples a day. 
These instruments are really key for bead-based 
extraction kits like the MagMAX Multi-Sample Ultra 2.0, 
which we used in the sequencing study mentioned 
above. KingFisher and MagMAX provide options for 
decreasing the turnaround time, which is one of the 
most important factors in any lab setting. There are 
so many versatile options for extraction with many 
different sample types and applications.
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A variety of kits used to extract nucleic-acid  
containing RNA and DNA depending on need and 
sample throughput. 
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a day to thousands of samples a day may need to be 
processed. Because of this, we provide options for  
very low to very high throughput. Additionally, many 
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extraction kits like the MagMAX Multi-Sample Ultra 2.0, 
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Viral Clearance Testing 
Increasingly Challenged by 
New Biologic Modalities

New biologic modalities, such as cell and gene therapies, 
pose increasing difficulties in viral clearance testing methods.

FELIZA MIRASOL

T esting for viral clearance in downstream bioprocessing 
is growing increasingly challenging for new biologic 
modalities as the processes to make these therapies 

are themselves becoming more complex. For example, gene 
therapies rely on the use of viral vectors in the manufactur-
ing process, so distinguishing viral vector components from 
virus contamination requires sensitive and discriminating 
testing methods. Do current techniques address these chal-
lenges or is further innovation required to ensure continued 
product quality and purity?  

DEALING WITH COMPLEXITY
There are two primary factors that can increase the difficulty 
of viral clearance, says Alex Schwartz, product specialist, Viral 
Clearance, Sartorius. First, the raw material inputs for a number 
of these new biologic modalities require the use of high-risk 
items, such as animal- or human-derived sera, he explains. The 
use of these high-risk materials means there is a significant 
increase in viral contamination risk because these materials are 

frequently contaminated, and testing is not always 100% effec-
tive at screening, he cautions. 

Secondly, these new modalities have significantly reduced 
downstream unit operations. “While viral vectors cannot be 
processed through traditional viral inactivation methods, they 
often only rely on one or two column processes that may or 
may not provide robust viral clearance greater than four log 
reduction values (LRV),” Schwartz states. Thus, in cell ther-
apies, there are no effective chromatographic techniques, and, 
like the viral vector space, no viral inactivation is considered 
safe for the product. Additional efforts are thus usually taken as 
a viral barrier in the cell culture processing, he adds.  

Marc Breton, group leader III, Viral Clearance Services, 
Eurofins BioPharma Product Testing, adds that, for these new 
modalities, the challenge to overcome is to accurately distin-
guish native (product related) virus from the spiking virus used 
to challenge a process step.  

Meanwhile, Joshua Huffer, technical specialist, Field 
Technology Management, MilliporeSigma, emphasizes that 

Downstream Processing
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the most difficult aspect of many of 
these advanced medicinal therapeutic 
products (ATMPs) is the fact that it is 
difficult to find a processing step that 
will selectively inactivate or remove the 
potential viral contaminants without 
inactivating the biological product. “For 
example, retroviral or lentiviral gene 
therapy vectors will be inactivated by 
steps that inactivate enveloped viruses. 
These products are relatively large, so 
that virus filtration cannot be used,” he 
points out.

The same difficulties also exist for cell 
therapies. Apart from non-enveloped 
viral therapies (e.g., adeno-associated 
virus [AAV] viral vectors), viral clear-
ance is not an option for cell and gene 
therapies, Huffer says. “In the absence 
of any potential viral clearance, extra 
scrutiny is placed on the cell line char-
acterization and testing the input raw 
materials to reduce the risk of any poten-
tial viral contamination,” he explains. 
“For enveloped viral vectors and cell ther-
apies, we recommend the use of barrier 
methods to treat the cell culture medium 
and medium components.”

Methods, such as high-temperature, 
short-time (HTST) and virus reduction 
filtration, reduce the risk of the potential 
entry of a viral contaminant into man-
ufacturing, Huffer adds, explaining that 
barrier filters are designed for this pur-
pose. “This mitigation method is well-
suited to the smaller batch sizes used 
in cell therapies and some gene therapy 
products,” Huffer states.

Meanwhile, non-enveloped viruses, 
such as AAV, can follow more tradi-
tional viral clearance routes. “These 
viruses are much more resistant to deter-
gent and low pH treatment steps, which 
will inactivate enveloped viruses. The 
use of viral filters with larger pore sizes 
(e.g., 35 nm, 50 nm, 70 nm) will allow 
the small AAV vector to pass through, 
while retaining larger enveloped viruses. 
An inactivation step and a viral filtra-
tion step will add robust clearance of 
enveloped viruses to the manufacturing 
process for an AAV product. Affinity 

chromatography and anion exchange 
chromatography can potentially contrib-
ute to viral reduction from the purifica-
tion stream,” Huffer explains.

AN EFFECTIVE APPROACH
With these challenges, having the right 
approach and techniques is important for 
successful virus removal to ensure product 
quality/purity for ATMPs. Although the 
number of chromatography steps for a 
gene or cell therapy are limited compared 
to other fields, such as monoclonal anti-
body (mAb) products, there are still com-
mon steps that can be used for most gene 
therapy studies, including affinity and 
anion exchange chromatography, says 
Tareq Z. Jaber, PhD, manager, Process 
Evaluation, Charles River Laboratories. 
Jaber explains that these steps can cover 
both enveloped and non-enveloped 
viruses, including parvovirus models (in 
AAV products) or retrovirus models (in 
lentiviral products). “Including other 
steps, such as detergent inactivation, will 
depend on the product nature itself. If 
AAV is used, detergent can be applied 
since AAV shows resistance to detergent 
inactivation while retrovirus or herpes 
virus vector products will be sensitive to 
detergent,” he states. 

Polymerase chain reaction (PCR) 
techniques are useful for titering virus 
concentrations in these complex sys-
tems—especially for gene therapy prod-
ucts, which have potential native virus 
that could interfere or even obscure the 
result in an infectivity assay, adds Breton. 

“Due to their specificity, PCR techniques 
can solve this challenge, but are unable to 
distinguish between active and inactive 
virus. To overcome this challenge, analyz-
ing virus titers determined by both PCR 
and infectivity techniques can be help-
ful, depending on the process step being 
challenged,” he says.

For an AAV vector, an enveloped inac-
tivation step and virus filtration using 
a large pore filter will usually provide 
effective enveloped viral clearance, Huffer 
says. “For cell and enveloped vector gene 
therapy products, viral clearance steps are 

not feasible and, therefore, selecting and 
testing the cell lines and raw materials 
used in the manufacturing process are key 
to reducing the risk of potential viral con-
tamination. The use of a barrier method 
to prevent entry of a viral contaminant 
into the process stream should also be a 
key consideration,” he states.  

TIMELINE CONSTRAINTS
Timeline constraints are another chal-
lenge that tends to be a common con-
cern for viral clearance testing, regardless 
of product type, Breton says. “I always 
advise that early communication with 
your viral clearance vendor is key to the 
quality and performance efficiency of 
any viral clearance study—this is doubly 
important with novel techniques and 
products,” he says.

“Time is always a concern, especially 
these days,” Jaber agrees. He points 
out, however, that for clinical Phase I/
II-stage programs, regulatory agencies 
do not require viral clearance for all gene 
therapy products studies, although the 
agencies may recommend it. “If there is 
no risk of copurification of a helper virus 
or of an adventitious virus (e.g., from the 
cell line, such as an endogenous retrovi-
rus or rhabdovirus, or from raw material) 
agencies do not require viral clearance 
studies. However, it is regarded manda-
tory to analyze for Phase III studies and 
commercial release,” he states. 

If the downstream process has clear-
ance potential (chromatography steps, for 
example), the clearance should be ana-
lyzed to demonstrate safety of the prod-
uct, Jaber adds. “When required (in case 
of a known contaminant or copurifying 
virus), viral clearance should be adequately 
demonstrated as per the recommenda-
tions in ICH [International Council for 
Harmonisation] Q5A (1),” he says.

Huffer adds that for time-sensitive 
therapies, such as autologous cell ther-
apies, viral clearance steps are not an 
option. “Rapid detection of potential 
contaminants—viral and microbial—is 
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Artificial intelligence analyzes data so humans can 
make more informed decisions.

Artificial intelligence (AI) technology helps pharmaceutical 
companies address corrective actions and preventive actions 
(CAPA) and root cause investigations. The CAPA process has 

historically been more corrective than preventive, hard to track, and 
implemented without context. Pharmaceutical Technology and 
BioPharm International recently spoke with Sue Marchant, Senior 
Director of Product at MasterControl, about the options to connect 
quality data and what problems can be solved using AI. She says 
these technologies will make CAPA more preventive than corrective 
with the ability to track processes in real time and understand the 
contributing factors and considerations surrounding an event. 
Additionally, she explains how AI combines and analyzes data, 
pinpoints relationships, and provides valuable process improvement. 

PHARMTECH/BIOPHARM: Please define AI and what it can do  
for business.
MARCHANT: AI pertains to a machine that mimics human 
intelligence by having the ability to predict, classify, learn, plan 
or reason, and perceive. Within AI, there are different types of 
intelligence, including machine learning, which is a subset focused 
more on math and statistics that learns from the data and improves/
learns over time, and natural language processing, which helps 
systems understand language and derive meaning from it. 

AI allows us to cluster and identify suggested items to track, or 
suggest categorization. We can rank, recommend actions, and predict 
a course of action. We can learn from past experiences and learn 
from incoming data, as well as perform anomaly detection where we 
identify things that are different from the norm and can take action 
on them.

PHARMTECH/BIOPHARM: What are the first steps a company 
should take to connect their data and take advantage of  
the technology?
MARCHANT: The first step is to record all data in digital form rather 
than on paper. Then, gather the data into one system and connect 
the data. You can then show correlations in data and get cross-
process insights; for instance, how certain standard operating 
procedures (SOPs) are related to a higher incidence of deviations, or 

Using AI for CAPA and Root  
Cause Investigation

how complaints are related to certain products that 
used a specific process. Once your data is in place, 
you can analyze it and look for trends and patterns 
that surface valuable opportunities hiding within 
your data.

PHARMTECH/BIOPHARM: The CAPA process has 
always been a pain point for pharmaceutical 
companies. Can you share how AI might impact 
this process and make it better?
MARCHANT: First, it is important to determine 
whether CAPA is needed. Is a particular event 
something that should escalate to CAPA? Is it 
significant? Is it something that’s happened before? 
Does it represent a problem? AI can provide context 
to the people involved in that process by analyzing 
all prior CAPAs and complaints to see if the event 
happened previously, if action is required, and what 
action to take. Eventually, with enough data in the 
system and enough understanding and learning, 
we can suggest root cause and provide a place to 
start an investigation. The more we can provide data 
that helps us understand when to escalate, what to 
investigate, and what effective solutions might be, 
the more effective humans will be in that decision-
making process.

PHARMTECH/BIOPHARM: Where would people 
find the data they need to improve the CAPA 
process and are there any limitations?
MARCHANT: An example of one such limitation 
today occurs if a human at one site has entered 
a complaint while someone at another site has 

entered a similar complaint. Neither is aware of the 
other, and thus are not aware that this is beginning 
to represent a trend. But if we have systems that 
can constantly analyze these instances, they can 
show an emerging trend occurring that should then 
activate the CAPA process. 

Additionally, if the system identifies a symptom 
that is severe or an outlier, one could immediately 
investigate that, and potentially identify other 
batches that shared all of the same attributes to 
see if the problem is more widespread. You can pull 
information from all available data sources to get a 
more informed CAPA process.

PHARMTECH/BIOPHARM: Can you clarify the 
possibilities of how AI augments innovation?
MARCHANT: We still need that human creativity, 
wisdom, and guidance. What AI can do is give  
you the information to take the right action  
and make the right decision. AI analyzes huge 
amounts of data to help understand what you  
need to pay attention to, and it can automate  
and handle routine tasks. As a result, attention 
can be focused in the areas that require human 
attention. AI can help us to innovate and create 
better, safer products because it helps us to see 
through the noise and data to understand what is 
actually happening.

PHARMTECH/BIOPHARM: What are the AI 
possibilities for pharma and how is MasterControl 
innovating to make those possibilities a reality?
MARCHANT: We recognize that AI can do so much 
for quality—it can analyze huge amounts of data, 
surface patterns and trends that we can act upon, 
and find patterns in the data that we are not able 
to recognize as humans. At MasterControl, we 
have created a new data architecture to give real-
time event streaming and provide analytics that 
will surface insights to users through our product, 
MasterControl Insights, which gives users the 
information they need to take action every day.

We have also created an integrated AI layer, with 
an entire product quality intelligence division 
dedicated to making sure that all users can get 
value from the data they enter into the system to 
transform their business.

Sue Marchant
Senior Director of Product 
Machine Learning and 
Artificial Intelligence 
MasterControl

https://www.mastercontrol.com
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make more informed decisions.
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quality data and what problems can be solved using AI. She says 
these technologies will make CAPA more preventive than corrective 
with the ability to track processes in real time and understand the 
contributing factors and considerations surrounding an event. 
Additionally, she explains how AI combines and analyzes data, 
pinpoints relationships, and provides valuable process improvement. 
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MARCHANT: AI pertains to a machine that mimics human 
intelligence by having the ability to predict, classify, learn, plan 
or reason, and perceive. Within AI, there are different types of 
intelligence, including machine learning, which is a subset focused 
more on math and statistics that learns from the data and improves/
learns over time, and natural language processing, which helps 
systems understand language and derive meaning from it. 

AI allows us to cluster and identify suggested items to track, or 
suggest categorization. We can rank, recommend actions, and predict 
a course of action. We can learn from past experiences and learn 
from incoming data, as well as perform anomaly detection where we 
identify things that are different from the norm and can take action 
on them.

PHARMTECH/BIOPHARM: What are the first steps a company 
should take to connect their data and take advantage of  
the technology?
MARCHANT: The first step is to record all data in digital form rather 
than on paper. Then, gather the data into one system and connect 
the data. You can then show correlations in data and get cross-
process insights; for instance, how certain standard operating 
procedures (SOPs) are related to a higher incidence of deviations, or 
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how complaints are related to certain products that 
used a specific process. Once your data is in place, 
you can analyze it and look for trends and patterns 
that surface valuable opportunities hiding within 
your data.

PHARMTECH/BIOPHARM: The CAPA process has 
always been a pain point for pharmaceutical 
companies. Can you share how AI might impact 
this process and make it better?
MARCHANT: First, it is important to determine 
whether CAPA is needed. Is a particular event 
something that should escalate to CAPA? Is it 
significant? Is it something that’s happened before? 
Does it represent a problem? AI can provide context 
to the people involved in that process by analyzing 
all prior CAPAs and complaints to see if the event 
happened previously, if action is required, and what 
action to take. Eventually, with enough data in the 
system and enough understanding and learning, 
we can suggest root cause and provide a place to 
start an investigation. The more we can provide data 
that helps us understand when to escalate, what to 
investigate, and what effective solutions might be, 
the more effective humans will be in that decision-
making process.

PHARMTECH/BIOPHARM: Where would people 
find the data they need to improve the CAPA 
process and are there any limitations?
MARCHANT: An example of one such limitation 
today occurs if a human at one site has entered 
a complaint while someone at another site has 

entered a similar complaint. Neither is aware of the 
other, and thus are not aware that this is beginning 
to represent a trend. But if we have systems that 
can constantly analyze these instances, they can 
show an emerging trend occurring that should then 
activate the CAPA process. 

Additionally, if the system identifies a symptom 
that is severe or an outlier, one could immediately 
investigate that, and potentially identify other 
batches that shared all of the same attributes to 
see if the problem is more widespread. You can pull 
information from all available data sources to get a 
more informed CAPA process.

PHARMTECH/BIOPHARM: Can you clarify the 
possibilities of how AI augments innovation?
MARCHANT: We still need that human creativity, 
wisdom, and guidance. What AI can do is give  
you the information to take the right action  
and make the right decision. AI analyzes huge 
amounts of data to help understand what you  
need to pay attention to, and it can automate  
and handle routine tasks. As a result, attention 
can be focused in the areas that require human 
attention. AI can help us to innovate and create 
better, safer products because it helps us to see 
through the noise and data to understand what is 
actually happening.

PHARMTECH/BIOPHARM: What are the AI 
possibilities for pharma and how is MasterControl 
innovating to make those possibilities a reality?
MARCHANT: We recognize that AI can do so much 
for quality—it can analyze huge amounts of data, 
surface patterns and trends that we can act upon, 
and find patterns in the data that we are not able 
to recognize as humans. At MasterControl, we 
have created a new data architecture to give real-
time event streaming and provide analytics that 
will surface insights to users through our product, 
MasterControl Insights, which gives users the 
information they need to take action every day.

We have also created an integrated AI layer, with 
an entire product quality intelligence division 
dedicated to making sure that all users can get 
value from the data they enter into the system to 
transform their business.

Sue Marchant
Senior Director of Product 
Machine Learning and 
Artificial Intelligence 
MasterControl
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Downstream Processing

critical for these time-sensitive ther-
apies. Making use of rapid testing 
options, such as rapid sterility, quantita-
tive polymerase chain reaction (qPCR), 
or other molecular methods for detec-
tion of mycoplasma and other known 
contaminants, are valuable techniques 
to ensure patient safety,” he states.

Schwartz adds that, since viral 
clearance should still be viewed as a 
platform approach to cell therapies, 
most viral clearance claims should not 
impact patient material or their spe-
cific timing needs. “Outside of viral 
clearance, what can make an impact 
is the speed of QC [quality control] 
virology testing required to return 
patient cells to the clinic,” he says.

IMPROVING 
VIRAL CLEARANCE
The need to improve viral clearance for 
these new biologic modalities requires 
innovation in thinking as well as in tech-
nology. Inactivation and filtration steps 
used for enveloped viral clearance in AAV 
manufacturing processes are not new but 
can still provide robust viral clearance of 
potential enveloped viral contaminants, 
says Huffer. He also points out that bar-
rier filters used for mitigation of viral 
contaminants are newer than standard 
viral reduction filters; however, they are 
especially designed to reduce the risk of 
a viral contamination event. “These are 
valuable in risk mitigation for gene and 
cell therapy products,” he says.

Huffer adds that new molecular meth-
ods, such as next generation sequencing 
(NGS), can be used to screen process 
materials going into a manufacturing 
process that do not have the option of 
viral clearance. “These new technologies 
reduce the risk of introducing a viral con-
taminant into a manufacturing process 
with limited or no opportunity for viral 
clearance,” he notes.

NGS can be a significant advantage 
with the possibilities to detect both 
known and unknown adventitious viruses, 

Jaber says, noting that characterized virus 
stocks and standard process steps will 
help validate the NGS platforms. 

“Cell and gene therapy product 
manufacturing involves multiple steps, 
long culture, and processing times, and 
therefore may allow amplification of 
adventitious agents. Starting material 
and raw material qualification and 
testing [are] critical to ensure the safe 
manufacture of products. For example: 
implementing methods to remove or 
inactivate virus in media or compo-
nents, development of media that do 
not require animal- or human-derived 
raw materials, and use of closed system 
to avoid contamination by environ-
mental sources,” Jaber includes.

Meanwhile, traditional resin chro-
matography has been the mainstay of 
downstream processing for most bio-
logics, Breton says, but with innova-
tions in membrane chromatography, 
the industry has seen greater interest 
in these techniques. “For gene therapy 
products, we are starting to see mono-
lith technologies utilized due to their 
defined flow path diameters, which 
are uniquely suited for larger products 
such as AAVs,” he states.

“Additional chromatographic tech-
niques have been helpful in provid-
ing additional product purity and viral 
safety in the viral vector space,” says 
Schwartz. “For cell therapies, there 
are several advances that aid in set-
ting an upstream viral barrier. These 
include virus retentive filters designed 
for media and the implementation of 
closed single use technologies,” he adds. 

CLARIFYING UNMET NEEDS
In discussing the unmet needs in the 
industry regarding viral clearance stud-
ies for cell and gene therapies, Schwartz 
asserts that there needs to be additional 
effort around the safety of cell ther-
apies in particular. “Most risk analy-
ses provide only barrier technologies 
and not true in-process viral clearance 
options. Having additional downstream 
tools that provide this clearance without 

impacting cell viability would change 
cell therapy processing,” he says. He 
further states that additional effort can 
also be made to develop faster and more 
effective viral clearance testing services 
to lower the bar for these new modali-
ties to enter the clinic.

“Cell therapies do not typically have 
any downstream purification that could 
have the potential to remove or inacti-
vate viruses,” Jaber also adds. Thus, viral 
clearance is not an applicable test method 
for these therapies, he states. “Therefore, 
animal- or human-derived raw materials/
ancillary materials used in the produc-
tion of cell therapy products should be 
critically reviewed, and if viral clearance 
is applicable in the production of such 
materials it should be applied,” he cautions.

Because it is currently difficult to 
remove viruses from cell or enveloped 
gene therapies without potentially dam-
aging the product, finding a solution 
would greatly provide an unmet need for 
these products, says Huffer. Purification 
steps that provide an opportunity to selec-
tively inactivate or remove a viral contami-
nant yet keep the biological product intact 
and activewould increase viral clearance 
opportunities for these products. “In the 
absence of new viral clearance steps for 
cell and enveloped vector gene therapies, 
new, sensitive molecular techniques that 
can identify viral contaminants in starting 
materials would add to increased viral 
safety,” he states.

Meanwhile, Breton points out that 
strong regulatory expectations for new 
biologic modalities in terms of viral 
clearance studies is the proverbial “ele-
phant in the room” and that new sci-
ence and new modalities are rapidly 
outpacing regulatory determinations. 

“This leads to feelings of uncertainty 
but, moreover, can potentially lead to 
inefficiency in bringing a much-needed 
product to market,” he states.

REFERENCE
1. ICH, Q5A Viral Safety Evaluation of 

Biotechnology Products Derived 
from Cell Lines of Human or Animal 
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Balancing Pressing Priorities
CMOs and CDMOs adjust business processes as demand 

for COVID-19 treatments and non-pandemic related 
therapies puts pressure on the bio/pharma industry.

SUSAN HAIGNEY

A fter more than one year of rapid development and 
production of vaccines and therapies to address 
the COVID-19 pandemic, the bio/pharmaceutical 

industry is adjusting business practices and priorities as the 
next phase of response to this global emergency unfolds. 
Bio/pharmaceutical contract manufacturing organizations 
(CMOs) and contract development manufacturing orga-
nizations (CDMOs) are adjusting to a variety of demands 
and challenges caused by the pandemic, including ensuring a 
robust and safe supply chain. 

When the pandemic initially began, many companies had 
to not only prepare for the influx of demand for COVID-19 
treatments, but they also had to balance that demand with 
their existing workload. The CMO/CDMO industry was 
operating on a reactionary basis during the beginning of 
the pandemic, according to Tom Wilson, contract manu-
facturing lead at Pfizer CentreOne. “As it became apparent 
that we would be in this state for the long-term, we had to 
change our business processes and develop best practices to 
ensure we could partner remotely,” he says. Collaboration 
increased across CDMOs, says Wilson, and requirements 
were prioritized to meet the needs of patients. 

REEVALUATING THE SUPPLY  
CHAIN AND TIMELINES
The pandemic highlighted a variety of issues related to the 
biopharmaceutical supply chain, and supply chain risk miti-
gation, especially for APIs, has become increasingly import-
ant, says Gene Nakagawa, EVP business development at 
LGM Pharma. “In 2020, we saw an increasing focus on 
outsourcing of products directly related to COVID-19, such 
as Midazolam for intubation, antivirals, etc. Drug shortage 
lists have also been growing, partially due to demand but 
more often due to supply chain issues. In particular, starting 
materials for APIs have been hit with shortages,” Nakagawa 
says. “Supply chain has been difficult for many companies and 
continues to be. This has heightened the importance on safety 
stock and applies to both excipients and APIs.”

Joe Sinclair, vice president, corporate strategy and business 
development at Vibalogics, agrees the pandemic caused a global 
trade disruption, and supply chain management is crucial. “For 
many, this has meant evaluating alternative sources of raw mate-
rials, consumables, and suppliers for contract manufacture and 
product quality control testing,” Sinclair says. “Companies are 
actively focusing on mitigating risks by evaluating the expan-

Outsourcing



www.biopharminternational.com July 2021  BioPharm International 51

sion of their network of suppliers, and 
often onshoring activities or searching for 
domestic sources due to supply complex-
ity, and the risks of being reliant on a sin-
gle supplier, or a single region.” Vibalogics 
has optimized the security of its own sup-
ply networks and expanded its opera-
tions in the United States and Europe to 
address supply chain concerns, according 
to Sinclair.

The expectation of accelerated time-
lines also is a significant impact of the 
COVID-19 pandemic on the bio/
pharmaceutical outsourcing indus-
try, according to Mike Kleppinger, chief 
commercial officer at AMRI. “There 
has been a compression over the past 18 
months that demonstrates the ‘art-of-
the-possible’ in a crisis. We didn’t have 
the luxury of months-long contractual 
obligation discussions. COVID brought 
about a common purpose that drove 
more efficient timelines and was very 
outcomes-driven,” Kleppinger says. 

“When it comes to clinical trials, mar-
ket demand is high for products being 
manufactured by CDMOs. It’s a critical 
juncture where capacity is being chal-
lenged as trials that were delayed last year 
by COVID are now starting back up 
just as new trials are commencing with 
products that were in the preclinical 
phase a year or so ago. Those combined 
have accelerated demand for product,” 
says Bill Vincent, chairman and CEO at 
Genezen. In addition, approval requests 
for COVID-19 vaccines have increased 
the wait time for approvals for clinical 
trials for gene therapies, agrees Geraldine 
Guerin-Peyrou, Director of Marketing 
and Communications at Polyplus. 

“Add to this the continued trend of new, 
and often well-funded, start-up compa-
nies entering the cell and gene therapy 
space and there are even more products 
vying for limited capacity in the CDMO 
industry,” Vincent says. In addition, he 
says, demand has been compounded by 
the limited supply of raw materials and 
disposables caused by the need to pro-
duce COVID-19 vaccines. “It is likely 
that manufacturing capacity and supply 

of raw materials will be constrained for 
at least another year, but CDMOs [con-
tract development and manfucaturing 
organizations] (including Genezen) are 
investing in new facilities to address this,” 
Vincent says.

CHANGING DEMANDS  
FOR APIs
The surge in demand for specific APIs to 
treat COVID-19 patients, or investigate 
the use of exisiting drugs as treatments, in 
some cases impacted availability. 

Wavelength Pharma, an API custom 
developer and manufacturer, saw an 
incease in demand during the pan-
demic due to the need for drugs to 
treat respiratory conditions in patients 
on ventilators for lengthy periods. 

“This sudden requirement to signifi-
cantly boost production has empha-
sized the importance of adaptability 
for API CMO/CDMOs to maintain 
an uninterrupted drug supply, with 
some organizations proving better able 
than others to handle the pressures of 
rapid scale up to respond to the surg-
ing global demand,” says Ilan Avni, VP 
business development, marketing and 
IP, Wavelength Pharma.

“When it comes to new develop-
ments, a few bio/pharma companies are 
developing, or repurposing, molecules 
for COVID patients, and we are in dis-
cussions with a number of key players 
in the field. We have seen a number of 
innovators rejig their portfolio—speeding 
up drugs with a focus on COVID-19 
while slowing down some of the other 
developments. We have seen an increase 
in outsourcing and have benefitted from 
the trend even as we continue to invest 
in capacity to meet customer needs,” says 
Saharsh Davuluri, vice chairman and 
managing director at Neuland Labs.

GOING VIRTUAL
The pandemic also impacted the way the 
industry conducts business, says Britton 
Jimenez, vice president, business devel-
opment at Metrics Contract Services. 
Virtual audits and site tours are now more 

common, as well as virtual internal and 
external meetings. “Many of these new 
practices that have been implemented 
will remain, but I do see the face-to-face 
engagement returning back to pre-pan-
demic state,” Jimenez believes.

“Video conferencing and remote 
communications dominate the way we 
perform internal and external commu-
nications. Since there is no way to visit 
facilities for an audit, at least in India 
for the time being, CMOs who have 
good track record will continue to get 
recommendations from fellow clients,” 
says Davuluri. Utilizing virtual technol-
ogy has alleviated disruption and created 
more time for important tasks, according 
to Davuluri, but it also highlighted the 
importance of face-to-face interaction. 

The industry as a whole has also con-
tinued to learn and connect virtually. 
“The virtual international conferences 
have also allowed for scientists that usu-
ally don’t travel to participate and to hear 
about the latest innovations, hence we 
may see a rush of scientific outbreak in 
the next few month due to this,” states 
Guerin-Peyrou.

New parameters created by the pan-
demic caused business challenges for 
some companies, and attracting new 
clients became difficult. “Without the 
traditional methods of in-person meet-
ings and audits, sponsors have adopted 
and accepted the need to use virtual 
methods of communication and remote 
technologies to access and assess poten-
tial partners,” says Andrew Henderson, 
chief commercial officer at Sterling 
Pharma Solutions. 

ADAPTING AND ADOPTING 
NEW PRACTICES
To adjust to these challenges, companies 
have taken stock of their processes and 
strategies. “COVID-19 has made every-
one in the industry revisit their sourcing 
strategies and risk management; even 
companies with stable in-house facilities 
have reassessed their risk profiles and vul-
nerabilities in supply chain, and sought 
after CDMO partnerships,” says James 

Outsourcing
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Choi, chief information and marketing 
officer at Samsung Biologics. 

Choi sees the company’s investments 
as important to enduring the trials of 
the pandemic. “For example, our invest-
ment into Plant 4 expansion, the opening 
of our San Francisco R&D Center, and 
providing mRNA vaccine fill and finish, 
are few of our preemptive approaches 
in response to the shifting industry,” he 
states. “Our sustainable and robust busi-
ness management systems, in which 
we have invested proactively to be ISO 
22301-certified across all of our business 
areas, have been central to withstand-
ing market disruptions over the last 18 
months amid the COVID-19 pandemic.”

“For Vectura, there have been two areas 
of focus: keeping our people safe, and 
minimizing disruption to the supply of 
medicines and to our customers,” says 
Matthew Barker, director, Corporate 
Strategy at Vectura. “Our team has 
embraced new ways of working, which 
include adhering to new health and safety 
protocols across sites; showcasing our 
inhalation expertise virtually at confer-
ences; and navigating the sales and sup-
plier audit processes remotely.”  

Adapting became key to meeting 
demand. “We embraced technology, 
looking for new ways we could commu-
nicate effectively and developed innova-
tive audit processes which enabled us to 
meet obligations,” says Wilson.

BALANCING DEMANDS
In 2020 and 2021, CMOs and CDMOs 
found themselves needing to balance the 
demand of the development and manu-
facture of treatments of COVID-19 with 
the projects in the pipeline and new non-
COVID-related products. Some compa-
nies expanded capacity and resources to 
meet these priorities. 

While noncritical therapies were 
de-emphasized for a few months because 
of COVID-19, according to Kleppinger, 
manufacturing these products was still 
necessary during the pandemic. “We 
didn’t experience a disruption in our 
traditional business demand because of 

COVID; what we found was COVID 
was additive to our workload,” he says.

“CDMOs, such as Vibalogics, have 
taken steps to expand their capacity, and 
to use their existing resources to adapt 
their business to not only the vaccine 
service market, but also to build strength 
in capability for the classes of next-gener-
ation modalities,” says Sinclair. 

“CDMOs are waiting for consensus 
on vaccination guidelines, especially 
multi-year demand for COVID-19 vac-
cination, to address lingering supply chal-
lenges for first-round vaccinations, while 
building further strength into ongoing 
supply demands. There are still many 
companies optimizing their approach, 
initiating Phase I clinical trials, and look-
ing to bring further benefit to market by 
building supply security with additional 
approved and technologically advanced 
modalities,” says Sinclair. 

“Away from the now-established sup-
ply chain of COVID products, there 
remains the need to support innovation 
and research in the existing development 
pipelines as pharma companies con-
centrate on their core indications,” says 
Henderson. “This remains as strong as 
ever, so the need for CDMOs to be flex-
ible and to be able to support these is 
crucial. This does not mean that there is 
a shift in focus, but companies need to 
have the capabilities to support the evolv-
ing needs of innovators.”

Oncology’s place at the top of the con-
tract manufacturing industry’s focus was 
shifted to treatments for infectious dis-
eases,  says Vincent, citing market research 
data (1). Because COVID-19 vaccines 
are now getting approved, the shift in 
focus has turned back to non-COVID 
products. “The immuno-oncology market 
particularly is expected to continue grow-
ing and witness minimal impact from 
the COVID-19 pandemic, with 2020 
accounting for a momentary decline (2). 
Given the complexity of products and the 
prevalence of small biotechs involved in 
the market without the necessary infra-
structure to scale and manufacture prod-
ucts, reliance on CDMO partners will 

be a key requirement for the foreseeable 
future,” Vincent says. 

“A lot of potential opportunities 
for CDMO services are focused on 
ANDA/OTC [abbreviated new drug 
application/over-the-counter] prod-
ucts not related to COVID-19. There 
is also an anticipation that cough/cold 
will come back as the economy starts 
to open up and kids are back in school,” 
says LGM Pharma’s Nakagawa. 

“Non-COVID products are back in 
demand, but timelines have shifted,” says 
Guerin-Peyrou. “For gene therapy, delays 
to get GMP AAV manufacturing slot can 
be from 12 to 18 months today.” 

While the demand for COVID-19 
treatments will continue for a while, 
according to Wilson, most CMOs/
CDMOs “are now re-establishing 
their operating levels and delivering 
on all obligations.” 

TRENDS IN THE INDUSTRY
COVID-19 hasn’t been the only thing to 
change and shape the bio/pharma out-
sourcing industry in recent years. Phil 
Vanek, CTO at Gamma Biosciences has 
seen some interesting developments in the 
cell and gene therapy field. “We’ve seen a 
number of trends that are very interesting 
in particular within the cell and gene ther-
apy space. The first is the continuing con-
solidation of a number of the CDMOs 
that is reshaping the manufacturing 
landscape—MaSTherCell and Paragon 
acquired by Catalent, Brammer Bio being 
acquired by Thermo Fisher Scientific, and 
the interesting move of Charles River 
Laboratories acquiring Cognate (which in 
turn had recently acquired Cobra) thereby 
doubling down on their cell banking and 
supply services,” says Vanek.
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Analytics

aromatic amino acids such as trypto-
phan, tyrosine, and histidine. Certain 
metal–protein binding is also known to 
induce secondary and tertiary structure 
changes resulting in the formation of 
insoluble protein aggregates (8).

Glass has also been demonstrated 
to be a source of certain metal leach-
ables. For example, manganese and 
iron oxide—used as coloring agents—
are present in Type I amber vials as 
are zinc and barium oxides. Higher 
levels of manganese and iron have 
been shown to leach from amber glass 
compared to clear glass. Meanwhile, 
sterilization techniques, such as steam 
autoclaving and gamma irradiation, 
may also lead to the presence of metal 
ion contamination (9).

Some biotherapeutic excipients, and 
the drug itself, may also play a signif-
icant role in facilitating the extraction 
of metals f rom contact surfaces. 
Certain proteins and chelating agents, 
such as ethylenediaminetetraacetic 
acid, have been shown to increase 
the quantity of metals such as alumi-
num, calcium, and iron from plastic 
container systems. Similarly, buffers 

such as phosphate and lactate can also 
increase the metal leaching from both 
metal and glass surfaces.

The area of E&L investigation 
has developed rapidly over the past 
decade, resulting in technological and 
regulatory advancement. Ultimately, 
this has led to safer medications. 
However, developments in biophar-
maceuticals and specifically in CGT 
are likely to present further demands 
on expertise in areas of manufacturing 
and analytics.

It is clear that a single, common strat-
egy, for monitoring and/or eliminating 

leachable contaminants will never be suf-
ficient to address all situations. Instead, 
engineers and investigators must be 
always prepared for the unexpected.
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From the Editor

Avoiding Delays on the Road to Normalcy

M apping apps for smartphones conveniently calculate the fastest driving route 
from point A to point B, making it easy for millions of people to avoid delays 
from traffic or accidents and get to their destinations.

The “app” to get society on the fastest route out of COVID-19 pandemic restrictions 
and health threats is readily available in the United States: effective vaccines that greatly 
reduce or prevent infections, hospitalizations, and deaths. A significant segment of the 
population, however, is hesitant to use the tool, or have decided to wait out the delays.

Is the science behind the vaccines too complicated to communicate effectively? Are 
informed messages reaching target audiences? Is distrust of the government, biopharma-
ceutical companies, and the medical profession to blame for hesitancy? Is accessibility a 
factor? Or do people respond to what they want to hear, not what they need to hear?

Despite intense public outreach and education efforts, a slowing uptake of COVID-19 
vaccines is hampering efforts to shut down the virus spread as quickly as officials would 
like. And the large segment of the US populace that is unvaccinated is susceptible for the 
virus and its variants. A survey of public perceptions about vaccines reveals a variety of 
reasons some people are hesitant to get vaccinated, with many reasons tied to misinforma-
tion and distrust (1). 

The Kaiser Family Foundation (KFF) asked adults about five common misconceptions 
about the COVID-19 vaccine: that you can get COVID-19 from the vaccine; the vaccines 
contain fetal cells, cause infertility, or change your DNA; or you should not get the vaccine 
if you had COVID-19. In April 2021, more than half of those surveyed (54%) either believed 
one of the misconceptions to be true or did not know if the statements were true or false. 

HURRY UP AND WAIT
Overall, more than 70% of the US public surveyed by KFF in the past few months were 
very or somewhat confident that vaccines were safe. For the vaccine-hesitant group, how-
ever, there does not seem to be an effective argument to convince them to get vaccinated. 
Less than one-third of the vaccine-hesitant surveyed said they would be convinced to get 
inoculated if they were told the rapid vaccine development was supported by 20 years of 
previous research or if FDA grants full approval. 

More than 40% of the vaccine-hesitant said the knowledge that the vaccines were effec-
tive in preventing hospitalizations was convincing; however, more than one-third of the 
people in the wait-and-see category planned to wait for more than a year to get vaccinated.

Vaccine side effects—and suspicions that the vaccines may not be as safe as adver-
tised—were major concerns, as were worries that the vaccine may negatively impact fertil-
ity or that side effects will cause them to miss work. 

Perhaps more telling is anecdotal comments from people who feel the virus will not 
affect them; they are healthy, so they won’t get very sick if they are infected; or they are 
protected if others around them are vaccinated.

This vaccine hesitancy—combined with emerging virus variants—suggests that the 
threat of the SARS-CoV-2 virus will be with us for some time. Fortunately, researchers 
are working on the next generation of vaccines. In mid-June 2021, the National Institutes 
of Health reported the Novavax subunit vaccine demonstrated 90.4% efficacy in prevent-
ing symptomatic COVID-19 disease in a Phase III clinical trial (2). 

Vaccines are the route out of the pandemic. The directions are available. We need to 
convince more people of the validity of the technology, and to get into the fast lane.
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