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Virus filtration is a single-use, size-based separation process in which the contaminating virus particles are retained
while the therapeutic molecules pass through the membrane pores. Virus filtration is routinely used as part of the
overall virus clearance strategy. Compromised performance of virus filters due to membrane fouling, low
throughput and reduced viral clearance, is of considerable industrial significance and is frequently a major

challenge.

process development virus filtration

| 1. Introduction

A virus filtration step is frequently included to provide a robust size-based clearance of both enveloped and non-
enveloped viruses during the manufacture of mammalian cell-derived biotherapeutics, such as monoclonal
antibodies (mAbs) and Fc-fusion proteins L2 Before approval of new therapeutics, regulatory agencies such as
the US Food and Drug Administration (FDA) require validation of adequate virus clearance Bl. Consequently, unit
operations are added to the purification train to ensure high levels of virus clearance &. Virus filtration uses large
pore size ultrafiltration membranes to retain any contaminating virus particles while recovering the virus-free
product in the permeate. Unlike conventional ultrafiltration operations, the performance criteria for virus filters are
far stricter 2. Typically, around 95% product recovery is required while maintaining at least 1000 fold (3 log
reduction) virus clearance 2,

Table 1 lists a range of mammalian cell-derived biotherapeutics that have been approved by the Food and Drug
Administration (FDA) over the last three decades. The monoclonal antibody industry sector grossed over USD 154
billion in 2020 EIZl, Mammalian cells used for expression of recent FDA-approved monoclonal antibodies include

Chinese Hamster Ovary (CHO) cells and murine myeloma cells (Sp2/0, NS0), among others (€8],

Drug Classification Examples First Approval by FDA Manufacturer
Monoclonal antibodies Pembrolizumab 2014 Merck
Nivolumab 2014 Bristol Myers Squibb
Aducanumab 2021 Biogen
Avelumab 2017 EMD Serono
Omalizumab 2003 Genentech

https://encyclopedia.pub/entry/22199 1/9



Downstream Processing of Virus Filter | Encyclopedia.pub

Drug Classification Examples First Approval by FDA Manufacturer
Adalimumab 2002 Abbvie
Tezepelumab-ekko 2021 Amgen/AstraZeneca
Abatacept 2021 Bristol Myers Squibb
Aflibercept 2011 Regeneron
Fc-fusion proteins Alefacept 2003 Biogen
Etanercept 1998 Amgen
Rilonacept 2008 Regeneron
Darbepoetin alfa 2011 Amgen
Cytokines Interferon beta-la 2003 Biogen
Epoetin alfa 2011 Amgen
Agalsidase beta 2003 Genzyme
Human DNase 1993 Genentech
Enzymes
Laronidase 2003 Biomarin
Tenecteplase 2000 Genentech
Choriogonadotropin alfa 2000 EMD Serono
Follitropin alfa 2004 EMD Serono
Hormones
Osteogenic protein-1 2001 Stryker Biotech
Thyrotropin alfa 1998 Genzyme

Table 1. Examples of approved Chinese Hamster Ovary (CHO) cell-derived biotherapeutics. Non-exhaustive list

compiled from publicly available resources (https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?

event=BasicSearch.process), US Food and Drug Administration, (last accessed 10 January 2022), European

Medicines Agency £,

Virus filtration is different from typical pressure-driven membrane filtration processes, as the filter is designed to
obtain very high levels of removal of potential virus contaminants. Further, as it is impractical to validate that there
is zero carryover of any trapped virus particles, reuse of the virus filter is impossible. Consequently, these are
single-use devices. Virus filters are typically run in normal flow (dead end) mode, rather than tangential flow mode

used for protein ultrafiltration, since normal flow is less complex and requires only a single pump.

| 2. Downstream Processing
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2.1. Platform Processes

Biopharmaceutical manufacturing processes can be divided into two main processing trains: upstream cell culture
operations and downstream purification processes. Various bioreactor configurations are used to produce the cells
that express the product of interest (mAbs, enzymes, Fc-fusion proteins, or hormones). Removing particulate
matter such as cells and cell debris occurs at the interface between upstream and downstream unit operations.

These bioreactor clarification operations are sometimes referred to as midstream processes L1914,

Figure 1 is a typical ‘platform’ process for the downstream purification of monoclonal antibodies. The first unit
operation is typically an affinity chromatography capture step using protein A (resin-based chromatography) 22,
Affinity interaction is a specific interaction based on both the topological fit and a combination of electrostatic,
hydrophobic, and hydrogen-bonding interactions 3. Antibody elution from the protein A column is performed at low

pH, making it very convenient to include a low pH hold for virus inactivation.

pH
Protein A adjustment| ——s| Chromatography Chromatography
column vessel polishing step 1 polishing step 2
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Bulk drug e Uitraﬁl:lr::.ution.‘ - Virus filt Y, 0.2 micron
<— substance "_O . Diafilfration |~ debln filter

Figure 1. Downstream purification of mammalian cell-derived biotherapeutics.

Frequently, two polishing steps are used to remove the remaining impurities and product variants/aggregates 141,
Resin- or membrane-based chromatography (ion exchange or hydrophobic interaction chromatography) is
frequently used. The polishing steps remove impurities such as DNA, host cell proteins (HCP), and product
aggregates 2. Typically, all streams and buffers which enter the purification process are passed through sterilizing
grade (0.22 pm pore size) filters to reduce bioburden.

As shown in Figure 1, the virus filtration step is typically located near the end of the purification train. The product
is relatively concentrated and highly purified. High product concentrations can lead to compromised performance
due to product aggregation and increased adsorption to the virus filter membrane. A final ultrafiltration/diafiltration
step is used to concentrate the product and place it in the formulation buffer needed for stability during
shipping/storage and delivery to the patient. The final 0.22 um pore size filter is used to ensure sterility of the

product and is often part of the final fill-finish operation.
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2.2. Viruses, Virus Clearance, and Virus Filters

Many mammalian cell lines produce endogenous retrovirus-like particles [&. These particles are typically around
80-100 nm in size. Clearance can be achieved by inactivation and/or physical removal from the process stream 22!
SILY During purification, manufacturers of mammalian cell-derived biotherapeutics must demonstrate that the
process will yield a final product containing no more than one virus particle in a million doses. Estimates of the
number of virus particles in a single dose equivalent from the bioreactor could be as high as 101°-10'° retrovirus-
like particles per mL 2. Removal of adventitious viruses such as parvovirus is also required. These much smaller
viruses are around 20 nm in size. In the past, filters targeted for retrovirus and parvovirus removal were included in
the purification train B, Recent studies show that virus clearance filters designed to provide clearance of smaller

parvovirus can be used to clear much larger retroviruses simultaneously (18],

Table 2 shows some viruses that are employed for validation studies in biomanufacturing. The enveloped
retroviruses are typically larger than the non-enveloped parvoviruses. Consequently, virus filtration membranes that

are validated for removal of parvovirus are also effective at clearing retrovirus from the product.

Table 2. Some common viruses used for validation studies in biomanufacturing 12,

Name of Virus Diameter (nm)

Animal parvoviruses (non-enveloped DNA viruses, bovine, canine, or porcine) 18-24
Poliovirus (picornavirus, non-enveloped RNA virus) 25-30
Encephalomyocarditis virus (EMC, picornavirus, non-enveloped RNA virus) 25-30
Feline calicivirus (calicivirus, non-enveloped RNA virus) 35-39
Bovine viral diarrhea virus (BVDV, flavivirus, enveloped RNA virus) 40-60
SV40 (simian vacuolating virus 40, polyomavirus, non-enveloped DNA virus) 45-55
Sindbis virus (togavirus, enveloped RNA virus) 60-70
Reovirus (non-enveloped RNA virus) 60-80
Herpes simplex virus (HSV, Herpesviridae, enveloped DNA virus) 150
Pseudorabies virus (PRV, Herpesviridae, enveloped DNA virus) 120-200

Adventitious virus contamination is a concern in the manufacture of biologics. Validation of virus clearance is
shown by conducting scale-down testing 29, The feed is spiked with model virus particles, and clearance in the
product stream is determined. Minute virus of mice (MVM, mouse parvovirus) is often used to validate adventitious

virus clearance. The FDA requires at least two orthogonal steps with different mechanisms of action for validation
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of virus clearance with the required level of virus clearance for the process as a whole, determined by summing the
clearances obtained from the individual unit operations 2,

Virus filtration uses porous polymeric membranes in normal flow mode 1221122l The predominant mechanism of
action for virus filters is size exclusion 22 The difference in hydrodynamic diameter between a protein product and
MVM is often less than two-fold Bl Today, virus filters are a critical component of the overall virus clearance
strategy 15, As shown in Table 3, virus filter membranes are typically made of regenerated cellulose,
polyvinylidene difluoride (PVDF), and polyethersulfone. The latter two materials are hydrophilized in order to
minimize fouling by adsorption and maximize flux during virus filtration. While the membrane should be
biocompatible, non-fouling, and minimize adsorption on the membrane surface, it is also essential that the

membrane is robust and dimensionally stable to ensure the required level of virus clearance.

Table 3. Commercially available virus filters [223124] Asahi Kasei Bioprocess is a part of the Asahi Kasei Group;
MilliporeSigma is a subsidiary of Merck KGaA.

Filter Manufacturer Membrane Material Configuration Comments
Planova 15 N, Asahi Kasei Regenerated Asymmetric single-layer Parvovirus
20N Bioprocess cellulose hollow fibers filter
Planova 35 N Asahi Kasei Regenerated Asymmetric single-layer Retrovirus
Bioprocess cellulose hollow fibers filter

Planova Asahi Kasei Hydrophilized PVDF Asymmetric single-layer Parvovirus
BioEX Bioprocess hollow fibers filter

Viresolve NFR  MilliporeSigma Polyethersulfone Asymmetric triple-layer Retrovirus
pleated sheets filter

Viresolve Pro MilliporeSigma Polyethersulfone Asymmetric double-layer flat  Parvovirus
sheets filter

Pegasus SV4 Pall Corporation Hydrophilized PVDF Symmetric double-layer Parvovirus
pleated sheets filter

Pegasus Pall Corporation Polyethersulfone Pleated sheets Parvovirus
Prime filter

Ultipor VF Pall Corporation Hydrophilized PVDF Symmetric double-layer Parvovirus
DV20 pleated sheets filter

Ultipor VF Pall Corporation Hydrophilized PVDF Symmetric double-layer Retrovirus
DV50 pleated sheets filter

Virosart HC Sartorius AG Polyethersulfone Asymmetric double-layer Parvovirus
pleated sheets filter

Virosart HF Sartorius AG Modified Asymmetric single-layer Parvovirus
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Filter Manufacturer Membrane Material Configuration Comments  cter less
polyethersulfone hollow fibers filter

nisotropic

mAb with varied surface moieties interacts with virus filtration membranes, prefilters, and other product monomers
[25]

Table 3 is a non-exhaustive list showing commercially available virus filters and material configurations. Operating
pressures and permeate fluxes vary greatly. Virus filter membrane fouling is a significant challenge [221126127]
Fouling can compromise virus clearance and reduce membrane productivity (product recovered per membrane
surface area) [28. Fouling is often due to product variants because of the high product purity before virus filtration

and the high product concentration compared to the spiked virus concentration (2.

Recent studies focusing on virus filtration of mAbs showed that membrane performance depends on the mAb
properties (pl, hydrophobicity, net charge, dipole moment, oligomericity), buffer conditions, membrane material,
and operating pressure 22291 Buffer excipients such as arginine and lysine can stabilize mAbs and reduce fouling
propensities Y. Excipients such as histidine, arginine, and lysine can reduce reversible self-association of mAbs

to varying degrees 3. Reversible self-association is often concentration-dependent 31,
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