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The 2021 PDA Annual Meeting promises to have something for everyone.

Dive into exciting interactive sessions and tracks especially designed for early 
career professionals, manufacturing leaders, and technical experts/scientists, 
all offered in a fully digital format for easy access from anywhere in the world.

No matter what your area of focus, you are sure to come away with tangible, practical 
solutions to improve your operations and your standing within your company!

Stay tuned for more information on the intriguing lineup of sessions,
speakers, and networking activities.

Register early to take advantage of the most signifi cant discounts!

For more information and to register, visit 
pda.org/2021annual

2021 PDA
ANNUAL MEETING!
SAVE THE DATE 

FOR THE

NEW FORMAT

NEW PRICING

NEW WAYS TO 
CONNECT

https://www.pda.org/conference/2021-pda-annual-meeting/home
https://www.pda.org/conference/2021-pda-annual-meeting/home


INTERNATIONALBioPharm
The Science & Business of Biopharmaceuticals

EDITORIAL
Editorial Director Rita Peters RPeters@mjhlifesciences.com
Senior Editor Agnes M. Shanley AShanley@mjhlifesciences.com
Managing Editor Susan Haigney SHaigney@mjhlifesciences.com
European Editor Felicity Thomas FThomas@mjhlifesciences.com
Science Editor Feliza Mirasol FMirasol@mjhlifesciences.com 
Manufacturing Editor Jennifer Markarian JMarkarian@mjhlifesciences.com
Assistant Editor Lauren Lavelle LLavelle@mjhlifesciences.com
Creative Director, Publishing Melissa Feinen
Senior Art Director Marie Maresco
Graphic Designer Maria Reyes

K. A. Ajit-Simh 
President, Shiba Associates

Madhavan Buddha 
Freelance Consultant

Rory Budihandojo 
Independent Consultant

Suggy S. Chrai 
President and CEO 
The Chrai Associates

Uwe Gottschalk 
Vice-President,  
Chief Technology Officer,  
Pharma/Biotech, Lonza AG

Fiona M. Greer 
Senior Consultant 
BioPharmaSpec (UK)

Rajesh K. Gupta 
Vaccinnologist and Microbiologist

Denny Kraichely 
Department Head 
Analytical Project Leadership 
Merck Vaccines

Stephan O. Krause 
Head of Product Quality Group 
AstraZeneca Biologics

Steven S. Kuwahara 
Principal Consultant 
GXP BioTechnology LLC

Eric S. Langer 
President and Managing Partner 
BioPlan Associates, Inc.

Howard L. Levine 
Senior Managing Director, BDO  
National Leader,  
BioProcess Technology Group

Hank Liu 
Head of Quality Control 
Sanofi Pasteur

Herb Lutz 
Principal Consulting Engineer 
Merck Millipore

Hanns-Christian Mahler 
Head Drug Product Services 
Lonza AG

Jerold Martin 
Independent Consultant

Hans-Peter Meyer 
Lecturer, University of Applied Sciences 
and Arts Western Switzerland,  
Institute of Life Technologies

K. John Morrow 
President, Newport Biotech

David Radspinner 
VP/GM Global Commercial Transition 
Cytiva

Tom Ransohoff 
COO 
4th Dimension Bioprocess, Inc.

Anurag Rathore 
Biotech CMC Consultant 
Faculty Member, Indian Institute of 
Technology

Susan J. Schniepp 
Executive Vice President of  
Post-Approval Pharma  
and Distinguished Fellow 
Regulatory Compliance Associates, Inc.

Tim Schofield 
Consultant 
CMC Sciences, LLC

Paula Shadle 
Principal Consultant,  
Shadle Consulting

Michiel E. Ultee 
Principal 
Ulteemit BioConsulting

Thomas J. Vanden Boom 
Independent Biotechnology Consultant

Krish Venkat 
Managing Partner  
Anven Research

Steven Walfish 
Principal Scientific Liaison  
USP

EDITORIAL ADVISORY BOARD
BioPharm International’s Editorial Advisory Board comprises distinguished 
specialists involved in the biologic manufacture of therapeutic drugs, 
diagnostics, and vaccines. Members serve as a sounding board for the 
editors and advise them on biotechnology trends, identify potential 
authors, and review manuscripts submitted for publication.

© 2020 MultiMedia Pharma Sciences LLC All rights reserved. No part of this 
publication may be reproduced or transmitted in any form or by any means, electronic 
or mechanical including by photocopy, recording, or information storage and retrieval 
without permission in writing from the publisher. Authorization to photocopy items 
for internal/educational or personal use, or the internal/educational or personal use of 
specific clients is granted by MultiMedia Pharma Sciences LLC for libraries and other 
users registered with the Copyright Clearance Center, 222 Rosewood Dr. Danvers, MA 
01923, 978-750-8400 fax 978-646-8700 or visit http://www.copyright.com online. For 
uses beyond those listed above, please direct your written request to Permission Dept.  
Alexa Rockenstein, arockenstein@mmhgroup.com. Reprints: Contact Michael Tracey, 
mtracey@mjhlifesciences.com.

MultiMedia Pharma Sciences LLC provides certain customer contact data (such 
as customers’ names, addresses, phone numbers, and e-mail addresses) to third parties 
who wish to promote relevant products, services, and other opportunities that may be of 
interest to you. If you do not want MultiMedia Pharma Sciences LLC to make your contact 
information available to third parties for marketing purposes, simply email mmhinfo@
mmhgroup.com and a customer service representative will assist you in removing your 
name from MultiMedia Pharma Sciences LLC lists. 

BioPharm International does not verify any claims or other information appearing in 
any of the advertisements contained in the publication, and cannot take responsibility for 
any losses or other damages incurred by readers in reliance of such content.

BioPharm International welcomes unsolicited articles, manuscripts, photographs, 
illustrations, and other materials but cannot be held responsible for their safekeeping or return.

To subscribe, email mmhinfo@mmhgroup.com

ADVERTISING
Publisher Mike Tracey MTracey@mjhlifesciences.com

National Sales Manager Scott Vail SVail@mjhlifesciences.com

European Sales Manager Linda Hewitt LHewitt@mjhlifesciences.com

European Senior Sales Executive  
    Stephen Cleland SCleland@mjhlifesciences.com
Senior Vice President, Industry Sciences Michael Tessalone 
     MTessalone@mjhlifesciences.com

C.A.S.T. Data and List Information  
Michael Kushner MKushner@mjhlifesciences.com

AUDIENCE DEVELOPMENT
Audience Development Christine Shappell cshappell@mjhlifesciences.com

MJH LIFE SCIENCESTM

Chairman and Founder Mike Hennessy, Sr
Vice Chairman Jack Lepping
President and CEO Mike Hennessy, Jr
Chief Financial Officer Neil Glasser, CPA/CFE
Chief Marketing Officer Michael Baer
Executive Vice President, Global Medical Affairs and 

Corporate Development Joe Petroziello
Senior Vice President, Audience Generation and 

Senior Vice President, Content Silas Inman
Senior Vice President, Operations Michael Ball
Senior Vice President, I.T. & Enterprise Systems John Moricone
Vice President, Human Resources & Administration Shari Lundenberg
Vice President, Mergers & Acquisitions Chris Hennessy
Executive Creative Director, Creative Services Jeff Brown

https://www.biopharminternational.com/


4  BioPharm International December 2020 ADVERTORIAL

CORPORATE CAPABILITIES   www.biopharminternational.com

WUXI BIOLOGICS
108 Meiliang Road. W
Wuxi 
MaShan Binhu District
214092 China.
TEL. 
+86 (510).8183.1200

EMAIL
info@wuxibiologics.com

WEBSITE
www.wuxibiologics.com

bispecific antibodies, recombinant and fusion 
proteins, and antibody drug conjugates. 
WuXi Biologics also has dedicated teams and 
facilities for vaccine development and GMP 
manufacture.

Services and Capabilities
Occupying more than 1,000,000 sq. 
ft. of lab and manufacturing space, our 
network of facilities operates under global 
regulatory standards and provides our 
clients unparalleled capacities across the 
discovery, development and manufacturing 
continuum.  We offer GMP clinical and 
commercial manufacture of Drug Substance 
and Drug Product in multiple sites including 
the world’s largest mammalian cell culture 
GMP facility using disposable bioreactors.  
We offer 6 discovery platforms and a true 
“one-stop” platform for CMC development 
from DNA to IND that includes cel l 
line engineering, analytical, process and  
formulation development and in-house cell 
line characterization and viral clearance 
validation services.

Company Description
WuXi Biologics (stock code: 2269.HK), a 
Hong Kong-listed company, is a leading 
global open-access biologics technology 
platform offering end-to-end solutions to 
empower organizations to discover, develop, 
and manufacture biologics and vaccines 
from concept to commercial manufacturing. 
The company’s history and achievements 
demonstrate its commitment to providing 
a truly ONE-stop service offering and 
strong va lue proposition to its globa l 
clients. With total estimated capacity for 
biopharmaceutica l production planned 
in China, Ireland, the US, Germany, and 
Singapore exceeding 280,000 liters after 
2023, WuXi Biologics will provide its 
biomanufacturing partners with a robust and 
premier-quality global supply chain network. 

Markets Served 
We support vaccine and biologics drug 
developers of all sizes in all major markets, 
from top 20 pharmaceutical companies to 
virtual biotech companies by providing 
integ r a ted  te chnolog y  de ve lopment 
platforms from concept to IND f iling 
through to BLA and beyond. We also 
provide standalone services to overcome 
the challenges at a particular stage of 
development. Our expertise covers all facets 
of CMC development for various types 
of biologics, including monoclonal and 

WuXi Biologics

https://www.wuxibiologics.com
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After a difficult 
year, biopharma 
science delivers 

promising results.

Rita Peters is  
the editorial director of  
BioPharm International.

Biopharma, People, Perseverance, and Hope

W ith one month left on the calendar, 2020 has delivered more than its share of 
major events to fill a decade or a generation. In any other year, a record-break-
ing hurricane and tropical storm season, devastating wildfires, a presidential 

impeachment trial, a presidential election, or widespread demonstrations to address racial 
inequality could have been the single event marking the year in history. 

The year of 2020 will be remembered, however, for the COVID-19 pandemic and the 
global response—both the good and the bad—and lessons learned. 

THE BIO/PHARMA YEAR THAT WAS
Starting in January 2020, bio/pharma companies launched unprecedented R&D activity 
to develop treatments and vaccines. Big Pharma companies Pfizer, Johnson & Johnson, 
AstraZeneca, Sanofi, GlaxoSmithKline, and Merck fast-tracked vaccine development pro-
grams; however, the first clinical trial—for Moderna’s messenger RNA vaccine—was initiated 
in mid-March, with positive interim Phase I results announced in May.

In the treatment arena, scores of drug companies announced studies on potential new or 
repurposed therapies. FDA and the public learned lessons about how anecdotal reports and 
press releases may raise hope but are not replacements for scientific data, notably with the issu-
ance and later revocation of an emergency use authorization (EUA) for hydroxychloroquine.

In April, Gilead reported that clinical studies showed the antiviral drug remdesivir was 
effective in helping some patients recover faster, leading to an EUA in early May, FDA 
approval in October, and a conditional recommendation against using the drug from the 
World Health Organization in November.

FDA also faced criticism from scientists when it issued an EUA for convalescent plasma in 
August during a White House press conference, despite a report from the National Institutes 
of Health that the data did not support such an EUA.

Through Operation Warp Speed, the Federal government invested in development, man-
ufacturing, and distribution plans for multiple unproven vaccines at risk, in the hope that 
effective vaccines could get to patients faster. And throughout the year, scores of research, 
development, manufacturing, and supply agreements were announced, and nations scrambled 
to secure sufficient supplies to vaccinate their populations. 

By the end of the summer, public confidence in the independence of FDA decision making 
was eroding, prompting executives from bio/pharma companies and career FDA officials to 
publicly commit to prioritizing science-based decisions and patient safety over political or busi-
ness agendas in the review and approval of vaccines.

November may have been the turning point when promising antibody treatments from Eli 
Lilly and Regeneron received EUAs. And messenger RNA vaccine candidates from Pfizer/
BioNTech and Moderna demonstrated 95% effectiveness, based on two months of clinical 
trial results. The news suggested that a scientific solution to the pandemic was in sight; EUA 
reviews were expected shortly.

CONTINUING THE FIGHT
Bio/pharma’s efforts to develop effective vaccines has traveled a long path in a short time. The 
good news about vaccines and treatments, however, is tempered by an exponential increase in 
infections and rising number of deaths. Much work is still ahead, including ramping up manu-
facturing, prioritizing who should get the vaccine, and overcoming the logistical challenges of 
a cold supply chain.

As the year closes, BioPharm International extends its appreciation to the bio/pharma 
professionals and companies who worked tirelessly to drive science-based solutions to the 
pandemic. Your efforts—often misunderstood or criticized as being too slow by the public and 
policymakers—were heroic. We also owe gratitude to the front-line healthcare workers who 
made personal sacrifices to care for others; and all essential workers who kept everyday life 
near normal for everyone else.

You are the story of 2020. ◆

From the Editor
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AVANTOR
One Radnor Corporate 
Center, Building One, Suite 
200, 100 Matsonford Road
Radnor, PA 19087 USA

TELEPHONE
610.386.1700

production processes, and improve efficiency 
and productivity to accelerate speed to 
market for life-saving molecules. 

Our deep exper t i se in developing , 
c u s t om i z i n g ,  m a nu f a c t u r i n g ,  a n d 
supplying products for a wide variety of 
workf lows allows us to provide tailored 
solutions throughout the lifecycle of our 
customers’ products.

We set science in motion to create 
a bet ter world. To lea rn more, v i sit 
avantorsciences.com and and f ind us on 
social media.
Twitter: @avantor_news
LinkedIn: @avantorinc
Facebook: @avantorinc

From FORTUNE. © 2020 FORTUNE Media 
IP Limited All rights reserved. Used under license. 
FORT U NE 500 i s  a reg i s tered t rademark of 
FORTUNE Media IP Limited and is used under 
l icense. FORTUNE and FORTUNE Media IP 
Limited are not affiliated with, and do not endorse 
products or services of, Avantor.

Company Description
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, resea rch, 
distribution, and customer service resources, 
and a signi f icant 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 
por t fol io of  product s  and mater ia l s 
engineered and manufactured to satisfy the 
highest quality standards and regulatory 
requirements for each f inal product—
whether it is a vaccine, monoclonal antibody 
(mAb), recombinant protein, cell therapy, 
gene therapy, or small molecule treatment. 

Customers trust Avantor with downstream 
opt i m i z a t i on  s e r v i c e s  t o  i mprove 
biopharmaceutical process development. 
Through this offering, our Services teams 
work closely with customers to identify 
biopharma scale-up bottlenecks, streamline 

Avantor



At Avantor®, we know that quality is non-negotiable 
when developing treatments that help save lives. 

That’s why we make sure you have innovation-
advancing solutions, from single-use assemblies that 
streamline mAbs production to buffer components for 
vaccines — every solution engineered to the highest 
quality standards and regulatory requirements. 
Through research and manufacturing, we provide the 
workflow expertise and regulatory support to keep 
therapy approval and delivery on track.

Get trusted biopharma solutions that accelerate 
your breakthroughs. 

    avantorsciences.com/moves-science-forward/ 
biopharm/quality 

avac10839-AVA014P-BiopharmIntl-FullPagePrint-D23c.indd   1 10/12/20   10:07 AM

https://www.avantorsciences.com/pages/en/moves-labservices-forward
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T he imperative to prevent, treat, and 
cure the deadly COVID-19 virus has 
generated new research and manufac-

turing strategies, bolstered by unprecedented 
support from the federal government, private 
investors, and timely regulatory guidance and 
advice. Aware of intense pressure and great 
opportunity, industry moved quickly to identify 
compounds with potential to treat ill patients 
and to mitigate the virus’ lethal effects. The fed-
eral government poured billions into drug and 
vaccine development and production through 
its Operation Warp Speed (OWS) task force. At 
the same time, FDA struggled to meet often 
divergent and unclear requests and mandates 
from the White House and the Department of 
Health and Human Services (HHS), develop-
ments that have undermined public confidence 
in the agency’s independence. 

FDA’s first crisis involved confusion over the 
development and approval of diagnostic tests 
for the COVID-19 pathogen, a situation that 
resulted in notable delays in public access to 
products able to reliably identify infected indi-
viduals. While FDA was not solely responsi-
ble for the situation, knowledgeable observers 

believe that more proactive leadership 
from the agency could have acceler-
ated advances in this critical area. 

The agency’s new commissioner, 
Stephen Hahn became further entan-
gled in administration efforts to pro-
mote certain unproven COVID-19 
therapies and to demand that FDA 
issue Emergency Use Authorizations 
(EUAs) for potentially harmful treat-
ments. Hahn’s initial support for such 
authorization alienated agency staff-
ers and medical authorities alike and 

raised concerns about the agency’s ability to 
fully test and vet promising vaccines and other 
critical therapies. 

These issues came to a head in October as 
vaccine experts within FDA and from leading 
medical institutions emphasized the importance 
of obtaining sufficient safety and efficacy data 
on any vaccine prior to approving it for adminis-
tration to millions of individuals. This approach 
was considered critical to offset growing public 
“vaccine hesitancy” arising from fears that com-
panies and regulators were taking shortcuts to 
speed the development of COVID-19 vaccines for 
political purposes. Vaccine manufacturers sup-
ported the call for adequate test data to obtain 
results that could generate public support in the 
coming months.  

The accelerated development of several 
COVID-19 vaccines highlighted the critical role 
of FDA’s Center for Biologics Evaluation and 
Research (CBER). In May 2020, CBER Director 
Peter Marks opted to remain at FDA instead of 
shifting over to the administration’s OWS task 
force, as did Janet Woodcock, director of the 
Center for Drug Evaluation and Research (CDER), 
who moved temporarily to lead OWS therapy 
development efforts. Under Marks’ leadership, 
CBER issued critical guidance in June clarifying 
the requirements for developing and testing new 

The accelerated development 
of several COVID-19 vaccines 

highlighted the critical 
role of FDA’s CBER.

Jill Wechsler is BioPharm 
International’s Washington editor, 

jillwechsler7@gmail.com.

Manufacturers and regulators accelerate  
R&D and production of new vaccines and therapies. 

Pandemic Brings Major Changes to  
FDA and Drug Development in 2020
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Industry Trends with PDA

The Parenteral Drug Association (PDA) is the leading global provider of science, technology, 
regulatory information, and education for the bio/pharmaceutical community. For nearly 75 years, 
since its founding as a non-profi t in 1946, PDA has been committed to developing scientifi cally 
sound, practical technical information and resources to advance science and regulation through the 
expertise of our more than 10,500 members worldwide.

PDA is a truly global organization, with membership 
nearly equally divided between those working in 
the U.S. and in other regions around the world. 
Represented in this diverse membership is a growing 
number of early career professionals and students.

Recognized for our expertise and authority in the fi eld 
of parenteral science and technology, PDA is leading 
the way in promoting the exchange of information on 
rapidly evolving technology and regulations to ensure 
high-quality pharmaceutical production.

PDA supports its mission to advance 
pharmaceutical and biopharmaceutical science 
and regulation so members can better serve 
patients by:

• Providing global forums, both in person 
and virtually, for the scientifi c community, 
regulators, and industry professionals on 
emerging trends within the industry

• Delivering unique, hands-on, interactive 
education and training courses through PDA’s 
manufacturing training facility and online

• Fostering career-long learning and professional 
development

• Encouraging scientifi c information sharing 
among industry peers

• Serving as a leading contributor of information 
and expertise to infl uence global industry and 
regulatory solutions.

PDA draws its strength from its members, which 
includes a corps of 2,500 active volunteers. Our 
conferences, meetings, and training courses bring 
together pharmaceutical manufacturers, suppliers, end 
users, academics, and regulatory offi  cials in person 
and online for an unprecedented level of exchange on 
timely issues of mutual interest and concern.

Through the development of Technical Reports on 
pressing industry topics and responses to regulatory 
initiatives, PDA and its members infl uence the future 
course of pharmaceutical products technology. A natural 
progression was for PDA to expand this expertise into 
the world of creating standards that provide guidance 
to industry on best practices for drug manufacturing for 
patient use. In 2017, PDA was accepted as an ANSI-
accredited standards developer. In 2020, PDA released 
its fi rst standard on purchasing controls. Work is 
underway on multiple additional standards, with several 
scheduled to be published in the coming year.

Our internationally recognized publications, PDA 
Journal of Pharmaceutical Science and Technology 
and PDA Letter, keep pharmaceutical manufacturing 
professionals up to date on the latest science and 
current industry and regulatory news.

Together, these activities promote the advancement 
of pharmaceutical science in the interest of the 
ultimate end-user—the patient.

PDA
4350 East-West Highway, Suite 600, Bethesda, MD 20814, USA 

TELEPHONE +1.301.656.5900 | FAX +1.301.986.0296
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vaccines to protect against COVID-
19 infection, with an emphasis on 
the need for large, randomized, 
placebo-based clinical trials to pro-
vide adequate safety and efficacy 
data, as well as upfront manufactur-
ing information (1). Further guid-
ance in October specified similar 
approaches for gaining FDA EUA for 
a new vaccine (2).

Many of these clinical devel-
opment programs benefited from 
OWS funding, as did early produc-
tion of large quantities of test vac-
cines—a marked change from the 
usual practice of delaying invest-
ment in scale-up and production 
until clinical testing showed results. 
The aim was to provide sufficient 
quantities of any preventive as soon 
as testing demonstrated an immune 
response. FDA guidance empha-
sized the need for early chemis-
try, manufacturing, and controls 
(CMC) data, while providing lee-
way in batch stability records (1). 
Vaccine sponsors signed up contract 
manufacturers and other firms to 
be prepared for fast scale-up when 
authorized. OWS also supported 
added production of glass vials and 
injectors critical for vaccinating 
hundreds of millions of individuals. 

TRAINS KEEP RUNNING
While shifting many staffers to 
operations involved in COVID-19 
product development and review, 
FDA also worked overtime to main-
tain support and approval of new 
therapies for the usual broad spec-
trum of serious medical condi-
tions. Innovative biomedical R&D 
faced added challenges from delays 
in many new and ongoing clin-
ical trials due to pandemic com-
plications. Moreover, FDA had to 
cancel regulatory inspections, par-
ticularly those involving foreign 
firms. Instead, the agency looked 
to evaluate the quality status of an 

operation producing a new drug 
or vaccine through greater reliance 
on compliance history, production 
records, analysis of actual products, 
and inspection reports from other 
trusted regulatory authorities. 

Supply chain security for drugs 
and medical products emerged as a 
critical issue, as the global pandemic 
raised fears about reliable access to 
medicines and their components 
produced overseas. Shortages in 
certain vital therapies for treating 
hospitalized patients, including anti-
biotics and sedatives, prompted FDA 
to bolster efforts to detect pending 
shortages in advance and to support 
alternative production activities, 
including broader drug compound-
ing and the administration’s “buy 
American” campaign to expand 
production of drugs and medi-
cal products in the United States. 
These developments highlighted the 
importance of manufacturers’ ability 
to establish modern, more reliable 
pharmaceutical manufacturing oper-
ations able to maintain high quality, 
reliable production with well-docu-
mented internal oversight. 

The pandemic slowed but did 
not derail a range of FDA initiatives 
designed to improve the regulatory 
process. CDER finalized the over-

haul of its Office of New Drugs, 
with an expanded number of 
offices and divisions implement-
ing a new team-based “integrated 
review” approach for assessing new 
drug applications.  

In addition to focusing on vac-
cine development, CBER’s Office 
of Tissues and Advanced Therapies 
(OTAT) continued to experience a 
surge in proposals for developing 
new cellular and gene therapies and 
regenerative medicines. Hundreds 
of investigational new drug appli-
cations flooded OTAT, many raising 
challenging and unique medical 
and technical issues, including con-
cerns about ensuring product 
quality, purity, and strength. In 
expediting development programs, 
FDA focused on clarifying strategies 
for product characterization, pro-
cess validation, scale-up, and ensur-
ing stability. 

FDA has approved more than 
40 innovative medicines this past 
year and worked hard to meet user 
fee time frames for prescription 
drugs, generics, and biosimilars. 
Those numbers may drop in the 
coming months, as sponsors face 
continued difficulties in launch-
ing new clinical trials and in doc-
umenting quality manufacturing 
operations. With the coronovirus 
again surging across the nation 
and the world as this historic year 
draws to a close, the only cer-
tainty is that both obstacles and 
opportunities will continue to 
challenge biopharmaceutical com-
panies, regulatory authorities, and 
the research community in the 
months ahead. 

REFERENCES
 1. FDA, Development and Licensure of 

Vaccines to Prevent COVID-19, 
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2020). 
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Prepping Fill/Finish Systems  
to Ensure Quality Output 

A holistic approach to validation and quality assurance is essential.

CYNTHIA A. CHALLENER

B  iologic drugs are highly valuable in treating diseases, 
and assurance of sterility and proper final product 
quality is essential. Appropriate testing must be con-

ducted to ensure the filled vials, syringes, cartridges, etc. con-
tain the correct quantity of sterile, contaminant-free product. 
Aseptic process simulations are crucial for the assessment of 
aseptic filling capabilities.

The main goal during aseptic processing is to prevent 
contamination of the final product by microbes, particulates, 
or pyrogens. That prevention requires control of incoming 
materials and active supplier quality management, appro-
priate facility design, and advanced technologies involved in 
final formulation and filling processes, as well as consider-
ation of sensitive product characteristics for biological drugs 
(i.e., sensitivity to light, temperature, mechanical stress, and 
oxygen), according to Oliver Kurz, vice president quality 
assurance at Vetter. Management of the ‘human’ factor also 
must be addressed. “A holistic approach considering all rele-
vant aspects is key to the successful validation of aseptic fill-
ing operations. The intent is to validate the process from an 
aseptic perspective and any negative impact on sterility must 
be ruled out,” he asserts.

MANY ELEMENTS TO INCORPORATE
A number of elements must be incorporated to ensure quality 
filling processes. April Peters, director of quality assurance at 
Catalent, lists a full cleaning and sanitization program, area clear-
ances to ensure reduced risk of product mix-ups, use of checklists 
for setting up equipment, and use of engineering tools to ensure 
that equipment is aligned and ready for operation among the 
essentials. She also notes that the use of an automated environ-
mental monitoring system reduces operator intervention and risk 
of bioburden introduction, while automated clean-in-place and 
steam-in-place systems maintain sterility assurance for lines.

As importantly, Peters says, strong aseptic technique training 
and intervention programs provide a solid foundation to ensure 
operators maintain the Grade A environment. Frameworks 
must also be built to ensure smooth communication and proper 
escalation. “Catalent Biologics’ facility in Bloomington, IN, has 
incorporated a shop floor [quality assurance] QA team to observe 
operations and review documentation while fills are in progress. 

Cover Story: Fill/Finish
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By partnering with manufacturing, cor-
rections are addressed in a timely manner, 
reducing deviations,” she observes.

RISK AND CONTROL
An assessment of each process step should 
be made to identify risks and describe the 
problems so that they can be evaluated 
and eliminated, or suitable management 
mechanisms can be constructed, accord-
ing to Jim Donovan, vice-president of 
Pfizer CentreOne Operations. “A robust 
contamination control strategy (CCS) 
based on the risks identified ensures 
the required controls, preventions, and  
detection systems are in place to maintain 
product quality,” he states. 

CCS, Donovan adds, is a holistic 
approach that considers but is not lim-
ited to aspects related to the environment 
(cleaning, sanitization, and environmen-
tal monitoring programs), the product/
process (introduction of appropriate 
and effective bioburden-reducing and 
sterilization steps), the equipment and 
technology (fit-for-purpose, validated, 
and established through use of quality 
by design [QbD] and innovation), and  
personnel (trained and qualified).

The best approach, agrees Maria 
Lacourt, director of manufacturing 
operations for Alcami, is to conduct a 
holistic assessment of all the controls for 
the process and work toward a facility 
design that ensures proper execution of 
the process. “Beyond meeting require-
ments for the relevant room classification, 
the right equipment must be identified 
that enables optimum performance 
within appropriate containment systems 
such as isolators, which ensure reduced 
intervention of operators during aseptic  
processing,” she says.

In addition to proper training and 
qualification of staff executing the filling 
process, Lacourt also stresses the impor-
tance of managing the materials used in 
the process. “It is important to identify 
vendors, establish container closure integ-
rity, and assess all of the properties of the 
materials that can impact product quality 
attributes,” she explains. 

THE CONTAINER FACTOR
Sterile products can be aseptically filled 
into a variety of containers, such as 
vials, prefilled syringes, cartridges, and 
ampoules. While the general process 
steps (washing, sterilization/depyroge-
nation, filling) do not vary depending 
on the type of container processed, the  
complexity and details can vary signifi-
cantly, according to Kurz. “With con-
tainers of different shapes and opening 
sizes, the aseptic exposure risk will be 
accordingly different,” adds Yiwei Li, 
senior engineer of drug product 4 (DP4) 
at WuXi Biologics. 

The type of filling line—open Grade 
A, restricted access barrier system 
(RABS) or isolator—can also impact 
the number of steps involved, as can the 
method used for sterilization (filtration 
vs. thermal or chemical treatment) and 
whether or not lyophilization is required, 
according to Donovan. 

Peters gives several examples. “Sterility 
assurance steps may vary depending on 
the components and filling line utilized 
for a product. Vials intended for one line 
may be ready-to-use and ready-to-ster-
ilize for another filling line requiring 
washing and depyrogenation. Likewise, 
stoppers may be ready-to-use or need to 
be steam-sterilized and require additional 
processing steps.”

“Facilities that manufacture different 
product presentations or products filled 
in multiple container types may apply a 
family or matrix approach to qualification, 
although there should be a strong sci-
entific and/or risk-based justification for 
doing so,” Donovan notes.

MEDIA FILL STUDIES
Aseptic process simulations (APS), 
also referred to as media fill studies, are 
critical to qualification of an aseptic facil-
ity, according to Li. They demonstrate, 
adds Lacourt, the ability of the filling 
process to operate consistently all of the 
time due to the design of the process, 
facility, equipment, and the training of 
the personnel. “The goal is to determine 
the microbiological risk associated with 

the performance of specific interventions 
and to challenge the way those interven-
tions are executed in a simulation to con-
firm that they do not in any case affect 
the sterility of any manufactured product,” 
she says.

The APS is used to challenge the 
aseptic capability of the manufacturing 
process from the point of view of product, 
equipment, and component sterilization 
through container closure and subsequent 
processes that may impact unit integ-
rity, adds Donovan. “Their purpose is to 
assess the entire process from beginning 
to end for weaknesses, which may result 
in microbial contamination of your final 
product,” he says.

In Vetter’s experience, according to 
Kurz, all aseptic operations should be 
assessed within a properly designed 
media fill. The testing should take into 
consideration careful inherent and cor-
rective interventions as well as worst-
case conditions like maximum permitted 
holding or duration times. “A compre-
hensive understanding of the process and 
its related aseptic criticalities that takes 
into consideration the variances during 
routine operations is essential to effec-
tively conduct successful aseptic process 
simulations,” he remarks. 

If done correctly, media fill studies pro-
vide information on processing opera-
tions that may affect the sterility of the 
final product and the performance of 
aseptic filling personnel under operating 
conditions, according to Donovan. 

Media fill execution is also used to  
certify the personnel who will partici-
pate in the sterile manufacturing process, 
according to Lacourt. 

SUCCESSFUL SIMULATIONS
Each APS must reflect the processes used 
on the targeted filling line and consider 
the specific processing elements used for 
manufacture on that filling line, states 
Donovan. “There are many elements 
to the manufacturing process that can 
impact or contribute to the sterility of 
an aseptically manufactured product. 
Balancing these considerations into the 
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APS in a representative way will likely 
be a primary topic during a regulatory 
inspection. If the tests are performed cor-
rectly then the boundaries of the man-
ufacturing process will be demonstrably 
represented by the media fill process. The 
negative growth of all units in the media 
demonstrates the line’s capability to asep-
tically manufacture,” he continues.

Critical components to consider for 
aseptic simulations include the frequency 
of media fills, the type of filtration used, 
the number of aseptic connections, the 
interventions, personnel qualification, 
environmental monitoring, allowable 
rejects, incubation temperatures and 
durations, who is completing the inspec-
tion, when samples are taken for growth 
promotion, accountability for filled units, 
and processing hold times, according to 
Amanda Adams, director of validation 
and quality engineering for Catalent. 
Others, according to Donovan, include 
the line speed, vial size, the number of 
operators, the length of time an operator 
can remain in the aseptic area, and equip-
ment and component hold times.

Design of an APS should be scientific, 
risk-based, and mimic the production 
process, incorporating the contamination 
risk factors that occur on a production 
line, Donovan asserts. It should also be 
designed not to impede the recovery and 
growth potential of the media used in 
the process. In addition, the APS should 
reflect the overall process validation 
and simulate manufacturing operations 
including “worst case” activities and con-
ditions as identified during risk assess-
ment, according to Li.

“Setting up an APS program should 
include defining the aseptic pro-
cesses, performing a risk assessment 
for each process, and evaluating each  
process for key control points and key 
factors that could present a risk of  
microbial contamination of the  
product,” Li says, noting that at WuXi 
Biologics, a bracketing approach is used 
because multiple products or dosage 
forms are being filled or processed in 
the same facility.

Lacourt agrees that the key to per-
forming successful media fill studies is 
development of a validation master plan 
that includes the strategy that will be fol-
lowed, the components that will be used, 
the aseptic process times to be challenged, 
and the validation approach. Personnel 
must also be trained to ensure proper exe-
cution of each step and appropriate docu-
mentation must be maintained, she adds.

A SUCCESSFUL APS
There is significant complexity involved 
in coordinating and scheduling an 
APS in a dynamic manufacturing envi-
ronment that manufactures multiple 
products with variants in batch size, on 
multiple filling lines using variants in 
primary packaging components and 
supported by personnel on multiple 
shift patterns, according to Donovan. 
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In addition, often not everyone under-
stands the need and requirements of 
media fills, Adams observes. It is also 
important to ensure operators understand 
that units that may be rejected during a 
routine manufacturing batch would not 
be considered a reject during a media fill. 

“Communicating the rationale to execute 
specific requirements can become a chal-
lenge as a result,” she comments.

The best way to manage these chal-
lenges, observes Lacourt, is the use of a 
structured program within a good quality 
system combined with planning the exe-
cution of media fills. 

ANALYTICAL ASPECTS  
ARE EQUALLY IMPORTANT
Demonstrating the quality of a filling 
process requires performance of effective 
and validated analytical methods. While 
each product will dictate what analy-

ses are required, there are a few critical 
aspects that must be incorporated for 
those that are manufactured in aseptic 
filling lines, according to Adams. 

If aseptic filtration is performed, then 
filter integrity testing data are key to 
support sterility of the batch. “Pre- and 
post-use filter integrity testing is essen-
tial to ensure that material is sterile-fil-
tered. Implementing a filter testing 
protocol specifically for a given filter 
design can be challenging, but these 
difficulties can be overcome by working 
with filter or sterile filtration assembly 
manufacturers,” Adams says.

Periodic assessment of fill weights 
should also be conducted during aseptic 
filling to ensure that the required vol-
ume per container meets specifications, 
according to Adams. This information 
provides continuous feedback that the 
line is functioning as intended.

During media fills (APS), microbi-
ological testing should encompass all 
of the testing completed during the 
manufacturing process itself, according 
to Lacourt, including pre- and post-
use filter testing and sterility testing. 
Sterility tests, adds Adams, are critical 
to assessing the successful execution of 
aseptic processing, and procedures on 
sample collection and testing perfor-
mance should be documented. 

Each unit in a media fill must be 
inspected for turbidity by qualified 
inspectors to confirm that the aseptic fill-
ing operation can produce sterile units, 
Adams continues. Furthermore, the num-
ber of units filled and incubated should 
be documented, as should the number 
of units rejected pre-incubation with the 
cause for rejection, according to Li. After 
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Aseptic filling involves complex interactions and therefore 
requires close coordination between the personnel, sterilized 
product, filling system/line, cleanroom, support facilities, and 
sterilized filling components to ensure the quality of filling 
operations for biopharmaceuticals. In recent years, aseptic 
filling technology has evolved from restricted access barrier 
systems (RABS) to isolator to even robotic aseptic solutions, 
drastically improving how drugs are produced in an aseptic 
manner, according to Yiwei Li, senior engineer of drug product 4 
(DP4) at WuXi Biologics.

WuXi Biologics has several traditional fill lines, but recently 
added an aseptic filling facility leveraging Vanrx SA25 robotic 
aseptic filling technology (Vanrx), which greatly simplifies the 
aseptic fill/finish process via the use of a gloveless robotic 
isolator and ready-to-use (RTU) and single-use materials. 

“The system eliminates all human intervention into the filling 
area and provides an advanced aseptic assurance level,” 
says Li. 

With RTU materials, Li notes that vial washing/depyro-
genation, stoppers, and tooling sterilization are no longer 
required. The use of disposable technology reduces the risk 
for cross contamination, and thus also the sterility and particle 
risk. Aseptic media fill studies are also simplified due to the 
minimized need for intervention simulation. Combined with the 
smaller footprint, these factors help to reduce the cost of drug 
product operations, according to Li.

In addition, the system can handle a wide variety and sizes of 
contamination control strategies (CSS), such as vials, cartridges, 
and pre-filled syringes. “By design, the CCS formats reduce 
rejection rates caused by particles and other part defects that 
are more common in traditional rubber stopper and aluminum 
crimp seal configurations,” observes Li.

Key in-process and product release analyses with this 
system include the bioburden and concentration for drug 
products, the weight check for filling accuracy, and sterility 
test for drug products, Li notes. The weight check for filling 
accuracy is performed inline using an automatic sampling 
and weighing system included with the machine. Sterility and 
bioburden tests are performed offline in the quality-control lab.

Since the first good manufacturing practice run using the 
robotic aseptic filling line was completed in WuXi Biologics’ DP4 
facility in July 2019, no environmental monitoring excursions 
have occurred, all five media fills passed with a 100% success 
rate, and 16 client quality audits revealed no critical findings. 
Through the end of Q2 2020, the company has successfully 
filled more than 50 batches of drug product with an acceptance 
rate of up to 99.8%. 

“Since constructing and implementing the Vanrx SA25, we 
have been able to demonstrate its value for the industry with 
much improved aseptic assurance, flexibility, capacity, and 
reliability to support our clients’ complex drug filling needs, 
particularly in terms of reduced time to market,” Li asserts.

A robotic filling solution

Contin. on page 20
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& beverage, consumer packaged goods, oil 
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industries. Our best-in-class LIMS platform 
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Company Description
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wide range of industries rely on LabVantage’s 
highly configurable, purpose-built, 100% 
web browser-based platform to innovate faster 
in the R&D cycle, improve manufactured 
product quality, achieve accurate record-
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global regulatory requirements. 
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transformation of your labs, or your entire 
enterprise.
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scalable, cost-, and time-efficient processes for 
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Company Description
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services, cGMP manufacturing, and drug 
product fill finish services for small and large 
molecule APIs and intermediates. 

Ajinomoto Bio-Pharma Services offers 
a broad range of innovative platforms and 
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to commercial quantities, including Corynex® 
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synthesis, antibody drug conjugations (ADC), 
high potency APIs (HPAPI), continuous flow 
manufacturing, and more. Ajinomoto Bio-
Pharma Services is dedicated to providing a 
high level of quality and service to meet our 
client’s needs.

Ajinomoto Bio-Pharma Services is your 
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production challenges, provide solutions to your 
development process, and deliver your new 
therapies to patients who need it most. 
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incubation, he notes that the number of 
units experiencing positive growth and 
their relevant tray identities should be 
recorded, and a detailed investigation con-
ducted to determine the root cause and 
appropriate corrective/preventive actions.

Growth promotion testing of filled 
units is also important to demonstrate 
that microbes of concern can in fact grow 
under the processing conditions, adds 
Kurz. “Contact of the nutrient solution 
with all interior surfaces in the aseptically 
filled units must be assured. All filled 
containers should be incubated at two 
different temperatures with each fol-
lowed by a visual inspection. Additionally, 
training of visual inspection operators 
including the methodology applied to 
identify microbiological contamination 
is important to consider,” he says. The 
resulting microbiological analyses and 
visual inspection will demonstrate the 
process capability for product sterility.

Environmental personnel monitor-
ing during the execution of an APS is 
also important, according to Donovan, 
including viable and non-viable air sam-
pling, surface sampling (contact plate and 
swabbing), and evaluation of process air 
and water for injection. The results are 
used to assess contamination controls in 
the manufacturing area and may be used 
in the event of a failure of the APS to 
help identify a root cause.

To ensure an effective simulation 
and result, Li observes that quality 
unit oversight of the entire process, 
including observation in real time, is 
required. “Ensuring appropriate quality 
oversight during media fills and per-
formance of interventions is essential,” 
agrees Adams. “Quality oversight pro-
vides verification that media fills and 
interventions are performed and doc-
umented appropriately, ensuring the 
operations' validity,” she asserts.

“Specifically, observation of an APS 
performed by qualified personnel whose 
responsibility it is to document aseptic 
behaviors and maintain a log of any 

issues that may have occurred is import-
ant,” Donovan says. This information 
can be used as feedback on personnel 
behaviors for continuous improvement 
and for root cause analysis.

A final report providing an evaluation 
of the entire media fill and including a 
conclusion on the acceptability of the 
APS is also required, Li remarks.

MORE THAN ONE MEDIA FILL
It is not sufficient to run a media fill once. 
Routine requalification is an important 
part of the manufacturing landscape and 
is performed at a minimum twice per year 
per filling line, according to Donovan. 

“Performing ad-hoc APS beyond the rou-
tine requirement should be considered in 
response to significant modifications to 
equipment or facilities, changes in per-
sonnel, facility shutdowns, or as a result of 
a product sterility failure during routine 
manufacture,” he adds.

In addition, it is important to recog-
nize that validation of the aseptic capa-
bility of filling operations is only one 
stage in the validation of the overall pro-
cess, says Donovan. “Other stages that 
contribute to the success of the aseptic 
filling validation include: primary pack-
aging container qualification, extract-
able and leachable studies, equipment  
qualification, filter validation, environ-
mental monitoring performance qualifica-
tion, personnel training and qualification, 
robust manufacturing procedure and 
batch record development, utility qualifi-
cation, cleaning validation, cleanroom val-
idation, and sterilization cycle validation,” 
he explains. Collectively these activities 
contribute to demonstrating the capability 
of a process to consistently produce prod-
uct that will meet the pre-determined 
product quality attributes.

HOLISTIC APPROACH IS BEST
Because aseptic filling is a complex pro-
cess, a holistic approach to validation and 
assurance of the quality of this critical 
operation is essential. “The establish-
ment of a thoroughly designed systematic 
approach is key to the successful valida-

tion of aseptic processes, including fill/fin-
ish,” states Kurz.

As a result, building and validating a 
quality program for aseptic filling oper-
ations requires the support of manufac-
turing, engineering, and technical teams, 
as well as quality control, according to 
Peters. “All functions have vested inter-
ests in the proper execution of media 
fills and aseptic fill processes to ensure 
patients receive life-enhancing and 
life-saving medicines,” she observes. 

Donovan comments that a high level 
of process understanding is fundamental 
to successful validation of aseptic filling 
operations and manufacturing a prod-
uct that meets quality standards. Using 
tools like TrackWise (Sparta Systems), 
an automated tracking system to manage 
change control and manufacturing inves-
tigations; good manufacturing practices; 
and monitoring process performance 
through continued process verification 
are key, he adds.

“The most common failure modes 
include contamination resulting from 
human intervention and exposure of crit-
ical surfaces before and during filling,” 
Donovan continues. “Therefore, con-
tinued investment in personnel training 
and development and facility mainte-
nance through preventative maintenance 
and calibration programs is important. 
Adopting a QbD approach also results 
in fewer defects, failures, and investiga-
tions, higher yields, and lower costs, all 
indicators of a well-controlled, managed, 
reliable quality process,” he states.

For Lacourt, it is important that every-
one involved in aseptic filling operations 
understands that aseptic processes rely 
heavily on process protocols, personnel 
practices, equipment utilization, and facil-
ity design and controls. “It is the combi-
nation of these elements that ensures the 
exclusion of microorganisms from sterile 
processes, components, and products. It 
isn’t sufficient to have the best techniques 
for intervention if the equipment is not 
properly designed or the facility is not 
qualified to ensure contamination con-
trol,” she concludes. ◆
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Virus-like Particles as  
Therapeutic Moieties of the Future

Analytical and functional characterization of virus-like particles 
enables process reproducibility and product consistency. 

RAMESH KUMAR, MANIDIPA BANERJEE, AND ANURAG S. RATHORE

V irus-like particles (VLPs) are viral capsid shells 
assembled without encapsulated nucleic acid. These 
particles resemble native virions, are highly ordered 

and repetitive, and are approximately 20 to 200 nm in diam-
eter (1–3). VLPs, like native virions, can be non-enveloped 
or enveloped and icosahedral or pleomorphic (4–7). The 
uniformity and self-assembly of VLPs, along with their 
ability to withstand chemical modifications primarily on the 
outer surface, make them flexible and stable alternatives to 
nanoparticles, such as liposomes and metal assemblies (1,8). 
At least 110 VLPs have been constructed so far from 30 
different virus families (1), and a variety of expression sys-
tems ranging from bacteria to mammalian cell systems have 
been used for their production (9). VLP surfaces have been 
modified through genetic or chemical means for display of 
molecules or antigens of interest (1,10), and manipulation of 
particles pre- and post-assembly has resulted in encapsula-
tion of a variety of cargo molecules (3). 

In this 44th article in the “Elements of Biopharmaceutical 
Production” series, the authors review the status of VLPs as 
therapeutics as well as challenges associated with their ana-

lytical and functional characterization. Concerns related to 
their stability are also discussed.

APPLICATIONS OF VLPs
The well-defined structure of VLPs, stability, non-infectious 
nature, and their ability to encapsulate molecules have resulted 
in tremendous applications of these particles in the areas of bio-
technology, chemistry, and therapeutics (see Figure 1). Some 
of the therapeutic applications of VLPs are discussed as follows.

Vaccine development
Traditional viral vaccines, which are based on inactivated 
or attenuated infectious virus, are difficult to produce and 
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may cause adverse reactions in immu-
nocompromised patients (9). Several 
VLPs can be easily produced at a large 
scale (4) and have a better safety pro-
file due to the lack of viral genome. 
Further, owing to their highly repeti-
tive surface structure and resemblance 
to native virions, these are highly 
immunogenic in nature. Inside the 
body, they are actively taken up by 
the antigen presenting cells (9) and 
induce strong humoral as well as 
cell-mediated immune responses, even 
without adjuvants (1). VLPs have thus 
emerged as an excellent alternative 
to traditional viral vaccines. Further, 
they can also be used as vaccine adju-
vants (8). The first VLP-based vaccine 
was approved in 1986 (11), and since 
then, several such vaccines have been 
licensed and many more are in clinical 
trials (see Table I). 

Bioimaging and diagnostics
VLPs are biocompatible, have low toxicity, 
and can be conjugated to fluorescent dyes, 
probes, or contrast agents to obtain better 
contrast with low toxicity in magnetic 
resonance imaging and positron emis-
sion tomography (6). This makes them 
excellent tools for in-vitro and in-vivo 
bioimaging as well as live cell imaging 
(3). Further, the potential of VLPs to tar-
get specific cell types increases signal-to-
noise ratio in diagnostic imaging, thus 
providing better resolution (8). VLPs dis-
playing specific antigenic proteins can 
also be used as diagnostic agents (1). 

Delivery vehicles
VLPs derived f rom human viruses 
are conditioned to disassemble in the 
intracellular milieu and are therefore 
particularly well suited to deliver car-
gos within the body. VLPs have been 

shown to encapsulate a variety of cargo 
including foreign DNA, plasmid DNA, 
RNA (4), genome editing machin-
ery, siRNA, proteins, and peptides 
for in-vitro and in-vivo applications. 
Further, drug molecules such as anti-
cancer drugs, Adriamycin (doxorubicin 
hydrochloride), and aleomycin can also 
be loaded and delivered to target cell 
types (3,4). Encapsulation of drug mol-
ecules within VLPs, besides providing 
the advantage of targeted delivery, also 
prevents degradation of drug molecules 
in the bloodstream (3). 

Gene therapy
The ability of VLPs to deliver spe-
cific genes make them attractive tools 
for gene therapy. Traditional tools for 
gene therapy, such as liposomes, have 
restricted packaging capacity, produc-
tion difficulties, and undesirable immu-

Development

Figure 1. Applications of virus-like particles (VLPs) in therapeutics. (A) VLPs can be engineered to either display or encapsulate 
molecules. (B) Therapeutic VLPs can be used in vaccine, imaging, cargo delivery, gene therapy, and cell targeting. MHC is major 
histocompatibility complex molecule.
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nological properties, whereas VLPs can 
potentially be engineered to overcome 
these limitations, thus opening a new 
paradigm for gene therapy (1).

Cell targeting
Cell type-specific ligands, such as pro-
teins, aptamers, and small molecules, 
can be chemically or genetically cou-
pled to the outer surface of VLPs to 
achieve cell-specific targeting, which 
can be further useful in medicine and 
research (3, 12). Multivalent display of 
such targeting moieties also assists spe-
cific localization of VLPs.

Besides these applications in ther-
apeutics, VLPs are an excellent model 
system for studying the initial host 
interaction pathways of biosafety level 
4 restricted viruses and the modes  
of virus assembly (4). They have also 
found use in numerous other fields 
including biocatalysis, energy pro-
duction, development of nanoma-
terials (6), antibody purification(1), 
antigen screening (3), and tissue  
engineering (13).

CHARACTERIZATION OF VLPs
Post-production characterization of 
VLPs in terms of composition, morphol-
ogy, homogeneity, and stability is essen-
tial prior to their usage (see Figure 2). 
Various tools are available in this regard as 
discussed as follows and summarized in 
Table II. For simplicity, the analysis can 
be categorized into compositional, mor-
phological, functional, and stability based. 

VLP composition analysis
Depending on the parent virus, VLPs 
may be composed of one or multi-
ple proteins, and may contain a lipid 
layer. In addition, various non-desired 
impurities such as media components, 
debris, host DNA or RNA, and exo-
somes may be retained in the final 
product (14). Modification of VLPs 
may also affect their downstream 
application. Identification of the  
composition is thus a prerequisite for 
characterization of VLPs. 

Mass spectrometry (MS) is a robust 
tool to analyze the molecular mass, 
amino acid composition, and post-trans-
lational modifications (PTMs) of the 
capsid proteins present in VLPs. The 
high sensitivity of this technique facil-
itates detection of even single amino 
acid changes (15). PTMs such as gly-
cosylation can also be analyzed using 
lectin-based glycan differentiation assay 
(16). Sodium dodecyl sulphate–poly-
acrylamide gel electrophoresis (SDS–
PAGE) can be used to analyze the 
molecular weight and protein purity of 
VLPs. The identity of individual cap-
sid proteins can be confirmed using 
Western blotting in conjunction with 
SDS–PAGE (1). 

Reverse phase–high-performance 
liquid chromatography (RP–HPLC) 
is a f requently used analytical tool 
for protein characterization and 
purification, and has been recently 
shown to be useful for characteri-
zation of VLPs. It can also be used 
to analyze molecular mass and VLP 
disassembly (17). 

V i r u s  c a p s i d  p ro t e i n s  t h a t 
se l f-assemble  to  generate  par-
t ic les  sometimes contain f lex i-
ble, positively charged regions that 
associate with viral genome. In 
absence of cognate genome, and 
for charge neutralization prior to 
assembly, particles encapsulate a  
variety of nucleic acids f rom the 
expression host. Some of the pack-
aged RNA can even be transposable 
elements (18). Also, expression host 
DNA frequently co-purify with VLPs. 
VLPs as a delivery system for nucleic 
acids require encapsulation of DNA 
or RNA. To check the association or 
encapsulation of nucleic acid with 
VLPs, native agarose gel electropho-
resis can be performed (15). The type 
of nucleic acid encapsulated, whether 
DNA or RNA, can also be analyzed 
by treating the VLP sample with 
respective nuclease and then analyz-
ing on the agarose gel. Loss of bands 
upon nuclease treatment suggests the 

encapsulation of respective nucleic 
acids. The sequence of encapsulated 
nucleic acids within VLPs can also 
be confirmed via reverse transcriptase 
polymerase chain reaction (19) and 
next-generation sequencing (1). 

Morphology analysis
Correct size of the particles is a crit-
ical attribute of a VLP preparation. 
Various analytical tools can be used 
to analyze the size of VLPs, such 
as electrospray-differential mobil-
ity analysis (ES–DMA), asymmet-
rical flow field-flow f ractionation 
with multiple angle light scatter-
ing (AF4–MALS), dynamic light 
scattering (DLS), disc centrifuga-
tion, size-exclusion chromatography 
(SEC), analytical ultracentrifugation 
(AUC) (15), and nanoparticle track-
ing analysis (NTA) (20).

ES–DMA quantifies the external 
size of VLPs based on their electri-
cal mobility, with resolution in the 
sub-nanometer range. Such high res-
olution allows analysis of even small 
shifts in particle size and hence can 
be used to analyze size distribution 
in a VLP preparation (21). Physical 
parameters of VLPs such as molec-
ular mass, density, size distribution, 
polydispersity, and conformation can 
be studied at high resolution, even 
for a heterogeneous sample without 
causing any aggregation using an 
AF4-MALS technique (22). DLS, 
disc centrifugation, AUC (15), SEC, 
and NTA (20) are other tools that 
can be used to check the size and 
polydispersity of VLPs. AUC cal-
culates the sedimentation velocity 
of VLPs and provides information 
about the molecular weight, size dis-
tribution, and conformation of the 
particles (15). A SEC profile of a 
VLP is indicative of its structure, and 
any variation in it indicates possi-
ble variation in the structure of a 
VLP (23). NTA offers a non-invasive 
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method to quickly analyze size dis-
tribution, identify aggregates, and 
calculate the concentration of parti-
cles (20). It is to be noted that envel-
oped, pleomorphic VLPs typically 
offer a range of sizes and shapes and 
are relatively difficult to character-
ize compared to non-enveloped ones. 
For the former, f requently, mem-
brane vesicles decorated with surface 
proteins co-purify with VLPs, which 
can be identified using high reso-
lution structural methods, such as 
cryo-electron microscopy (cryo-EM).

The structural  character ist ics 
of VLPs can be mapped by vari-
ous techniques including transmis-
sion electron microscopy, cryo-EM, 
atomic force microscopy (AFM), and 
x-ray crystallography, the latter being 
applicable to uniform, non-pleomor-
phic particles. X-ray crystallography 
and cryo-EM can be used to gen-
erate three-dimensional structures 
of a uniform population of VLPs 
at high resolution and reveal the 
precise location of epitopes. These 
methods can also be used to study 
morphology and size distribution of 
particles (24). Spectroscopic tech-
niques like ultraviolet spectroscopy, 
circular dichroism spectroscopy, and 
intrinsic and extrinsic fluorescence 
can be used to study the secondary 
and tertiary structure of VLPs and 
their conformational changes (25).

Functional analysis
Functional characterization of VLPs 
includes assays to evaluate binding 
ability of drug delivery vehicles to 
specific target cells, or antigenicity 
and immunogenicity of vaccine can-
didates. These assays are crucial for 
ensuring correct downstream appli-
cation of VLPs and determining the 
potency of the preparation. Both 
in-vivo studies in animal models and 
in-vitro studies using methods such 
as enzyme linked immunosorbent 
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Figure 2. Schematic illustration of construction and characterization of virus-like 
particles (VLPs). The target gene is amplified via polymerase chain reaction (PCR), 
cloned, and expressed in an expression host. The expressed proteins self-assemble 
to form VLPs which are then purified using chromatographic techniques, such as size 
exclusion chromatography (SEC), ion exchange chromatography (IEC), and affinity 
chromatography (AC). The purified VLPs are then characterized analytically (see 
abbreviations below the figure). 
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assay (ELISA), surface plasmon res-
onance (SPR), and in-vitro relative 
potency (IVRP) assays can be per-
formed in this regard (24). Solution 
competitive ELISA tracks the cor-
rect display of epitopes on VLPs 
with a neutralizing monoclonal anti-
body against the respective epitope, 
which allows real-time monitoring 
of relative antigenicity of VLPs 
during manufacturing as well as in 
product form. Also, the technique 
can be used to detect alterations in 
epitopes, if any, such as during stor-
age. SPR offers a high-throughput, 
rapid, label-f ree method to detect 
association of VLPs with their tar-
gets in real time (26). 

An IVRP assay reports the qualitative 
and quantitative epitope composition of 
a VLP sample and is a good predictor 
of VLP potency. The results of the assay 
have been found to correlate well with 
human clinical data (27). It is a good 
alternative to animal potency assays. 

Stability analysis
The stability of VLPs varies based 
on the composition, size, presence of 
lipids, and other characteristics. The 
shape, size, and arrangement of coat 
proteins on stable particles may get 
altered in response to stress condi-
tions, such as pH. For drug delivery 
vehicles, identification of conditions 
that favor their disassembly and 
reassembly is essential for their opti-
mal packaging and eventual release 
of cargo molecules. Thermostability 
of VLPs can be evaluated by differ-
ential scanning calorimetry (DSC) 
and cloud point assays. While DSC 
is used to detect unfolding of com-
ponent proteins, cloud point assays 
reveal the tendency of VLPs to 
aggregate during conditions of ther-
mal stress. Further, aggregation and 
degradation of VLPs can be studied 
by AFM, cryo-EM, DLS, interlaced 
size exclusion–ultra high perfor-
mance liquid chromatography, IVRP 
assay, MS, native agarose gel elec-

trophoresis, RP–HPLC, and SPR 
(1,6,15,20,24,27–32).

These  biophys ica l , b iochemi-
cal, and immunochemical methods 
ensure process reproducibility and 
product consistency in recombinant 
VLPs during the manufacturing pro-
cess. These characterization methods 
are thus key to preclinical and clin-
ical studies, as well as commercial 
production of VLPs.

RECENT DEVELOPMENTS
Various breakthroughs with respect 
to VLP production, characterization, 
and their applications have been 
reported in the past few years, such 
as the following: 
• An SEC-based VLP purification 

strategy, for large-scale production 
of VLP-based vaccines, and an 
size-exclusion high performance 
liquid chromatography method 
have been developed as eff icient 
methods for analysis and quality 
checks of VLPs. These a l low 
quick analysis of VLP assembly 
for monitoring consistency in VLP 
formulations during production  
and storage (23). 

• A 19F-nuclear magnetic resonance-
based system for studying VLP 
disassembly has been established. 
Studying disassembly of VLPs  
is important especia l ly when  
VLPs have to be used as carriers, 
which are dependent on their 
breakdown (2).

• A rapid method for characterization 
of VLPs via interlaced SEC has been 
reported. With this advancement, 
the time of analysis has been reduced 
from 30–60 minutes per sample to 
3.1 minutes (31). 

• Investigation of spectroscopic 
c h a r a c t e r i s t i c s  o f  V L P s 
a nd  gener a t ion  of  sp ec t r a l 
fingerprints have been proposed. 
Generation of spectral libraries 
o f  V L Ps  w o u l d  a l l o w  fo r 
spectroscopy-based detection of 
VLPs (33).

• For high-throughput screening of 
formulations with small amounts of 
sample, a DLS-AF4 based method 
has been developed (15,34). 

• A VLP-based vaccine for malaria, 
Mosquirix (RTS/S), has received 
approval from regulatory authorities. 
This is the first vaccine for malaria in 
the world (9).

• Attempts have been taken to widen 
the spectrum coverage of VLP-based 
vaccine using chimeric systems, 
such as by adding a new epitope on 
existing VLP platforms (24). 

• Development of a VLP-based 
vaccine and diagnostic assay has been 
reported for Zika virus (35).

• VLPs have been used as biocatalysts 
and biosensors (36).  

• Catalytic nanomaterials have been 
developed for label-free detection 
of VLPs (37).

• Capillary electrophoresis-based 
methods have been developed for 
characterization of VLPs (38,39).

CHALLENGES ENCOUNTERED 
IN DEVELOPMENT OF 
THERAPEUTIC VLPs
While VLPs have established themselves 
as promising candidates for therapeutics 
and other applications, there are limita-
tions that hinder their development. The 
time involved in production, purifica-
tion, and characterization is currently 
a major challenge in developing VLP-
based products (3, 40, 41). VLPs based on 
enveloped, pleomorphic viruses or those 
containing multiple proteins with exten-
sive PTMs are difficult to generate (12, 
42). Most of the methods or techniques 
used for their characterization, such 
as AF4, are complicated or not readily 
available (22). The stability of VLPs, par-
ticularly lipid-containing VLPs, during 
formulation and storage are other chal-
lenges in the use of VLP-based thera-
peutics (34, 42). Repeated administration 
of VLPs may lead to inflammation and 
other responses, while incorporation of 
transposable elements may lead to other 
complications (18, 43).

Development
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FUTURE PERSPECTIVES
Since the approval of the first VLP-
based vaccine in 1986, the application 
of VLPs in therapeutics has grown 
exponentially. It is expected that future 
studies will be aimed at developing 
technologies that lead to large-scale yet 
economical production of VLPs and 
establishment of an appropriate analyt-
ical platform for rapid characterization. 
Improvement in methods may include 
development of in-silico tools to pre-
dict surface epitopes for VLP design, 
development of spectral libraries for 
rapid identification, and development of 
more efficient and rapid SEC columns. 
A complete understanding of the dis-
tribution of VLPs in the human body 
and toxicity and immunogenicity pro-
filing are other essential topics for VLP-
related future research. It is hoped that 
fast and efficient production methods 
and efficient analytical platforms may 
lead to more extensive usage of VLPs as 
potential therapeutics.
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Category Attributes Techniques References

Biochemical 
characterization

Molecular weight AUC, RP-HPLC, SDS-PAGE (1), (6), (15), (24) 

Integrity cryo-EM, SDS-PAGE  (29), (30)

Amino acid composition MS (1), (6), (15)

Protein modifications lectin-based glycan differentiation assay, MS (1), (6), (15), (16)

Protein identification
protease protection assay, SDS-PAGE, 

western blot
(1), (6), (15), (16), (24)

Purity SDS-PAGE, RP-HPLC (1), (6), (15), (20), (24)

Surface charge native agarose gel electrophoresis (1), (6), (15)

Encapsulation of nucleic acids native agarose gel electrophoresis, next 
generation sequencing, RT-PCR (1), (15), (19)

Biophysical 
characterization

Size
AF4-MALS, AFM, cryo-EM, disc 

centrifugation, DLS, ES-DMA, iSE-
UHPLC, TEM

(1), (6), (15), (24), (29), 
(31), (46)

Secondary structure CD spectroscopy (15)

Tertiary structure UV spectroscopy  (30), (45)

3D structure
AFM, cryo-EM, TEM, x-ray 

crystallography
(1), (6), (15), (24), (29)

Surface modification AF4-MALS, ES-DMA (1), (6), (15), (24)

Size distribution AF4-MALS, AFM, ES-DMA (1), (6), (15), (24)

Assembly/ disassembly AFM, NMR (2), (32)

Polydispersity
AUC, AF4-MALS, disc centrifugation, 

DLS, native agarose gel electrophoresis, 
SEC-HPLC, TEM, 

(1), (6), (15), (24)

Isoelectric point CIEF (24)

Concentration UV spectroscopy, ES-DMA (1), (6), (15) 

Sedimentation velocity AUC (15)

Functional 
characterization

Epitope characterization, target binding
Immunoelectron microscopy, IVRP assay, 

sandwich ELISA, solution competitive 
ELISA, SPR, x-ray crystallography

(1), (6), (15), (24), (26), 
(27), (28)

Potency animal based studies, IVRP assay  (27), (28), (45)

Stability studies
Stability, degradation, and/or 

aggregation

AFM, cloud point assay, cryo-EM, DLS, 
DSC, iSE-UHPLC, IVRP assay, MS, native 

agarose gel electrophoresis, RP-HPLC, SPR 

(1), (6), (15), (24), (20), 
(27), (28), (29), (30), 

(31), (32)
 
Abbreviations: AF4-MALS: Asymmetric Flow Field Flow Fractionation–Multi-Angle Light Scattering; AFM: Atomic Force Microscopy; AUC: Analytical Ultracentrifugation; 
CD: Circular Dichroism; CIEF: Capillary Isoelectric Focusing; Cryo-EM: Cryo-Electron Microscopy; DLS: Dynamic Light Scattering; DSC: Differential Scanning Calorimetry; 
ELISA: Enzyme Linked Immunosorbent Assay; ES-DMA: Electrospray-Differential Mobility Analysis; iSE-UHPLC: Interlaced Size Exclusion–Ultra High Performance Liquid 
Chromatography; IVRP: In Vitro Relative Potency; MS: Mass Spectrometry; NMR: Nuclear Magnetic Resonance; RP-HPLC: Reversed Phase-High Performance Liquid 
Chromatography; RT-PCR: Reverse Transcriptase-Polymerase Chain Reaction; SDS-PAGE: Sodium Dodecyl Sulphate- Polyacrylamide Gel Electrophoresis; SEC-HPLC: Size 
Exclusion Chromatography-High Performance Liquid Chromatography; SPR: Surface Plasmon Resonance; TEM: Transmission Electron Microscopy; UV: Ultraviolet.

Table II. Methods for analytical characterization of virus-like particles (VLPs). Technique abbreviations are listed below the table. 
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Thermo Fisher Scientific

Sponsored by

C ell and gene therapies hold great promise for tackling the 
most devastating diseases of our day. But that promise can 
be hard to capture, given how fast these therapies and the 

developments underpinning them are changing. Professionals in the 
cell and gene therapy arenas must navigate numerous challenges, 
including a lack of specific, reliable equipment for these products. 
BioPharm International sat down with Xavier de Mollerat du Jeu, 
Thermo Fisher Scientific’s director of cell and gene therapy, to discuss 
technological innovations addressing biotech’s most pressing needs 
around T-cell manufacturing and viral production.

BIOPHARM: What are the major issues in clinical T-cell manufacturing?

DE MOLLERAT DU JEU: Cell therapy has shown incredible promise, but 
the main issues are around manufacturing those cells, which are very 
different from classic therapeutics like antibodies or small molecules 
to manufacture. Because of the viability of the product and the 
volumes involved, there aren’t clear cell-therapy-specific equipment 
and products to make them. The available technology was essentially 
developed for large-scale antibodies, which can be problematic.

Another issue is that cell therapy is very labor intensive. There’s a lot 
of hands-on work, which can lead to errors and issues. When you’re 
dealing with patients’ cells, you must have zero-failure tolerance.

Last, development and QC testing is a long and expensive process. When 
a patient needs cells to treat dire conditions, they can’t afford to wait.

BIOPHARM: How is Thermo Fisher Scientific addressing these issues?

DE MOLLERAT DU JEU: We’re looking at the cell-therapy market as a 
workflow and identifying gaps or issues in different areas. For example, 
when isolating white blood cells from blood, many processes are done 
in open environments—meaning you’re using a centrifuge and have 
an open cap. All of that makes manufacturing more complicated. 
So, we’re developing much smaller instruments in closed systems. 
While it’s true that to produce commercial volumes, we do a lot of 
development on a large scale, but now we need to go to a smaller size 
and work in smaller volumes. We’re also looking at closed systems 
using bags, tubes, and welding that allow you to contain material 
across the process and avoid those open processes and labor.

Finally, we’re trying to automate the process so that you cannot make 
a mistake around cell counting or adding the right ratios. That brings 
speed and consistency to the process which, of course, reduces costs. 

To assist with these processes, we recently developed the benchtop 
Gibco CTS Rotea Counterflow Centrifugation System, which can be 

Cell and Gene Therapy:  
The Future is Now used for many cell processing steps such as cell 

isolation and cell washing. It is completely closed 
and can be programmed and automated to reduce 
both contamination risks and user variability. The 
CTS Rotea system can deliver an output as small as 
5 mL, which is a clinically relevant output size for cell 
therapy, especially autologous therapies when the 
starting volume might not be very high. 

Cell therapy shouldn’t be the third line of defense 
against cancer. It should be the first line because it’s 
easy to manufacture, affordable, and can be used 
widely to treat cancer. That’s our goal.

BIOPHARM: What are the major issues in viral 
vector manufacturing today?

DE MOLLERAT DU JEU: Viral vector manufacturing 
is all about scale—producing enough viral particles 
to address the needs. Most gene therapies are 
intended to address rare diseases. But once you 
move to a broader disease like hemophilia, many 
more viral particles are needed, which is challenging 
because there is currently not enough capacity 
across the globe to produce them. 

Much effort is being devoted to increasing the 
square footage of available capacity. We’re investing 
in new buildings and capabilities to address these 
needs. Most importantly, we are investing in new 
technologies to develop novel cell lines and media 
that can support high growth and, therefore, make 
bioreactors more productive. If production can be 
improved by 10- to 20-fold, the yield will be much 
higher. By doing all this within the same square 
footage, many more viral particles can be produced.

We’re also working on new technology around 
manufacturing such as continuous-flow purification 
and new, faster QC methods. The goal is letting 
innovation drive production yields of these particles.

BIOPHARM: What is your company working on to 
address these issues?

DE MOLLERAT DU JEU: We recently invested in 
growing our CMO capabilities with new buildings, 
new capacity, and entering new markets for viral 
production services. We’re also developing media 
that can sustain very high growth so that we can grow 
cells at a higher density. Again, a higher cell density 
per bioreactor means higher yields. But if you work 
with high-density cells, transfection can be an issue. 
Therefore, we’re developing a new set of reagents that 
allow high transfection efficiency and higher yields.

In addition, we’re developing new purification 
systems. When you make viral particles like 
lentivirus, for example, there’s a lot of loss during 
purification—you can lose as much as 50%. We 
want to make sure that by developing a system like 
resin, or specifically vinyl LV, along with the way 
you package and process things, you maximize 
lentivirus recovery without the loss.

All these efforts—increased square footage, new cell 
lines, and new purification systems—have the same 
goal: minimize loss, maximize results.

BIOPHARM: What might be the future of cell 
therapy manufacturing?

DE MOLLERAT DU JEU: Right now, we’re using 
patient cells to develop personalized cell therapy, 
but we think the future will be using healthy cell 
donors for multiple doses for patients. It’s a more 
scalable approach than autologous therapy and we 
believe the results of the heterologous model will 
mature and improve in the future. We’re already 
thinking ahead to what we’ll need and what the 
volumes will be as this field develops. In the longer 
term future, we can leverage the capability of stem 
cells. iPS cells, for example, can be grown pretty-
much indefinitely. One day, developers might be 
able to use those cells to target a specific disease 
or dose. So as we’re developing the technology for 
today’s needs, we’re also preparing for how the 
same technology can be taken into tomorrow. 

BIOPHARM: What do you think will be the future 
of gene therapy?

DE MOLLERAT DU JEU: With the results we’ve seen 
so far, gene therapy really addresses the needs of rare 
diseases. Once gene therapy shows an ability to treat 
more common disease like hemophilia, it will be an 
incredible therapeutic modality. Addressing larger 
populations brings with it the need to produce as 
many viral assays as possible, and because there’s not 
enough capacity in the world to address those needs 
yet, innovation will have to drive this.

For example, many methods are transient, which 
can be costly and hard to scale. We believe stable 
cell lines (i.e., those that consistently produce 
viral vectors) are the way of the future. That’s 
what’s being done in the bioprocessing world for 
antibodies, and we think viral will follow the same 
path. Of course, it takes a lot of development and 
effort to develop the cell line, and that’s something 
we’re working on as well.

For research use or further manufacturing. Not for diagnostic use or direct administration into humans or animals.
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ing programs more efficiently through your 
choice of three unique service models, includ-
ing our award-winning Professional Scientific 
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What’s New in Lab Data  
Management Technologies 

New advancements in lab data management technologies include 
devices with a fully integrated SDMS, a cloud-based and an online 

ELN, an ELN featuring a virtual assistant, and updated LIMS software.

LAUREN LAVELLE

P  roper lab data management practices are essential for 
laboratories seeking an organized and effective workflow. 
The following are recent advances in lab information 

management systems (LIMS) and electronic laboratory 
notebooks (ELN) for proper and efficient lab data management. 

LIMS WITH FULLY INTEGRATED SDMS
LabVantage 8.5 from LabVantage Solutions is a LIMS 
solution that includes a fully integrated scientific data 
management system (SDMS) for increased security and 
control over data loss and modification (1). With the ability 
to capture externally generated data, reduce bottlenecks by 
deploying distributed file collectors, and utilize a centralized 
LIMS-controlled file system, database, or Amazon web 
services cloud storage, the SDMS automatically collects 
and protects laboratory data as they are generated for rapid 
availability to staff and researchers. 

Additionally, LabVantage 8.5 features a configuration 
management and transfer feature that simplifies the 
configuration process, allows for changes across teams, and 

transfers configuration changes between LIMS environments 
with an easy export/import process. 

“During these challenging times, we are especially proud 
to release LabVantage 8.5, which represents a major advance 
reflecting our commitment to making the advantages of digital 
transformation fully accessible to our customers,” said John Heiser, 
CEO of LabVantage, in a company press release. “LabVantage 
8.5’s fully integrated SDMS is specifically designed for the 
LabVantage platform and provides major benefits to laboratory 
managers, with the aim of making their operations more efficient, 
productive, and secure. Our user-friendly, all-in-one SDMS offers 
seamless, continuous data integrity. Importantly, it allows managers 
to secure all of their data, not just the final results.”

CLOUD-BASED  
ELN FOR RESEARCHERS
Tulane University launched LabArchives, a cloud-based ELN 
that allows researchers to capture, manage, store, and share 
information and data among each other and outside parties 
(2). The ELN provides options to upload and store text, tables, 
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images, spreadsheets, and attachments, 
while creating notebook templates for 
research groups and providing users with 
constant access to data.

“Our number one research goal 
at Tulane is to bring people together 
with different talent, backgrounds, and 
knowledge to answer the questions 
that cannot be answered by individual 
investigators,” said Dr. Giovanni 
Piedimonte, Tulane’s vice-president for 
research, in a university press release. 

“The digital revolution has provided 
unprecedented tools that allow scientists 
to share data and knowledge in real-
time. Electronic lab notebooks, such as 
LabArchives, provide an excellent example 
of this evolution because they allow you 
to work cross-functionally across multiple 
platforms and devices, making it easier for 
research teams to collaborate and manage 
data,” Piedimonte said.

ONLINE ELN FOR START-UPS
Dotmatics added eln.online, a quick start 
version of its ELN, to its cloud-based 
scientific software solutions portfolio (3). 
The new service is designed to support 
research start-ups as they transition to 
fully functioning enterprises by providing 
a standard template dedicated to 
capturing discovery experiments. It is also 
fully scalable and will work to grow with 
the company without losing data. 

“We’re thrilled to offer this new ELN 
to support start-ups and provide a strong 
technology platform as a springboard to 
expansion,” said Dr. Stephen Gallagher, 
co-founder and CEO, Dotmatics, in 
a company press release. “ELNs are an 
essential part of lab and IT infrastructure 
and so we have worked hard to deliver a 
product that can be set up and established 
quickly and early in a company’s 

development to ensure they are able to 
maximize productivity and safeguard their 
IP [intellectual property] from day one.”

ELN WITH VIRTUAL ASSISTANT
Dotmatics also introduced an ELN 
equipped with LabVoice’s scientific 
virtual assistant, a hands-free voice 
assisted technology (4). The new feature 
will provide scientists with the ability 
to use their voices to request the status 
of instruments, sort samples, capture 
measurements, and adjust experiments 
in real-time. 

The scientific virtual assistant 
within the ELN allows for the 
capturing of data while eliminating 
duplicate transcription and saving time 
by reducing movement between the 
computer and lab bench. Additionally, 
the virtual assistant guides users 
through experimental protocols 
to quicken and simplify tasks while 
ensur ing data can be accessed 
immediately through the ELN.

“We’re delighted to be partnering 
with LabVoice and are inspired by the 
possibilities our customers now have 
in automating data f rom scientists 
in real-time, further complemented 
by our instrument data capture 
offering on behalf of BioBright,” said 
Gallagher in a company press release. 
“By streamlining research workflows, 
scientists will be free to spend more 
time on analysis and decision making 
with the cleanest and best data. We’re 
now looking to identify additional 
client use cases and in the longer-
term hope to integrate LabVoice’s 
technology with a range of Dotmatics 
software to support customers journeys 
towards the lab of the future.”

UPDATED LIMS SOFTWARE
The latest version of Thermo Fisher 
Scientific’s SampleManager LIMS 
software 12.3 features built-in ELN 
capabilities for the streamlining of 
operations in contract laboratories 
and increased dashboard configuration 
for personalized data visualization 

(5). Integrated with the software’s 
existing LIMS, lab execution system, 
and scientific data management system, 
the new ELN feature provides users 
with simplified storage options, along 
with the easy search and retrieval of 
supplementary information. 

The software also has the ability 
to function without specialized 
I T  pe r sonne l  b e c au s e  o f  i t s 
dashboard feature, which allows for 
users to configure the dashboards 
themselves for user or role views of 
key performance indicators for faster 
decision making. 

“Building on more than 30 years of 
laboratory informatics knowledge and 
technology expertise, SampleManager 
LIMS software continues to provide 
rich functionality and put control in 
the hands of users to drive efficiencies, 
connect data, and deliver actionable 
information,” said Dr. Cheryl Moody 
Bartel, head of product management 
for digital science, Thermo Fisher 
Scientific, in a company press release. 
“The new version of the software 
introduces further capability and 
usability enhancements to enable 
manufacturing QA/QC [quality 
assurance/quality control] and contract 
laboratories to improve management 
of their laboratory operations and drive 
further insights from their data.”

REFERENCES
1. LabVantage, “LabVantage Solutions’ 

8.5 Edition Adds Fully Integrated 
Scientific Data Management System 
(SDMS) to its Industry-Leading LIMS 
Platform,” Press Release, July 8, 2020. 

2. Tulane University, “Tulane University 
Launches LabArchives for Researchers,” 
Press Release, Sept. 11, 2020. 

3. Dotmatics, “Dotmatics Introduces 
eln.online to Support Research Start-
Ups,” Press Release, Sept. 9, 2020. 

4. Dotmatics, “Dotmatics Collaborates 
with LabVoice to Enable Voice-
Assisted Laboratory Workflows,” 
Press Release, Oct. 28, 2020.

5. Thermo Fisher Scientific, “New 
Functionality Added to Thermo 
Scientific SampleManager LIMS 
software for Manufacturing QA/
QC and Contract Laboratories,” 
Press Release, Oct. 15, 2020. ◆

Analytics

Proper lab data 
management 
practices are essential 
for effective workflow. 



36     BioPharm International December 2020   www.biopharminternational.com

no
rd

ro
d

en
/S

to
ck

.A
d

o
b

e.
co

m

Using Automated Inline 
Dilution to Ease Bottlenecking

Establishing an automated inline dilution system can potentially 
ease bottlenecking delays resulting from higher upstream yields.

FELIZA MIRASOL

H igher titer yields in upstream processing have neces-
sitated the need for better buffer management in 
downstream processing. A significant innovation 

has been the implementation of automated inline dilution 
systems, which offer a solution for de-bottlenecking the 
demand for greater volumes of buffer as a result of these 
higher titer yields.  

Higher yields necessitate larger buffer volumes down-
stream, making buffers increasingly difficult to manage, 
particularly if they are manually mixed and/or formulated, 
says Chris Rombach, vice-president, Sales and Marketing, 
Asahi Kasei Bioprocess America. Automated inline dilution 
allows for more efficient, quicker, on-demand processing. “If 
a system is sized/designed appropriately, an entire campaign 
of buffers can be made in a matter of hours with little to no 
manual intervention,” Rombach states. 

“The ability to prepare different buffers in quick succes-
sion with the same machine provides an unprecedented 
opportunity to optimize large-scale processes for contract 
manufacturing organizations (CMOs) and traditional bio-
logics operations,” Rombach explains. 

Single-use inline dilution can simplify the process of man-
aging and the delivery of downstream processing buffers for 
chromatography and diafiltration operations, says Timothy 
Korwan, director of New Product Introduction at Avantor. 
Inline dilution of a concentrated chemical on-demand and 
eliminates the need to store large volumes of buffers and other 
downstream products in large storage tanks, which reduces 
capital and operational costs by eliminating the need for these 
tanks, he adds. 

“Inline dilution of buffers can simplify scheduling of pro-
duction runs for different drugs,” adds Pranav Vengsarkar, 
process development manager at Avantor. “Normally, large 
volumes of buffers need to be produced and stored days or 
weeks ahead of time to be ready when a new drug is scheduled 
to be run. This means multiple hold tanks will be needed, and 
all the documentation associated with this prep and storage 
has to be done ahead of time including QC (quality con-
trol) release. Inline dilution greatly reduces this requirement 
through on-demand creation and delivery of buffers,” he says.

“Existing facilities with fixed buffer preparation suites often 
cannot meet the requirements for increased buffer demand, and 
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automated buffer dilution can resolve 
these challenges,” adds Darren Verlenden, 
head of BioProcessing, MilliporeSigma. 

Inline dilution also offers the advan-
tage of a smaller facility footprint because 
it reduces the cost and complexity of 
downstream buffer make-up and deliv-
ery, not only in pilot plants but also in 
clinical trial processing and startup pro-
cessing, notes Jurgen Dijkstra, manager 
of Technical Services & Operations, 
Avantor. “Pilot production systems typi-
cally have smaller footprints and are pro-
ducing smaller titers in their upstream 
stages, although a sizable amount of 
material still needs to be produced. That, 
in turn, means that a corresponding 
amount of buffers need to be prepared for 
a pilot run,” Dijkstra explains.

“Another advantage of automated 
inline buffer dilution systems is that they 
can be designed using single-use technol-
ogy, allowing for one system to be used to 
deliver different buffers. Standard stain-
less-steel buffer delivery systems are often 
dedicated to one buffer or material in 
order to avoid the risk of cross-contam-
ination or inefficiencies associated with 
thoroughly cleaning stainless steel storage 
tanks when changing out the buffers they 
hold,” Dijkstra says. 

“With intensified buffer prepara-
tion, capital expenditure and labor are 
reduced by greater than 50% compared 
to fixed buffer preparation,” chimes 
in Verlenden. “With the automated 
dilution system and configured buffer 
concentrates, the buffers are made just-
in-time for the process they are sup-
plying. Depending on the size of the 
facility and the overall process run rate, 
this can reduce the cost per liter of buf-
fer by up to 16%. Furthermore, with the 
lower labor requirements, highly skilled 
operators can be re-deployed to more 
value-added activities.”  

INTEGRATING 
INLINE DILUTION
Some challenges can cause hesitation 
in implementing an automated inline 
dilution system. For one, the industry 

is already comfortable with tradition-
al-made in-house buffer preparation 
methods, whereas outsourcing buffer 
concentrates and using automated dilu-
tion can be perceived as posing addi-
tional risks, Verlenden observes. “For now, 
we have found that manufacturers are 
most comfortable with centralized buf-
fer preparation with typical quality con-
trol release. Our buffer delivery platform 
(BioContinuum), for example, allows for 
high precision, rapid, and automated buf-
fer preparation that allows for testing and 
release of the buffers prior to use in a pro-
cess. Inline dilution that directly feeds a 
unit operation may be gradually adopted 
as the perceived risk of intensified buffer 
preparation decreases,” he says.

Having a seamless integration into 
operations is also a challenge to imple-
mentation, Rombach adds. “When a cus-
tomer is used to manually making buffers, 
they sometimes don’t know how inline 
dilution should fit operationally, since it’s 
usually their first implementation. Who 
writes recipes and how to manage ‘buf-
fer campaigns’? Do they fill tanks, bags, 
direct to another system like a HPLC 
[high-performance liquid chromatog-
raphy]? What concentrates should they 
use? Does that effect their existing sup-
ply chain? How do we get our operators 
trained on new processes/technology?” 
Rombach explains.

Dijkstra adds that a continuous chal-
lenge with inline dilution is assuring the 
purity of the concentrates being used. 

“The shelf life of the materials needs to be 
properly tested, validated, and ultimately 
managed with good supply chain prac-
tices to ensure that those concentrates are 
unaltered when finally used,” he says. 

INNOVATIONS 
PROVIDE CONTROL
Technology and equipment innovations 
are at the core of making inline dilu-
tion manageable and offer a comfortable 
transition for users more familiar with 
manual manipulation. Verlenden sees two 
components as being particularly import-
ant for making inline dilution technology 

successful. He describes a combination 
of highly accurate volumetric flow dilu-
tion with pre-titrated buffer concentrates. 
This combination provides prescribed 
ready-to-use buffers.

“With our experience in buffer man-
ufacturing and the high precision of the 
buffer dilution system, buffer concen-
trates can be prepared at up to 50x con-
centration at our sites, shipped to the 
end-user facility, and accurately and reli-
ability diluted for use in the bioprocess,” 
Verlenden adds.  

In Korwan’s experience, the introduc-
tion of single-use sensors and technology, 
such as pH and conductivity probes and 
highly accurate single-use flow meters, 
are important in enabling the creation 
of single-use inline dilution systems 
that can correctly and accurately control 
the amount of concentrates and water 
combined to create a buffer mixture that 
meets a biomanufacturer’s specification. 

“Since each downstream process will have 
a unique buffer requirement, controlling 
the dilution factor for the buffer being 
processed, precision is essential. It has 
made it possible for these single-use 
systems to provide a more efficient, less 
time-consuming, and cost-effective way 
to provide buffers to the downstream 
processing,” he states.  

Rombach, meanwhile, points to sev-
eral elements that have significantly 
contributed to inline dilution’s ability to 
resolve debottlenecking issues, includ-
ing low-volume shear blending, gener-
ous pump turndown ratios, and reliable 
analytic sensors. “In addition, instru-
ments and programmable logic control-
lers (PLCs) with rapid refresh rate also 
enable tighter in-spec control of inline 
buffer dilution,” he states.

Further improvements needed 
involve educating the systems integra-
tors, plant operators, and decision makers 
on the benefits of inline buffer dilution, 
Rombach continues. This education is the 
key to making automated inline dilution 
technology mainstream, he stresses. 

Upstream Processing
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Updating Viral Clearance 
for New Biologic Modalities 

Viral clearance processes and guidance 
must evolve along with newer biotherapeutic modalities.

FELIZA MIRASOL

E nsuring viral clearance (i.e., removal) in downstream puri-
fication has become increasingly challenging based upon 
the increasing range of product classes emerging. Because 

viruses are typically smaller than downstream impurities such 
as host cell proteins (HCPs) and other extracellular debris, they 
require meticulous filtration, even in more established processes 
such as monoclonal antibody production. 

However, demonstrating viral clearance is even more diffi-
cult with the newer biotherapeutic modalities being developed 
today such as viral vector-based gene therapies. Many of these 
new and evolving biotherapeutics use viruses or virus-related 
approaches in their manufacturing processes.

CLEARANCE CHALLENGES
The challenge of demonstrating viral clearance in downstream 
bioprocessing depends on multiple factors. For most traditional 
biological products, viral removal is theoretical—in part, because 
infectious virus is not usually present in the production process, 
says James Berrie, PhD, technical director, Lonza. There are 
exceptions, however, such as gene therapies, for which manufac-
turing processes are virus-based (e.g., in viral vector-based pro-

cesses). In these cases, many of the viral removal or inactivation 
technologies that are typically applied to “traditional” biologics 
will not work.

Generally, viral clearance methods for these processes remove 
known impurities, such as DNA and HCP, by using assays that 
were developed and evaluated for a specific cell line, says Berrie. 
Thus, for example, one reduces the HCPs generated by a cell 
line by manipulating the buffers and chromatography chem-
istries to separate the product. In such cases, viruses are absent, 
and their presence would represent a contamination of the pro-
cess, Berrie says.

For traditional downstream processing templates, such as 
monoclonal antibody (mAb) purification, the technologies used 
to ensure virus removal are well established and their effective-
ness has been confirmed by the safety record of the therapeutics 
they were used to manufacture, adds Darren Verlenden, head of 
BioProcessing at MilliporeSigma.

Potential viral separation challenges center around the diver-
sity or variety of potential viral contaminants, he says. First, 
dependent on the production cell line, there may be a number 
of viruses with different physicochemical characteristics to con-
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sider, Verlenden explains. Secondly, the 
quantity of virus or virus-like particles in 
these different cell lines may potentially 
be quite high, he says, requiring multiple 
efficient virus-removal steps to deliver the 
clearance required for safety. 

Finally, there is the issue of parvoviruses, 
which are only slightly bigger than the 
molecules being produced, Verlenden says. 
In addition, parvoviruses are highly resis-
tant to physicochemical treatments, and 
manufacturers typically use filtration to 
remove them.  “Although [these methods] 
are highly effective, the challenge is opti-
mizing the balance between high levels 
of virus retention on the filter and high 
recovery levels for the molecule of interest 
downstream of the filter,” he states.

However, manipulating one process 
technology to remove a specific virus 
may not be appropriate for other virus 
types, Berrie explains.  “In small-scale viral 
clearance studies, these differences are 
addressed by spiking a panel of viruses 
with a range of physicochemical param-
eters to challenge the purification pro-
cess,” he says.  For example, enveloped vs. 
non-enveloped viruses may be used to test  
inactivation technologies, or small vs. large 
viruses such as parvovirus, to test virus-re-
tentive filters. In the latter case, size-based 
separation may be challenged under con-
ditions of interrupted flow during manu-
facturing operations, Berrie states.

PREVENT, DETECT, REMOVE: 
A HOLISTIC APPROACH
As Verlenden points out, product safety 
relies on following the basic tenet of 

“Prevent, Detect, and Remove,” a holistic 
approach that requires:
• Careful selection and pre-treatment of 

raw materials to prevent viruses from 
entering upstream processes

• Testing for the presence of viruses
• I m p l e m e n t i n g  a p p r o p r i a t e 

pu r i f i c a t ion  a nd  f i l t r a t ion 
technologies to remove viruses 
downstream.

“As we look at new technologies for 
improving the efficiency of molecule 
separation, we always evaluate them 

based on their ability to remove a virus,” 
Verlenden says, noting that most down-
stream templates use a combination of 
chromatographic separations, inacti-
vation technologies, and filtration to 
accomplish this.

Despite technology advances, “opti-
mized” may not be the best term to use 
for viral clearance, says Berrie. After 
all, he reasons, how can you say you’ve 
removed something from a process 
when its presence may be unknown, and 
its nature unpredictable?  

In addition, there is great variability 
between viruses. “A process parame-
ter optimized for removing one type 
of virus will not be optimal for all 
virus types. As with any molecule class, 
removal will depend on specific param-
eters (e.g., isolectric point [pI], hydrody-
namic radius, and surface charge, under 
certain process conditions),” he says.

This variability has changed the way 
that many companies are approach-
ing viral clearance. At Lonza, Berrie 
explains, automation is being used in 
virus reduction filtrations (VRFs) to 
improve the assurance that viral clear-
ance claims have been attained. 

This is accomplished by controlling 
liquid flow during a VRF step based 
upon the pressure differential across the 
VRF filter itself, says Berrie. So far, he 
adds, this approach has improved overall 
pressure control and reduced perturba-
tions, compared with processes where 
human intervention is required to control 
flow based upon pressure alarm limits.

In downstream processing, chro-
matographic separations leverage 
interactions through affinity, charge, 
or hydrophobicity, says Verlenden. 
Improvements in chromatographic 
separations designed to maximize 
HCP and impurity removal have 
often resulted in higher levels of viral 
clearance as well, he says, pointing to 
MilliporeSigma’s chromatography resin 
platform, Eshmuno, as an example of a 
product that offers improved separation 
of molecules from impurities, while also 
providing some level of viral clearance.

DETERGENTS AND 
MEMBRANE CLEARANCE
Viral inactivation using low pH or deter-
gents delivers high levels of enveloped 
viral clearance under standard conditions, 
Verlenden says, as exemplified by the 
recent release of standard conditions from 
the American Society for Testing and 
Measurement (ASTM) (1). Although 
environmental concerns will limit the use 
of traditional detergents in the near future, 
Verlenden says, MilliporeSigma is devel-
oping a detergent that minimizes envi-
ronmental impact while providing strong 
viral inactivation levels. 

The virus filter remains the most reli-
able technology for removing viruses 
(both enveloped and non-enveloped 
types) in downstream bioprocessing, 
Verlenden notes. Improvements in his 
company’s Viresolve Pro product enable 
viral clearance effectively in both tradi-
tional biologics manufacturing as well as 
in evolving bioprocesses.  

Ultimately, the effectiveness of VRF 
depends on flow, says Berrie. “If viruses 
are similar in size to the pore size of the 
VRF membrane, the extent to which a 
filter can reduce virus titer depends on 
the flow conditions applied to the VRF. 
Interrupting flow can exacerbate the pas-
sage of small viruses into the product fil-
trate,” he says.

As with most phenomena, however, 
there are always rare exceptions in which 
no breakthrough of small viruses can be 
demonstrated, Berrie continues. Such 
exceptions depend on other conditions, 
such as feedstream pH or conductivity. 

“The vital principle is that the small-scale 
model used for the viral clearance study 
must represent the manufacturing-scale 
operation,” he says, “and ideally it should 
represent a ‘worst case’ scenario compared 
with the large-scale operation,” he says.  

During development, it is important to 
consider the pressure differential applied 
within the design space, Berrie says, based 
upon the concept of small virus passage 
and both upper and lower pressure limits. 
In addition, he notes, the number and 
duration of permitted pressure interrup-
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tions should be defined for a given process 
and built into the strategy for the small-
scale evaluation. In the end, only the virus 
reduction filter itself can be claimed as a 
virus removal filter, because other filters 
in the process are not evaluated for their 
ability to reduce virus titer, Berrie adds.

Process intensification is having an 
impact on downstream virus removal. 

“Many biomanufacturers are moving 
towards more intensified processing par-
adigms, in which the molecule concen-
trations are higher than they are in more 
traditional processes, and there may be 
some connected unit operations,” says 
Verlenden, noting that this trend chal-
lenges suppliers to ensure that filters can 
handle operating at lower flux for lon-
ger periods of time without losing effi-
ciency or their ability to retain viruses. “In 
addition, processing may be temporar-
ily paused during runs, and it is critically 
important that these temporary depres-
surization events do not compromise viral 
safety,” he says.

NEXT-GEN 
BIOPHARMA PROCESSING
Recent innovations, particularly in filter 
membranes and chromatography res-
ins, have further helped to improve viral 
clearance performance. 

“In general, chromatography resins 
are developed for their ability to remove 
actual or known process impurities rather 
than viruses. However, viruses, like other 
impurities, have characteristics such as pI, 
which may be leveraged for the develop-
ment of their removal.  Resin and mem-
brane manufacturers always provide data 
on virus reduction, as this is always antic-
ipated as a consideration in purification 
process development,” says Berrie.

New product innovations and the 
establishment of new operating con-
ditions for legacy products have been 
instrumental to meeting evolving pro-
cessing needs, Verlenden adds. As an 
example, he points to recent studies con-
ducted on MilliporeSigma’s single-use 
chromatography membrane, Natrix Q. 
Results showed that this chromatography 

membrane can work across a broad range 
of operating conditions, offering not only 
efficient removal of impurities but excel-
lence clearance of both enveloped and 
non-enveloped viruses, Verlenden says. 
The product was designed for manu-
facturers who seek to maximize the 
flexibility and efficiencies of single-use 
manufacturing, he adds.  

In terms of traditional viral clearance 
products, Verlenden continues, studies 
have shown that concentrating protein 
solutions using single pass tangential flow 
filtration (SPTFF) before loading them 
onto a resin column, such as Eshmuno Q 
resin column (MilliporeSigma), improves 
the productivity of the chromatography 
operation while maintaining efficient 
viral clearance.

Another area of intense product devel-
opment is in systems that will support 
intensified and continuous in-line viral 
inactivation, Verlenden says. “As we 
look to develop more rapid manufac-
turing processes technologies around 
chromatography intensification, such as 
continuous chromatography, differing 
approaches to scaled-down models are 
required. Developing new scaled-down 
models presents a challenge, especially in 
the context of ever-shortening timelines,” 
adds Berrie. 

However, developers are evolving 
new approaches to viral clearance that 
fit into the shorter development times 
that have become the norm. For instance, 
Lonza has a short timeline offering (of 12 
months) for filing an investigational new 
drug (IND) application, which includes 
a virus-reduction study. Generally, the 
samples for a viral clearance study are 
taken from a manufacturing-scale run, 
which places the data generation late in 
the overall timeline, says Berrie. 

This can require a significant length 
of time for virus assays to be completed, 
and for these assays to be evaluated prior 
to the spiking runs, he explains. However, 
Lonza has come up with new ways to 
meet timeline challenges while delivering 
the required viral clearance within a year. 
These approaches involve, in part, look-

ing at earlier points in the timeline from 
which to begin viral clearance evaluation. 
In addition, pre-study testing efficiencies 
are leveraged from the timeline based 
upon a platform approach. “Multiple effi-
ciencies combine to bring in the data 
to allow customers to meet a relatively 
aggressive timeline,” Berrie says.  

Significant challenges to viral clear-
ance are being encountered with cell and 
gene therapies, however. For instance, 
some specific viral clearance steps may 
not be suitable because the product of 
interest may either be inactivated or 
removed, Berrie clarifies. 

GUIDANCE IS NEEDED
Compounding all these challenges is 
the fact that published regulatory guid-
ances have been based on traditional 
biologics, such as mAbs and related 
Protein A binders, says Berrie, not-
ing a recent BioPhorum Development 
Group (BPDG) survey. Many compa-
nies and biopharma professionals, the 
survey found, would welcome more 
regulatory guidance on what level 
of viral clearance capability must be 
demonstrated in the newer types of 
biological therapeutics, he says. 

More clarity and specific guidance 
on viral clearance considerations is 
expected in a revised viral safety being 
developed by the International Council 
for Harmonization (ICH) as part of 
its Q5A guideline (ICH Q5A), Berrie 
says (2). This is expected within the 
next few years, he adds.

Like developers and other con-
tract development and manufactur-
ing organizatons (CDMOs), Lonza 
must deal with increasing numbers 
of complex protein processes that 
may not lend themselves to a plat-
form-based approach. These pro-
cesses are subject to unknown or 
unpredictable capacity for viral clear-
ance. As a result, the trend today 
is toward shorter viral clearance 
study timelines, performed either  

Downstream Processing

Contin. on page 50
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Getting Scientific About  
Cleaning Validation

The industry is moving beyond cleaning’s “low tech” image to 
embrace science-based limits and statistical approaches to control. 

AGNES SHANLEY

A s pharmaceutical manufacturers continue to learn, the 
simplest of operations can prove to be the most chal-
lenging to understand and control. Cleaning is one 

example. No one would dispute the importance of removing even 
trace levels of product residue from process vessels and equipment, 
but variability continues to affect results and to raise questions. 
How consistently do operators swab? How does visual inspection 
ensure that equipment is truly clean? On a more basic level, how 
should “clean” be defined? The industry is embracing standards 
to address more of these questions and to ensure product and 
patient safety. One sign of progress was the American Society 
for Testing and Materials (ASTM) Standard 3106, published in 
2018 (1), says cleaning validation consultant Mohammad Ovais, 
a member of the team that wrote the standard. “The guide advo-
cates the application of science, quality risk management, and sta-
tistics principles to the validation of cleaning processes. It had a 
major impact on the way we validate cleaning procedures, which 
had traditionally been opinion (not data) based,” Ovais says.

Now, more regulators, especially the European Medicines 
Agency (EMA), have embraced the idea of health-based expo-
sure limits that consider the toxicological impact of materials (2). 

“Manufacturers are now required to set cleaning limits based on 
toxicity data,” Ovais explains. 

Other health-based guidelines have been established by the 
International Society for Pharmaceutical Engineering (ISPE) 
with its Risk-Based Manufacture of Pharma Products (Risk 
MaPP) guidance, and by the Pharmaceutical Inspection 
Co-operation Scheme and the World Health Organization. 
ASTM standard E3263 for the qualification for visual inspection 
has recently been approved (3-7), while the Parenteral Drug 
Association’s (PDA’s) Technical Report on Cleaning Validation is 
also being updated. Ovais shared insights into cleaning validation 
trends with BioPharm International. 

SETTING CLEANING VALIDATION LIMITS
BioPharm: How have bio/pharma cleaning validation practices 
changed over the past decade?

Ovais (ASTM): The most significant changes have been 
seen in setting cleaning validation limits, changing from a 
‘one off ’ to a lifecycle-based mindset, and adopting a more 

Manufacturing

Contin. on page 44
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STERIS LIFE SCIENCES
5960 Heisley Road
Mentor, OH 44060 USA

TELEPHONE
+1.800.444.9009

EMAIL
lifesciences@steris.com

WEBSITE
www.sterislifesciences.com

Major Products/Services
STERIS Life Sciences offers a wide array of 
sterilization, cleaning, and decontamination 
products including:

• Pharmaceutical Detergents
• Surface Disinfectants, Sporicides, and 

Alcohols
• Steam Sterilizers
• Glassware Washers and Dryers
• VHP Sterilization and Biodecontamination 

Equipment and Services
• Pure Steam & Water Systems
• Biological & Chemical Indicators
• Barrier Products and Wrapping Systems.
 
STERIS is committed to partnering with 

you to maintain, certify, and protect your 
investment. Our full portfolio of Service 
offerings including equipment service, 
controlled environment service, and genuine 
OEM parts. 

Markets Served
We are a t rusted resource, bringing 
together multiple technical disciplines and 
decades of hands-on experience serving the 
pharmaceutical, biopharmaceutical, and 
related industries. Our globally-recognized 
professionals understand our Customer’s 
processes, problems, and applications.

Company Description
STERIS Life Sciences is a global provider 
of end-to-end sterilization, cleaning, and 
decontamination products and services to 
the pharmaceutical, biopharmaceutical, and 
related industries.

Our expansive Contamination Control 
portfolio includes formulated disinfectant, 
sporicidal and cleaning chemistries, sterilization 
assurance products, and sterilization wraps, 
pouches, and covers. With both concentrates 
and ready-to-use products, in both sterile and 
non-sterile formats, our portfolio offers superior 
flexibility and reliable performance to meet your 
exacting standards. 

Our equipment offerings—including steam 
sterilizers, washers and dryers, VHP sterilization 
and decontamination systems, and pure steam 
and water systems—are known for ease-of-
use and innovative firsts. The STERIS Life 
Sciences global network of field service resources 
help your operations remain productive and 
efficient, with unmatched skill and the best 
parts and accessories to meet your needs for 
high productivity and maximum uptime. We 
continue to build on our 100-year heritage in 
providing the products and resources you need 
throughout your process. 

Technical Services Team
With unmatched knowledge, the know-
how and tools, our Contamination Control  
Technical Services Group can help you 
optimize your operation.  These experts 
help lead industry standards and guidance 
development, and help you to benchmark 
best practices from real-world experience, 
helping you stay ahead of the curve. 

Facilities
STERIS Corporation’s global headquar-
ters are located in Mentor, OH. We have 
offices and manufacturing facilities located 
worldwide in countries throughout North 
America, Europe, and Asia Pacific. 

STERIS Life Sciences

https://www.sterislifesciences.com


VH-PEACE OF MIND
Add confidence to your routine decontamination 
through our VHP® Integrated Systems.

Simple. Eff ective. Trusted. Vaporized hydrogen peroxide (VHP) integrated 
systems eff ectively and economically decontaminate every surface in a 
facility, room or enclosure with the push of a button, letting you leave with 
peace of mind.

www.sterislifesciences.com/integratedvhp

https://www.sterislifesciences.com/services/integrated-vhp?utm_medium=print&utm_source=print&utm_campaign=vhp%20peace%20of%20mind
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data-driven approach to decision mak-
ing. The industry and regulators have 
moved from historical arbitrary and 
unreliable approaches to more scientific 
approaches of setting cleaning valida-
tion limits. Instead of basing limits on 
1/1000 of dose, 10ppm or LD-50 types 
of approaches, the limits are required to 
be derived from HBEL [health-based 
exposure limit] values. 

The industry has also started looking 
at cleaning validation as a lifecycle con-
cept, influenced primarily by [FDA’s] 
process validation guidance. Historically, 
the industry has relied on subjective 
assessments (e.g., for the selection of 
worst-case products based on phys-
iochemical attributes, such as solubil-
ity, toxicity, and concentration). More 
companies have started to show interest 
in bench-scale studies for cleanability 
assessment and to select worst-case 
products based on objective evidence.

BioPharm: How are health-based 
exposure limits being set?

Ovais (ASTM): A health-based 
exposure limit, also known as permit-
ted daily exposure (PDE) or acceptable 
daily exposure (ADE), is a data-de-
rived ‘dose that is unlikely to cause 
an adverse effect if an individual is 
exposed, by any route, at or below 
this dose every day for a lifetime,’ as 
stated in ASTM E3219. Its deriva-
tion involves determination of a point 
of departure (PoD) and adjusting the 
determined PoD by various ‘uncer-
tainty ’ or ‘adjustment ’ factors that 

consider uncertainties in the pharma-
cological/toxicological data used for 
dose-response assessment (7). 

The PoDs typically used to determine 
HBELs include lowest-observed-(ad-
verse)-effect level (LOAEL or LOEL). 
Some guidelines for deriving HBELs 
(4–7) are summarized in Figure I. The 
guidelines differ in recommendations 
on various adjustment factors to be used 
and how they should be derived. The 
ranges of some of the adjustment factors 
are shown in Table I. 

BioPharm: How should statistics 
be used in cleaning validation?

Ovais (ASTM): Cleaning valida-
tion results are typically evaluated by 
comparing individual (e.g., swab) sam-
ple results to acceptance criteria. A run 
passes if all results are below the crite-
ria. This approach is simple, requires 
no special calculation, and is based on 
simple pass/fail analysis. However, it 
lacks statistical basis and, therefore, 
cannot be used to make decisions 
pertaining to acceptance/rejection of 

cleaning validation results. Statistical 
tools, and more guidance, are needed 
to evaluate cleaning process variability 
(e.g., from location-to-location, prod-
uct-to-product, and run-to-run). 

REFERENCES
1. ASTM, ASTM E3106-18e1, Standard 

Guide for Science-Based and Risk-
Based Cleaning Process Development 
and Validation, ASTM International, 
(West Conshohocken, PA, 2018). 

2. EMA, Guideline on Setting Health-
Based Exposure Limits for Use in 
Risk Identification in the Manufacture 
of Different Medicinal Products 
in Shared Facilities (2014).

3. ASTM, ASTM  E3263-20, Standard 
Practice for Qualification of Visual 
Inspection of Pharmaceutical 
Manufacturing Equipment and Medical 
Devices for Residues, ASTM International 
(West Conshohocken, PA, 2020)

4. A. Walsh, et al., Pharmaceutical 
Engineering 31 (4) 71–83 (2011).

5. ISPE, Risk-Based Manufacture of 
Pharmaceutical Products, Vol. 7, 
(2nd ed.), (Tampa, FL, 2017).

6. ASTM E3219-20, Standard Guide 
for Derivation of Health-Based 
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(West Conshohocken, PA, 2020)

7. E. Sargent, E.Faria, T.Pfister, et al., Regul 
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Figure 1. Equations for derivation of health-based exposure limits (HBELs)
sourced from different guidance documents (4–7).

European Medicines Agency (EMA): PDE = NOAEL × Weight Adjustment
F1 × F2 × F3 × F4 × F5

Sargent et al: ADE = NOAEL × BW
UFC × MF × PK

International Society for Pharmaceutical Engineering (ISPE): ADE = PoD × BW
AFC × MF × PK

ASTM E3219: HBEL = PoD
FT × PK - AF × α

Where ADE = acceptable daily exposure (mg/day); HBEL = health based exposure limit (mg/day); PDE = permitted daily exposure 
(mg/day); BW = body weight (kg); NOAEL = no observed adverse effect level (mg/kg/day); PoD = point of departure (mg/kg/day); 
UFC = composite uncertainty factor; AFC = FT = composite adjustment factor; MF = modifying factor; PK = pharmacokinetic 
adjustments; PK-AF = accumulation factor; α = absorption factor; F1 to F5 = adjustment facators.

Adjustment Sargent et al. ISPE Risk-MaPP EMA ASTM E3219

Inter-species extrapolation 1-12 2-12 2-12 (F1) Data-derived

Inter-individual/intra-species variability 1-10 10 or CSAF 10 (F2) CSAF

Study duration 1-10 3 10 (F3) Data-derived

Severity of effect 1-10 - 1-10 (F4) 1-10

Dose extrapolation (e.g., LOAEL-to-NOAEL) 1-10 3 up to 10 (F5) ≥ 10

Database completeness/Modifying factor 1-10 <1-10 - 1-10

Table I. Recommended adjustment factors for health-based exposure limit (HBEL) derivation in various guidelines (4–7). 
CSAF is chemical specific adjustment factor. ISPE is International Society for Pharmaceutical Engineering; Risk-MaPP is risk-
based manufacture of pharmaceutical products; EMA is European Medicines Agency; ASTM is American Society for Testing 
and Materials; LOAEL is lowest-observed-(adverse)-effect level and NOAEL is no observed effect level. 
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Event Overview
From bioprocess containers to closed fully integrated bioreactor 
systems, Thermo Fisher Scientific and sensor expert Hamilton 
have partnered to improve the technical readiness of process 
analytics when deployed and integrated with single-use 
technologies (SUTs) for bioprocessing. 
The webinar will discuss the immense progress that has been 
achieved in SUT recently. We are excited to show the capabilities 
of the newest in-line, single-use pH and dissolved oxygen sensors 
that improve the measurement and control of bioprocesses while 
reducing the need for excessive operator oversight or the burden 
of process intervention at the same time.
Our presenters will share data of an integrated solution that offers 
the tangible benefits of in-situ, pre-irradiated, pre-calibrated, low 
drift, and long-term dry storage shelf life pH sensors.

Key Learning Objectives
•  Recent trends in single-use pH sensors, how do the 

manufacturers’ sensor specification match the needs of SUT 
applications of mixing, bioreactors, and fermentors 

•  Discover real-world examples of how fully integrated and 
robust SU pH sensors can save time, reduce process risk, and 
improve product quality

•  Participate in a technical review of recent data of up to 2 years 
real-time aged studies of the OneFerm pH sensor when tested 
in 50-L and larger single-use bioreactors (SUBs) 

Who Should Watch
•  Biotech, Pharma, and CDMO companies, as well as SUB and 

SUF users

Advancement in Single-
Use Sensor Technology 
for Mammalian and 
Microbial Bioprocesses

Register for this free webcast at:  
www.biopharminternational.com/bp_p/mammalian

Sponsored by Presented by

For questions email 
mdevia@mjhlifesciences.com

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=2837986&sessionid=1&key=48C10FC6C7E9565D1009526B08D2812E&regTag=&sourcepage=register
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Meeting the Challenges for Scaling 
Up Vaccine Manufacturing Systems
Scaling needs for potential COVID-19 vaccines depend not only on 

capacity, but also on supply chain challenges and technological hurdles.

FELIZA MIRASOL

O ne of the critical hurdles in the path of bringing 
potential COVID-19 vaccines to market is the 
ability to supply the capacity needed to meet global 

demand for the vaccines that receive regulatory approval. 
Quick, reliable, cost-effective, and good manufacturing  
practice (GMP)-compliant manufacturing scale-up from 
clinical level to commercial level is especially important. 
Developing prudent strategies and taking correct action 
can allow vaccine manufacturers to position themselves for  
adequate scale up of COVID-19 vaccine manufacturing 
upon regulatory approval.

TECHNICAL HURDLES
Technical challenges to scaling up vaccine manufacturing 
include having the infrastructure for a rapid ramp-up and 
having the capability to meet temperature-sensitive needs, 
the latter of which is a specific requirement for some of the 
COVID-19 vaccines in development.

“Many of the vaccines have been developed quickly and appear 
to be very temperature sensitive. As such, until data for the 
various manufacturing steps can be obtained, scale up of the 

manufacturing process could be restrained to ensure that manu-
facturing can be completed within time limitations,” notes David 
Powell, vice-president, Business Development, Grand River 
Aseptic Manufacturing.

“As clinical trials are finalized, the ability to rapidly pivot to 
produce new products at commercial scale and ramp up to meet 
production demand will severely test technology infrastructures,” 
says Kari Christensen, business development manager, Life 
Sciences Initiative, Honeywell Process Solutions. Because time 
is of the essence, Christensen further explains, building a new 
facility is not a viable option in this situation. Manufacturers will 
therefore need to secure production facilities that are either cur-
rently idle, can be rapidly repurposed or expanded, or are modular 
and dropped on site.

“In all of these scenarios, the production equipment itself will 
also present challenges. Interruption of availability or very long 
lead times for procuring new process equipment create significant 
integration and validation challenges. By intentionally creating 
an adaptable process control approach, manufacturers are in a 
position to help mitigate the effect this will have on the project 
timeline,” Christensen states. 

Operations
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Event Overview
A key standard that is utilized by many medical devices 
regulations is ISO 10993, “Biological evaluation of medical 
devices,” highlighted by the US FDA, the EU MDR, Chinese 
NMPA and Japanese PMDA, amongst others. This webinar will 
focus on a section that was updated in 2020, “Part 18: Chemical 
characterization of medical device materials within a risk 
management process.” Part of this critical section of the ISO 
guideline addresses methods to ascertain the extractables 
and leachables (E&L) from a medical device to enable the 
estimation and control of biological risks. Guidance on this 
aspect of the analysis has increased dramatically from previous 
revisions. In this webinar, we will discuss the revision and 
workflows to assist you in addressing this type of analysis in 
liquid chromatography–mass spectrometry (LC–MS) analysis, 
addressing both semi and non-volatile organic compounds.

Key Learning Objectives
•  Insight into regulatory revisions applying to E&L testing  

of medical devices
• Overview of the practical application in an E&L workflow
•  Learn about an LC–MS workflow a to simplify adoption of  

this guideline

Who Should Attend
• Medical Device Research Scientists
• Chemical Engineers
• Raw Material Suppliers to Medical Device Industry
• Analytical Scientists

Applying ISO 10993-18 on 
Extractables & Leachables 
Characterization—Supporting the 
Medical Device Regulatory Pathway

Register for this free webcast at:  
www.chromatographyonline.com/lcgc_p/pathway

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=2807473&sessionid=1&key=3DA90DE3EE2DFFFF9AF842191EA60D82&regTag=&sourcepage=register
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Supply chain management will be 
another challenge faced by COVID-19 
vaccine manufacturers. “Supply chain 
management is a challenge when product 
temperature requirements are still being 
established. Two to eight degrees Celsius 
storage is readily available; however, sub-
zero storage capacity is typically limited, 
especially for finished product storage,” 
notes Powell.

RACE AGAINST TIME
Time sensitivity is, in this case, also a 
major issue that vaccine manufactur-
ers face as they race to get a product 
to market amid the current pandemic. 
Because of the time pressure, it is nec-
essary for commercial-scale param-
eters to be developed quickly, notes 
Christensen. “The luxury of time 
is usually afforded during the good 
automated manufacturing practice 
(GAMP) process. This challenge is 
forcing production automation sup-
pliers to become more flexible in their 
solution architecture and break free 
of legacy constraints to support more 
modular manufacturing,” she says.

Automation is an effective tool to sup-
port manufacturers in meeting the indus-
try’s time-sensitive goals.

“By overlaying a preliminary pro-
cess control system during clinical tri-
als, a manufacturer can achieve several 
distinct benefits. First, process automa-
tion parameter development can begin 
at an earlier stage,” Christensen adds. 

“For example, overlaying a preliminary 
supervisory control and data acquisition 
(SCADA) system can streamline data 
harvesting and analysis and potentially 
expedite electronic submittal for final 
regulatory approval. Additionally, data 
stored during this process can be used to 
determine engineering parameters and 
convert the preliminary process control 
to a commercial scale. Most importantly, 
certain SCADA solutions lend them-
selves to being seamlessly evolved into 
a full-scale distributed control system 
(DCS).” Indeed by paralleling the produc-
tion system development with the clinical 

trials, production of promising vaccine 
candidates can commence while final 
agency approval is being sought.

Christensen also explains that, if there 
is legacy equipment that will need to be 
incorporated into a new automation strat-
egy, an orchestration layer can be used 
to integrate the process equipment and 
control systems. “A layer consisting of a 
unit operation controller with embedded 
ISA S88 functionality and a batch human 
machine interface (HMI) can be used to 
directly communicate with a controller or 
IO panel on an equipment skid to achieve 
real-time visibility across the entire pro-
cess, centralized recipe management, and 
batch reporting,” she states.

Furthermore, as demand for a new vac-
cine becomes clearer or changes, having 
adaptable input–output (IO) in place as 
part of the process control system can 
be used to make more nimble pivots to 
production levels, creating a continuously 
flexible control environment going for-
ward. Christensen says Universal IO, for 
example, allows remote and automatic 
changes to IO configuration. This enables 

“late binding,” or late-stage commissioning, 
in addition to quick, easy changes once a 
production automation system is in place. 
Simple software changes make flexible, 
modular manufacturing more attainable.

“By leveraging adaptable and elastic 
control platform features, manufacturers 
are able to meet the flexibility demands 
from design to implementation to 
scale-up needed in this current rapidly 
changing environment,” Christensen says.

In addition, a data center or software-
as-a-service approach would be conducive 
to a virtual, remote engineering design, 
which can be deployed for offline test-
ing and validation to avoid production 
delays as new equipment is ramped up 
or integrated into an existing facility, or if 
production levels or formulations change, 
Christensen asserts.

DEVISING STRATEGY
Developing a strategic scale-up plan 
is important in general but will be 
especially crucial under the current 

restrictions put in place during the 
COVID-19 pandemic. Vaccine makers 
will need to assess their operations and 
capabilities in order to position them-
selves for ready deployment and rapid 
scale-up.

Identifying and qualifying solutions 
for cold chain management in advance 
(e.g., additional proximal third-party 
warehouse space or temporary refriger-
ation or freezer storage) is an important 
part of that strategy, as is stockpiling 
critical single-use consumables and 
qualifying additional vendors of sin-
gle-use technologies ahead of commer-
cialization, notes Powell.

Christensen, meanwhile, suggests 
implementing the following method-
ology: reuse existing operating infra-
structure when possible; leverage only 
seasoned operators to reduce time 
to familiarize themselves with a new 
system; utilize a batch HMI for early 
and ongoing operations; and develop 
a timeline-based visualization, which 
allows for faster understanding and 
insights at the beginning of a new pro-
cess start-up. In addition, cloud-based 
engineering and project integration can 
reduce validation and time to start up; 
pre-developed scenarios for GAMP 
production builds speed up imple-
mentation; and flexible automation 
engineering, such as flexible IO and 
orchestration, can enable flexible and 
modular manufacturing as demand or 
formulation changes are needed.

BIOPHARMA SETS THE STAGE
Biopharma majors have also been 
tackling issues of capacity scale up in 
preparation for COVID-19 vaccine 
launches. GlaxoSmithKline (GSK), 
for instance, which manufactures a 
vaccine adjuvant intended to be used 
with a COVID-19 vaccine, is invest-
ing in expanding manufacturing 
capacity for its adjuvant system. The 
company intends to manufacture one 
billion doses in 2021 to support the 
development of multiple adjuvanted 
COVID-19 vaccine candidates (1). 

Operations



Presenters

Moderator

Fanny Caputo, Ph.D. 
Research Scientist,  

Dept. of Biotechnology and Nanomedicine 
SINTEF Industry

Christoph Johann, Ph.D. 
Global Product Manager 

Wyatt Technology

Laura Bush 
Editorial Director 

LCGC
Sponsored by Presented by

LIV E WEBCAST
Tuesday, December 15, 2020 

11am EST | 8am PST | 4pm GMT | 5pm CET

For questions email 
mdevia@mjhlifesciences.com

Event Overview
Multi-detector asymmetric-flow field-flow fractionation (MD-AF4) 
has been recognized as an invaluable tool for the characterization 
of particle size, polydispersity, drug loading and stability of 
nanopharmaceuticals. The application of robust and high-quality 
standard operating procedures (SOPs) is critical for accurate and 
reliable measurements, especially as these complex drug nano-
formulations are most often inherently polydisperse. 
A unique international collaboration, involving two state-of-the-
art infrastructures in the field of nanomedicine—the European 
Nanomedicine Characterization Laboratory (EUNCL) and the 
National Cancer Institute Nanotechnology Characterisation 
Laboratory (NCI-NCL)—has led to the development of a robust 
SOP for the measurement of physical-chemical properties of 
nanopharmaceuticals by MD-AF4. After a brief overview of MD-AF4 
principles and instrumentation, this webinar will present examples 
of how MD-AF4 quantifies key quality attributes of complex 
nanomedicine formulations such as particle size distributions, shape, 
concentration and stability, using the SOP guidelines. Particular 
focus will be given to the characterisation of liposomal products and 
of lipid-based nanoparticles (LNPs) for RNA delivery. Finally, current 
efforts within ASTM for standardisation of methods based on MD-AF4 
will be presented.

Key Learning Objectives
•  Method optimization of MD-AF4 for liposomes and LNPs for  

RNA delivery
• Method validation according to ISO TS 21362:2018
•  Measurement of particle sizing for batch-to-batch variability 

assessment and particle stability in complex media
• Measurement of particle concentration

Who Should Attend
• Lab scientists interested in MD-AF4 method development 
•  R&D managers seeking new methods for in-depth 

characterization and QC of nanopharmaceuticals
•  Pharmaceutical researchers in need of enhanced methods for 

quantifying quality attributes of liposomal formulations or LNP-
RNA therapeutics

Measuring Physical Properties of 
Liposomes and LNPs for RNA Delivery 
with Multi-Detector Asymmetric-
Flow Field-Flow Fractionation

Register for this free webcast at:  
www.chromatographyonline.com/lcgc_p/_measuring

https://event.on24.com/eventRegistration/EventLobbyServlet?target=reg20.jsp&partnerref=MJHPUB&eventid=2836799&sessionid=1&key=DF6F927D5722D20489B81F48FA244529&regTag=&sourcepage=register
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“On the technology front, integration of artificial intelligence algorithms 
and predictive analytics further enhances the utility and reliability of the 
technology to resolve bottlenecking issues in bioprocessing. Integrating the 
use of automated inline dilution equipment with other processes, such as 
chromatography, will further capitalize on the benefits of this technology,” 
Rombach says. Other improvements needed include having standardized 
concentrates, shifting more toward formulation instead of dilution, and 
“smart” recipe generation (i.e., telling the software what you want to make, 
what concentrates are being used, and push start), he adds.

“One of the biggest improvements would be a continued technology 
investment in innovating these systems by adding additional capabilities to 
increase the portfolio of buffers that can be produced and delivered. This 
includes improving the ability to add variations to the system (such as dif-
ferent streams of buffers being easily mixed in precise proportion to produce 
the final solution) and being able to fine-tune pH and conductivity inline 
factors to make it easier to create variations of buffer mixtures using the 
controls technology,” Vengsarkar says. ◆

Operations

earlier in the timeline or as part of developmental viral clearance  
evaluations, Berrie says.

Where the choice of viral clearance approach for mAbs is clear 
cut and well understood, says Verlenden, even in this area, challenges 
are becoming visible as modalities get more complex. “The industry 
has a way to go in developing a range of viral clearance products that 
enable efficient separation of more complex mAbs, such as bispecific or 
Fc-fusion proteins,” he says. 

Another challenge will be developing viral clearance approaches that 
synch with continuous manufacturing. Technology developers are actively 
focused on coming up with systems that will enable all unit operations, 
including low pH viral inactivation, to run continuously, he says.

In the end, the greatest challenge for manufacturers, CDMOs, and 
vendors alike is the sheer diversity of biopharmaceuticals being devel-
oped throughout the world today. It’s “awe-inspiring,” Berrie says. For 
viral clearance technology, the difficulties ahead will lie in areas such as 
viral gene therapies, in which viruses are not only the products but must 
also be separated from helper viruses or potentially adventitious contam-
inants, in order to assure product and patient safety, he adds. 

As more of these new therapies are scaled up, technology vendors 
continue to  fine tune downstream filtration and separation technologies. 
Among these crucial areas is viral clearance. Equipment and methods are 
changing to help biomanufacturers meet their goals in both traditional 
an new therapeutic areas.

REFERENCES
1. ASTM, “Proposed Standard for Inactivation of Enveloped 

Viruses Being Developed by ASTM Pharmaceutical 
Committee,” Press Release, March 4, 2013.

2. ICH, Q5A Quality of Biotechnological Products: Viral 
Safety Evaluation of Biotechnology Products Derived from 
Cell Lines of Human or Animal Origin (1999). ◆

Downstream Processing — Contin. from page 40 

Upstream Processing — Contin. from page 37 GSK’s adjuvant technology was demonstrated 
in the last flu pandemic to reduce the amount 
of vaccine protein required per dose. Reducing 
the amount of vaccine required per dose allows 
more vaccine doses to be produced, the company 
has noted. An adjuvant can also enhance immune 
response and has been shown “to create a stronger 
and longer-lasting immunity against infections” (1).

GSK’s adjuvant system will be manufactured, filled, 
and finished at sites in the United Kingdom, the 
United States, Canada, and Europe, the company has 
reported. The company is also in discussions with 
governments and global institutions to secure fund-
ing for production and supply of the adjuvant.

Pfizer, meanwhile, had begun taking pre-emp-
tive steps in May 2020 to scale up its manu-
facturing operations to ensure it could supply a 
COVID-19 vaccine when the time comes. The 
steps the company took included: exchanging 
technology for rapid facility, equipment, and pro-
cess design planning; ordering materials, which 
allowed the company at that time to begin the 
manufacture of potential vaccine candidates; 
establishing two parallel supply chains for redun-
dancy; modifying facilities and re-prioritizing 
capacity for COVID vaccine manufacture; recruit-
ing and training staff for operations support and 
flexibility; and investing at risk (i.e., with potential 
for financial loss) for quick production of many 
doses when vaccine is available (2). 

Pfizer, in conjunction with BioNTech, is cur-
rently set to supply the European Union with 
200 million doses of its mRNA vaccine candidate, 
BNT162b2, after reaching an agreement with the 
European Commission in mid-November 2020 
(3). This agreement followed Pfizer’s announce-
ment that BNT162b2 showed promising results 
in a Phase III clinical study, in which the vaccine 
demonstrated an efficacy rate above 90% at seven 
days after a second required dose (4). 

REFERENCES
1. GlaxoSmithKline, “GSK Announces Intention to 

Produce 1 Billion Doses of Pandemic Vaccine Adjuvant 
in 2021 to Support Multiple COVID-19 Vaccine 
Collaborations,” Press Release, May 28, 2020.

2. Pfizer, “Scaling Up to Manufacture and Supply a Covid-
19 Vaccine, If Approved,” Press Release, May 5, 2020.

3. Pfizer, “Pfizer and BioNTech Reach an Agreement 
to Supply the EU with 200 Million Doses of Their 
Bnt162b2 mRNA-based Vaccine Candidate Against 
Sars-Cov-2,” Press Release, Nov. 11, 2020.

4. Pfizer, “Pfizer and BioNTtech Announce 
Vaccine Candidate Against Covid-19 Achieved 
Success in First Interim Analysis from Phase 
3 Study,” Press Release, Nov. 9, 2020. ◆
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enable Bioprocess 4.0 smart manufacturing, 
there’s advanced analytical tools including 
BioPAT® Spectro, for Raman spectroscopy with 
Ambr® and Biostat STR® platforms coupled with 
SIMCA® and MODDE® data analytics software. 

With the recent acquisition of purification 
technology from Danaher, we have expanded 
our downstream portfolio, too. We now 
provide reusable and single-use BioSMB 
multi-column chromatography systems and 
Cadence™ Single-Pass Tangential Flow filtration 
modules, enabling intensified or high efficiency 
downstream filtration and purification of 
biologics and proteins. Combining all these 
powerful tools in an end-to-end process makes 
it simpler for scientists to discover and develop 
drugs more rapidly, as well as safely speed-up 
their biopharmaceutical manufacturing.  

We understand that technology is only part 
of the solution for creating quality biologics, 
so we underpin ours with technical expertise 
and consultative support, giving researchers 
insights and deeper understanding of the 
science that matters. We continually innovate 
in collaboration with industrial partners to 
optimize tools, operations, and processes for 
increasing productivity. This approach means 
we deliver real-world solutions to accelerate 
drug discovery, translational research, and 
time to clinic, making a significant impact on 
both affordability and accessibility of global 
healthcare. 

Don’t just take our word for it. To see 
our innovations in action, take a look in any 
leading global biopharmaceutical company 
and CDMO. You’ll see our technology there, 
working hand in hand with the world’s brightest 
scientists, simplifying progress to develop and 
deliver medicines where and when they are 
needed most. 

To find out how Sartorius can help you 
with simplifying progress, go to www.
sartorius.com.

Sartorius–Simplifying Progress 
Never has there been a more critical time to 
be a company delivering technologies and 
expertise that helps get new biologics and 
vaccines to patients faster. At Sartorius, we 
are that company. 

Working in partnership with scientists, 
we help turn research discoveries into real-
world medicines. Our bioprocessing equip-
ment and know-how are called on every 
day to create biologics that treat debilitating 
diseases including cancer and arthritis and 
make affordable vaccines to prevent com-
mon infections. When they need assistance 
accelerating production of new vaccines 
for pandemic viruses such as Ebola, H1N1 
and SARS-CoV-2, global organizations 
including the Jenner Institute and CanSino 
Biologics turn to us. 

Sartorius is the partner of choice in 
bioprocessing because we offer innovative, 
groundbreaking solutions that life scientists 
demand. In upstream processing, our 
Ambr® multi-para l lel, mini bioreactor 
systems allow rapid cell line selection and 
cell culture process development. With our 
Biostat® STR and Biostat® RM single-use 
bioreactors, scientists can achieve state-of-
the-art seed train expansion and seamless 
scale-up for intensified processing. And to 

Sartorius

https://www.sartorius.com/en
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each shift to make it easier for sec-
ond- and third-shift employees to 
receive the training. 

Additionally, virtual training 
can be enhanced by taking advan-
tage of online training and confer-
ence options offered by external 
organizations. Many external orga-
nizations have converted their 
conferences and training topics to 
virtual offerings covering a wide 
variety of topics. Some of these 
venues are free, and some require a 
registration fee. 

SUPPLY CHAIN QUALITY
Enhanced communication with 
suppliers to ensure an uninter-
rupted supply chain has also 

become a priority during the pan-
demic. Many companies are review-
ing and enhancing their quality 
agreements. This is a positive 
change for the industry as a whole. 

The quality agreement should be 
a living document that is reviewed 
and revised as often as needed to 
clarify the responsibilities of the 
client and the supplier and define 
how the two parties will commu-
nicate with each other. The agree-
ment should clearly identify the 
roles and responsibilities needed for 
a successful partnership. Defining 
the quality relationship between a 
supplier and a client is complex and 
requires extensive discussion and 
attention to detail. The relation-
ship should be open, and commu-
nication between the two parties 
should be as frequent as required 

to assure that the product being 
manufactured meets the highest 
quality standards for the client and 
for the patients. Bottom line is that 
quality agreements are important 
documents that have become front 
and centre for ensuring the supply 
chain during the pandemic. This is 
a welcome change that should carry 
forward in the future. 

There are many changes that 
have the potential to become per-
manent procedures/operating prin-
ciples even after the pandemic is 
under control. Three that should 
become permanent in the future 
are the use of virtual audits, the 
implementation and utilizations of 
virtual training, and more robust 
quality agreements that enhance 
communications between the cli-
ent and the supplier. ◆
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Technology Highlights
Catalent Biologics is a global leader in bio-
pharmaceutical development, with sites across 
Europe and North America, offering over 20 
years of proven expertise in development and 
manufacturing, as well as fill/finish, packag-
ing, and analytical services for new biological 
entities, cell and gene therapies, biosimilars, 
sterile injectables, and antibody-drug conjugates. 
Expert services and technologies include:

• Catalent Cell & Gene Therapy is a full-
service partner for adeno-associated virus 
(AAV) and lentiviral vectors, and CAR-T 
immunotherapies, as well as autologous 
and allogeneic cell therapy development 
and manufacturing. Catalent Cell & 
Gene Therapy has produced more than 
100 cGMP batches across more than 70 
clinical and commercial programs.

• GPEx® Boost technology for advanced 
cell line development, enabling proven, 
scalable product development and manu-
facturing. Offering stable, high-yielding 
mammalian cell lines with high speed 
and efficiency, there are 13 commercial 
biopharmaceuticals that have been devel-
oped using GPEx technology.

• Proprietary SMARTag® site-specif ic 
bioconjugation technology, affording 
precision design of next-generation anti-
body-drug conjugates.

Catalent Biologics’ OneBio® Suite offers 
an integrated solution for the development, 
manufacturing, and clinical supply of bio-
logic drugs and was designed specifically 
to accelerate programs to clinic or market 
and simplify the development process. As 
a single, integrated provider, OneBio Suite 
can reduce timelines, risk, and complexity, 
and draws upon Catalent’s proven track 
record of progressing biologic drugs to mar-
ket, which includes over 35 commercially-
approved products.

More products. Better treatments. Reliably 
supplied.™

Company Description
Catalent is the leading global provider of 
advanced delivery technologies, development, 
and manufacturing solutions for drugs, bio-
logics, cell and gene therapies, and consumer 
health products. With over 85 years serv-
ing the industry, Catalent has the proven 
expertise, superior technologies, and flexible 
solutions at the right  scale to help ensure 
successful product development, launch, tech 
transfer, and reliable global supply. 

Catalent has built this expertise with part-
ners of all sizes, from the smallest innova-
tors to the largest of pharmaceutical leaders, 
advancing thousands of molecules through 
development towards commercial supply.

Providing both specific, tailored program 
support and comprehensive, integrated solu-
tions, Catalent reduces its partners’ risks on a 
variety of programs, including orphan drugs, 
accelerated and breakthrough treatments, 
vaccines, next-generation cell and gene thera-
pies, and rare diseases.

Its team of approximately 14,000, at 45+ 
global sites, manages over 1,100 active devel-
opment programs and supports more than 
180 product launches annually. Every year, 
Catalent produces more than 72 billion doses 
of over 7,000 products for more than 1,000 
customers, equating to 1 in 20 doses taken by 
patients globally. 

Catalent

https://www.catalent.com
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Virtual audits, virtual training, and more robust  
quality agreements may become positive impacts  
on the industry, says Susan J. Schniepp, distinguished 
fellow at Regulatory Compliance Associates.

Q: Companies have made a lot of opera-
tional changes to accommodate working 

through the pandemic. What changes do you 
think will become permanent as a result of the 
pandemic?

A: There are a number of operational 
changes that companies have made to 

accommodate working through the pandemic. 
Many of the changes were implemented out 
of necessity, and some of these changes have 
the potential to become permanent and nor-
mal operating procedures in the future. Patients 
still need life-saving medicines and companies 
need to find ways to continue manufacturing 
safe, effective, and compliant products for these 
patients despite the challenges presented by the 
pandemic. Conducting virtual audits, conducting 
effective virtual training, and enhancing com-
munications with suppliers to ensure an unin-
terrupted supply chain are among the changes 
implemented to maintain operations, stay com-
pliant, and continue manufacturing medically 
necessary products. Each one of these changes 
have positive and negative aspects that need to 
be evaluated and debated to determine if they are 
as effective as the previous processes.

VIRTUAL AUDITS
Moving to virtual audits was one of the first 
changes that was implemented by companies 
and regulatory authorities. The necessity for vir-
tual audits was to allow companies and regu-
lators to continue to evaluate the compliance 
stature of manufacturers while respecting stay-
at-home and social distancing requirements 
that prevented in-person site audits. 

There are many advantages of performing 
virtual audits and the key to making a virtual 
audit successful is preparation and communica-
tion. Informational (organizational charts, stan-
dard operating procedures, quality manual, etc.) 
requests should be made prior to the audit, and 
the requested documents should be reviewed 
before the commencement of the audit. 

Companies can save time and reduce travel 
expenditures because people will be review-
ing documents from home offices. The docu-
mentation required for in-person audits will 
be the same as virtual audits, but rather than 
making copies for the auditor, the documents  
can be turned into a PDF file and be sent 
through a secure system to the requester. 
Questions regarding the documentation can 
be addressed through a number of virtual plat-
forms as long as the platform chosen is accept-
able to both parties. 

Performing a tour of the facility poses 
unique challenges, and possible solutions need 
to be vetted between the two parties to deter-
mine the most efficient and secure way to 
share this information. The bottom line is that 
virtual audits have the potential to be as effec-
tive as in-person audits and perhaps may be 
more time efficient and cost effective.

VIRTUAL TRAINING
The same principles applied to conducting 
virtual audits can also be applied to training. 
On-line training programs have been used to 
train remote employees for years. There are a 
number of technological platforms that can 
be used to deliver virtual training programs 
to employees. These platforms allow training 
material to be pre-recorded and comprehen-
sion questions that must be answered correctly 
in order to continue with the training can be 
inserted. Remote training allows the employee to  
complete the training as their schedule allows.

Another approach is to deliver the training as 
a webinar using a multiple-person meeting appli-
cation. You can prepare and distribute the infor-
mation you will cover in the training, schedule 
a meeting time, deliver the training, and take 
questions from the employees during the webi-
nar. If you have multiple manufacturing shifts, 
you can schedule a training session during  
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Impact of Pandemic on Permanent Procedures
Susan J. Schniepp  

is distinguished  
fellow at Regulatory 

Compliance Associates.

Contin. on page 52



Advancing the race 
for a COVID-19 Vaccine
Faster vaccine research & production
Our experience and solution portfolio can help customers at all 
stages of vaccine development, from discovery and testing to large 
scale manufacturing against the novel SARS-CoV-2 outbreak.

  Learn More. www.sartorius.com/covid19
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DEVELOPING GENE THERAPIES IS SCIENCE. 
ORCHESTRATING COMMERCIAL MANUFACTURING IS ART. 
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Successful gene therapies are built on innovative genetic science, advanced viral vector 
technology, and the art of orchestrating successful process and manufacturing scale-up. 

Catalent’s development expertise across multiple gene therapy modalities, proven clinical through 
commercial scale-up capabilities and a licensed commercial facility help turn your science into 
approved treatments. 

raw material supply | scalable aav processes | dedicated capacity | licensed commercial facility

WHERE SCIENCE 
MEETS ART.™ 
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