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Theory 1:
Introduction into eukaryotic DS manufacturing process
Virus Filters in biopharmaceutical manufacturing
Dr. Sebastian Teitz, Product Manager & Scientific Coordinator, Asahi Kasei Bioprocess Europe, 
s.teitz@akbio.eu, www.ak-bio.com



The presentation slides were prepared by the speaker in his
personal capacity.
The opinions expressed are the author's own and do not
necessary reflect the view of Asahi Kasei Bioprocess.
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Introduction

Eukaryotic Drug Manufacturing - USP

Modified from: http://www.sec.gov/Archives/edgar/data/732485/000110465910030452/g959514bci013.gif
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Introduction

Eukaryotic Drug Manufacturing - DSP
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Modified from Marx, Nature Biotechnology Vol14, 1996

Image: RetrovirusImage: Parvovirus B19Image: MVM Virus Image: Pseudorabies virus

Eukaryotic Drug Manufacturing  - The Challenge

Introduction
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 Infectious agent 

 Host (animals, plants, bacteria…)

 Enveloped & non-envelopped

 RNA & DNA

 Variety of shapes and sizes

 virus removal steps contributing  

“significant” clearance
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Introduction



 The viral safety of bio-therapeutic products is required by regulatory 
agents worldwide. 

 Viral inactivation/ removal method is necessary in production process. 

 “It is desirable to investigate the contribution of more than one 
production step for virus reduction and at least two orthogonal steps 
should be assessed”*

 * EMEA/ CHMP/ BWP/ 398498, 2005 

Introduction
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 Virus removal: 
Virus removal filtration: Hollow fiber, flat sheet
Chromatography: AEX, CEX, affinity
Precipitation: Ethanol, polyethylene glycol

 Virus inactivation:
Heat treatment: Dry-heat, pasteurization
Solvent/Detergent (SD): TNBP/ Triton X-100 
Low pH: ~ pH 4
Chemical treatment: Caprylic acid
Irradiation: UV-C, gamma 

Introduction
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Why Virus Removal Filtration ? 

 “Simple” mechanism based on size exclusion 

 Reproducible and reliable

 Not affected by the nature of virus or product

 No impact on chemical characteristics of the product solution

 Not requiring any stabilizers or other chemical agents

 Robust and consistent

Introduction
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 Planova 35N was first on the market in 1989: removal of retrovirus

 Since early 2000, several other nanofilters on the market

 2 categories: “big virus” retentive filters, “small virus” retentive filters

 They differ from the material of the membrane (cellulose, PVDF, PS, PES) 

and by the design of the membrane (hollow fiber, flat sheet)

 4 suppliers: Asahi Kasei Bioprocess, Merck, Pall, Sartorius 

Virus Filters in 
Biopharmaceutical Manufacturing
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 Today, parvovirus removal filter is “the state of the art”!

 ≥ 4.0 log removal of parvovirus

 2 families of parvovirus removal filters (~ 20 nm pore size)

Virus Filters in 
Biopharmaceutical Manufacturing

Flux (L/h/m²)

tt = ?

Easy protein solution

Flux (L/h/m²)

tt = ?

Difficult protein solution High Flux Filter

High Capacity Filter
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Virus Filters in 
Biopharmaceutical Manufacturing

High Flux Nanofilter High Capacity Nanofilter

Brand
VPro (Merck)

Virosart CPV & HF (Sartorius), 
Pegasus Prime (Pall)

Virosart HC (Sartorius), 
Pegasus SV4 & DV20 (Pall), 

Planova 20N & BioEX (Asahi)

Prefiltration Special or adsorptive prefilters Not or simple 0.2 or 0.1µm

Filtration time Short Average to long

Price per m2 High to very high Low to moderate 

Low concentration or “easy” 
protein solution

Cost effective 
(very high average flux)

Cheaper if longer filtration time
(no/small flux decay)

High concentration or 
“difficult” protein solution Difficult, high flux decay Moderate flux and flux decay
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Virus Filters in 
Biopharmaceutical Manufacturing

From supplier’s websites:

VPro Virosart HF Pegasus Prime Planova BioEX
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Virus Filters in 
Biopharmaceutical Manufacturing

Capture
Protein A Low pH

<Polishing >
HIC
CEX 
AEX

UF/DF Bulk

<Intermediate
Purification>

CEX
AEX

Virus 
filtration

Virus 
filtration

Virus 
filtration

Low purity High Purity

Protein concentration

Filtration surface area

25



Example of a Filtration Scheme at Production Scale (simplified!)

Feed

Filtrate

Prefilter
20 nm 20 nm 20 nm 20 nm

valve

valve

flow

Rinse

pump

Modified from Dr. Dichtelmüller, Planova Workshop Rome, Nov 2013

Virus Filters in 
Biopharmaceutical Manufacturing
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Example of a Filtration Scheme at Production Scale (simplified!)

Modified from Dr. Dichtelmüller, Planova Workshop Rome, Nov 2013

Virus Filters in 
Biopharmaceutical Manufacturing
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Automatic virus filtration systems (single use flow paths)

Virus Filters in 
Biopharmaceutical Manufacturing
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Everything starts from reliable lab scale studies 

Virus Filters in 
Biopharmaceutical Manufacturing

29



30

Questions ?



Theory 1:
Sources of virus load, Reason/necessity for virus removal from 
DS, Brief overview of guidelines, Methods for virus removal

Andy Bailey, CEO, ViruSure GmbH, andy_bailey@virusure.com, www.virusure.com
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Questions ?



Hands-on 1: Set-up and Handling of Filters
Set-up in lab-scale: hands-on, Display of production scale filters, 
Integrity tests: hands-on, Demo of integrity test automation
Dr. Sebastian Teitz, Product Manager & Scientific Coordinator, Asahi Kasei Bioprocess Europe, 
s.teitz@akbio.eu, www.ak-bio.com
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Set-Up in Lab-Scale

« Same » set-up at manufacturing scale
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Set-Up in Lab-Scale

From the Article “Artifacts of Virus Filter Validation” published 
in Bioprocess International
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Filtration & Integrity Tests (IT) Procedures

1 - Pre-use IT

2 - Assembly and Setting of pressure or pump flow rate

3 - Pre-washing with water and/or buffer solution
To remove substances leached out from the membrane and to saturate the inside of the 
filter with washing solution (to remove air).

4 - Filtration of the protein solution

5 - Post-washing
To improve the recovery rate by pushing out the proteins remaining in the piping or the 
filter after the filtration process by using the pre-washing solution.

6 - Post-use IT
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Filtration & Integrity Tests (IT) Procedures

 Why:
Free from pinholes?
Other gross membrane damages?

 How:

 Visual/manual:
Investigation if air bubbling (Planova) or gas flow (other nanofilters)

 Automated: air diffusion measurement
o Planova Leak Tester (Planova only)
o Palltronic, Sartocheck or Integritest

Membrane

Bubble

Bubble

Pinhole (gas bubbles)

Pores

Diffusion of air

Water

1 - Pre-use IT:
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Filtration & Integrity Tests (IT) Procedures

Compressed air or N2 

Pinhole

Important: The filtrate side of the filter must be filled with water 

Planova N:           P = 98 kPa
Planova BioEX: P = 343 kPa

1 - Pre-use IT:
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Filtration & Integrity Tests (IT) Procedures

 15 µm pinhole

 1 bar 

1 - Pre-use IT:
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Filtration & Integrity Tests (IT) Procedures

2 - Assembly and Setting of pressure or pump flow rate
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Filtration & Integrity Tests (IT) Procedures

3 - Pre-washing with water and/or buffer solution - Preparation
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Filtration & Integrity Tests (IT) Procedures

3 - Pre-washing with water and/or buffer solution - Preparation
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Filtration & Integrity Tests (IT) Procedures

3 - Pre-washing with water and/or buffer solution
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Filtration & Integrity Tests (IT) Procedures

3 - Pre-washing with water and/or buffer solution
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Filtration & Integrity Tests (IT) Procedures

4 - Filtration of the protein solution
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Filtration & Integrity Tests (IT) Procedures

5 - Post-washing



47

Filtration & Integrity Tests (IT) Procedures

6 - Post-use IT:
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Filtration & Integrity Tests (IT) Procedures

 Why:
Free from pinholes?
Other gross membrane damages?

 How:

 Visual/manual:
Investigation if air bubbling (Planova) or gas flow (other nanofilters)

 Automated: air diffusion measurement
o Planova Leak Tester (Planova only)
o Palltronic, Sartocheck or Integritest

Membrane

Bubble

Bubble

Pinhole (gas bubbles)

Pores

Diffusion of air

Water

6 - Post-use IT:
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Filtration & Integrity Tests (IT) Procedures

6 - Post-use IT:
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Filtration & Integrity Tests (IT) Procedures

Compressed air or N2 

Pinhole

Important: The filtrate side of the filter must be filled with water 

Planova N:           P = 98 kPa
Planova BioEX: P = 343 kPa

6 - Post-use IT: Leakage Test
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Filtration & Integrity Tests (IT) Procedures

6 - Post-use IT: Air Diffusion Rate (ADR)
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Filtration & Integrity Tests (IT) Procedures

6 - Post-use IT: Gold Particle Test
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Filtration & Integrity Tests (IT) Procedures

6 - Post-use IT: Gold Particle Test
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Filtration & Integrity Tests (IT) Procedures

6 - Post-use IT: Gold Particle Test

Automatic AGP Test 
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Questions ?
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