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Fundamental Strategies

for Viral Clearance
Part 2: Technical Approaches

by Kathryn Martin Remington

iral safety is required for

biologics manufactured to

treat human diseases.

Although significant
improvements in ensuring viral safety
have been made over the past few
decades, “zero risk” of viral
contamination is a myth. Viral
contamination risk can be carefully
managed by screening raw materials,
testing process intermediates, and
evaluating how effectively
manufacturing processes remove and
inactivate viruses.

Viral clearance studies verify virus
removal or inactivation by a
manufacturing process. Although
regulatory agencies have expectations
for the designs of those studies, no
standard expectations for clearance
levels apply to every product. Just as
each biologic and the raw materials
and manufacturing process used to
generate it are unique, so too are the
risks of viral contamination and viral
clearance expectations.

A product’s expected level of
clearance depends on the potential
viral contaminant load in its source
materials. That level incorporates
additional clearance for an assurance
of safety in a final-product dose. To
evaluate the viral clearance capacity of
a manufacturing process, the
virus-reduction capacity of each unit
operation is independently
determined. That is done by spiking
viruses into the preprocessed
intermediate and comparing the
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amount of virus in the preprocessed
load with that in the intermediate
after processing. Individual spiking
experiments are performed for each
virus using an appropriately selected
panel of viruses.

Part one of this series reviewed
risks associated with viral
contamination (1). It covered
fundamental strategies, regulatory
considerations in the design of viral
clearance studies, and technologies for
establishing a clear and transparent
process for identifying and evaluating
viral contamination risks. The
conclusion here reviews some of the
most commonly used technologies for
inactivating and removing viruses.

THE NEED FOR CLEARANCE
Despite rigorous controls with all
biopharmaceutical products —

including monoclonal antibodies
(MAbs), recombinant proteins (RPs),
human-plasma—derived products, and
products derived from human and
animal tissues (e.g., collagen) —
source materials and adventitious
viruses introduced during production
present viral contamination risks.
Source materials can include human
plasma, cell lines, and human and
animal tissue. The risk of viral
contamination is higher for human-
and animal-derived source materials
than for nonbiological materials. Most
important, viral contamination can
have potential consequences with
serious clinical and economic
implications. Thus, viral clearance
studies are a vital component of
biopharmaceutical manufacturing
processes evaluations and are designed
to ensure that if a viral contaminant is
present, then it will be cleared.

SOURCES OF VIRAL CONTAMINATION
Historically, viral contamination of
biologics has lead to the transmission
of infectious virus to patients, many
times with tragic consequences. For
example, before implementation of
viral inactivation procedures (e.g,
solvent/detergent treatment), hepatitis
C virus and human immunodeficiency
virus type 1 were transmitted to
patients through some human-
plasma—derived biological products (1,
2). With sensitive plasma-screening
procedures and viral clearance steps
for related manufacturing processes,



those products are now relatively safe
(3,4).

Biotechnology has increased the
safety of biologics even further. To
date, no infectious virus has been
transmitted to a patient by a
biopharmaceutical derived from a cell
line. Occasionally, however, viral
contamination has been detected in
process intermediates (e.g., bulk
harvests). Such contaminants were
detected long before products reached
patients, so no virus transmission to a
patient occurred. Even so, the events
caused great expenses for
manufacturers and even product
shortages. Detected viral contaminants
in Chinese hamster ovary (CHO) cell
processes have included murine minute
virus (MMYV), reovirus, Cache Valley
virus (CVV), and vesivirus 2117 (5).

Viral contamination can occur
through source materials or by the
introduction of adventitious viruses
during manufacturing. Source
materials (e.g., cell substrates) can
become contaminated a number of
ways, including from sources derived
from infected animals and use of
contaminated cell culture components
(e.g., bovine serum or porcine-derived
trypsin). Adventitious viruses can be
introduced into a manufacturing
process through, for example,
handling of cell cultures or media and
use of contaminated biologics or
nonbiologic reagents.

SCALING DOWN FOR
VIRAL CLEARANCE STUDIES
Biotechnology manufacturing is based
on a series of purification steps.
Manufacturers are responsible for
identifying unit operations that have
the potential to inactivate or remove
viruses. They must then generate data
to support the clearance potential of
those unit operations. Assessment of
the viral clearance potential of a
manufacturing process as a whole can
be achieved by considering the viral
clearance performance of its individual
unit operations. Therefore, each step
to be evaluated is “spiked,” or
challenged with the appropriate
preparation of a high-titer test virus.
To evaluate the viral clearance
potential of a manufacturing process,
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Unless scaled-down
processes

ACCURATELY

mimic full-scale
manufacturing
processes, generated
viral clearance data
cannot be considered
to be valid.

unit operations are selected that may
provide virus inactivation or removal.
Viral clearance studies are performed
in virology laboratories that are
separate from manufacturing facilities
to prevent contamination of
manufacturing processes. For safety
reasons, these studies are performed
using scaled-down models
representing actual manufacturing
processes and production systems. It is
necessary, however, to demonstrate the
validity of those scaled-down
processes. Even for early stage studies,
manufacturers must generate data to
verify that downscaled processes
accurately reflect full-scale
manufacturing processes. Buffers,
linear flow rates, contact times, and
all other process parameters must
represent those in full-scale processes.
And product and impurity profiles
must reflect full-scale processes.
Unless scaled-down processes
accurately mimic full-scale
manufacturing processes, generated
viral clearance data cannot be
considered to be valid.

For scaled-down studies, a panel of
viruses is selected to reflect potential
viral contaminants in source materials.
For a given unit operation, in general,
each virus of the selected panel is
independently spiked into
preprocessed intermediate material
(although multispike studies have been
conducted). Analysts then perform the
process step and determine the
quantities of virus that are present in
the process intermediates before and
after processing.

Viral reduction levels are calculated
by comparing the amount of virus in a

preprocessed load material to that in a
postprocessed sample. The level is
typically expressed in terms of the
logarithm (log, ) of the reduction. Log
viral reduction levels for each process
unit operation are then summed, and
analysts determine a cumulative
process reduction value for each virus
in the evaluated virus panel. Their
results must confirm that the virus has
been removed or inactivated and that
the process includes excess capacity for
viral clearance (6).

REGULATORY CONSIDERATIONS

The range of viral clearance data
required for biologics in the early
stages of development is reduced in
scope compared with that required for
supporting product licensure. Viral
clearance data must be generated to
support the safety of products for
clinical trials. Biologics manufactured
for early stage clinical trials are
typically manufactured using a process
that has just been developed and
where process parameter ranges are
not well established. Consequently,
robustness studies at the limits or
outside of process parameter ranges
are not required. When a worst-case
parameter limit is known, however, it
should be used for a viral clearance
study; otherwise, the operating
parameter target should be used.
Similarly, chromatography resins used
to manufacture early-stage clinical
trial materials are generally quite new;
therefore, no column sanitization
studies are required, nor are studies
with aged resins.

For products manufactured using
well-characterized cell lines, the
European Medicines Agency (EMA)
requires a minimum evaluation of two
orthogonal steps with a retrovirus and
a parvovirus (7). Manufacturers must
perform a risk assessment according to
the ICH Q5A appendix. Based on the
outcome of that assessment, evaluation
of additional steps may be needed (1).
For submissions to regulatory
authorities other than the US Food
and Drug Administration (FDA),
manufacturers must conduct duplicate
experiments to estimate
reproducibility of viral clearance
capabilities of their processes.



Table 1: Common methodologies that contribute to virus inactivation or removal in

biopharmaceutical manufacturing processes

Inactivation

Removal

Enveloped and
Enveloped Viruses

Nonenveloped Viruses

Enveloped and
Nonenveloped Viruses

Low pH

High pH Dry heat'
Solvent-detergent/ Gramma irradiation’
detergent UVv-C2

Wet heat' (pasteurization, vapor phase)

Virus reduction filtration?
Chromatography*

T Although this step can be effective for nonenveloped viruses, inactivation of this class of viruses requires
much harsher conditions than for inactivation of enveloped viruses.

2Viral inactivation by UV-C depends on the type and configuration of viral nucleic acid and not on the

presence or absence of a lipid envelope.

3This mode of virus removal depends on the size of the virion.

4Although some types of chromatography resins can effectively remove many types of viruses, virus
removal by chromatography depends on the type of chromatography resin and the physical

characteristics of the individual virion.

As product development proceeds
toward product licensure, processing
parameter ranges are established. For
parameters that might affect viral
clearance, robustness data should be
generated to verify that viral clearance
performance is not adversely affected
throughout processing ranges. In
addition, manufacturers should
evaluate the efficacy of
chromatography sanitization
procedures to demonstrate that if an
adventitious virus were introduced
into a chromatography step, the
column sanitization and regeneration
procedures would prevent its carryover
to subsequent runs. In addition,
manufacturers must perform clearance
studies with aged resins to confirm
that viral clearance performance of
each chromatography step does not
deteriorate with extended resin use.
Finally, if an abbreviated virus panel is
used for early stage studies, that panel
must be extended to show that viruses
with varying characteristics can be
cleared.

CLEARANCE METHODS

When developing a manufacturing
process for a biopharmaceutical, the
goal is to include unit operations that
lead to good yields of highly purified
protein product. Including steps that
inactivate or remove viruses — made
of proteins themselves — often
involves an intricate balancing act:
Potential viral contaminants must be
cleared without jeopardizing the yield
or purity of a product. An ideal
situation is achieved when
developmental viral clearance data can
be generated to guide process
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development, but timelines and
financial constraints often preclude
this approach.

When possible, a manufacturing
process should include unit operations
that are specifically dedicated to virus
inactivation or removal. For example,
holding a process intermediate at a low
pH (e.g., pH 3.6 or below) for a period
of time or exposing process
intermediates to detergent or a
solvent—detergent mixture are unit
operations that provide robust
inactivation of enveloped viruses. Such
steps can be shown to be robust; that
is, they are effective over a range of
varying conditions, such as the use of
different buffers, pH levels,
temperatures, concentrations, and
exposure times.

Nonenveloped viruses are much
more difficult to inactivate, and, often,
conditions that will inactivate them are
incompatible with a protein product.
Reduction of such viruses typically
depends on a removal step. Many
manufacturing processes include virus-
reduction filters because they are often
transparent to a process, yet remove all
viruses above a given size.

Most modern manufacturing
processes include one or more
chromatography unit operations.
Although those steps are optimized to
purify a protein, often they also
provide some level of viral reduction.
Many chromatography steps provide
two to three logs of virus removal, but
some manufacturers have optimized
steps (e.g., anion-exchange
chromatography) to provide very good
viral clearance. However,
chromatography is not a robust viral

clearance method, because variations
in pH, ionic strength, and other
parameters can affect its viral
clearance ability.

A DEEPER LOOK AT THE METHODS
To successfully mitigate risk, process
engineers need a good understanding
of the methods designed to either
inactivate or remove viral
contaminants (Table 1).

pH Treatment: Direct exposure of
process intermediate to pH extremes
has been used for viral clearance in
biopharmaceutical manufacturing. For
example, studies have proven that low
pH treatment (e.g., pH 3.0-3.6) of
MAbs following affinity
chromatography is effective against
enveloped viruses (8). High pH
treatment using a sodium hydroxide
solution is used to sanitize many
chromatography columns, which can be
effective against both enveloped and
nonenveloped viruses (9-11). In general,
exposure to pH extremes during
manufacture of MAbs, plasma-derived
products, products derived from tissue,
recombinant proteins (RPs), and
vaccines can provide effective, robust
viral reduction (e.g., >4.0 log,).

Solvent/Detergent: Originally
developed in the 1980s for use in
manufacturing blood products,
solvent/detergent (S/D) treatment is a
proven method to inactivate enveloped
viruses. Treatment of plasma-derived
products with 0.3% tri(n-butyl)
phosphate (TNBP)/0.2% sodium
cholate (CA) can provide effective
inactivation of infectious human
immunodeficiency virus and
hepatitis C virus (12). Today, solvent/
detergent or detergent alone is used in
the manufacture of human-plasma-—
derived proteins and recombinant
proteins. A detergent solubilizes a
viral envelope’s lipid membrane
structure. That disruption prevents a
virus from binding to or infecting
cells, thus rendering it inactive (13-14).

It is important to note that this
process does not inactivate
nonenveloped viruses. But because
S/D targets lipids and lipid derivatives,
this technique generally does not affect
the potency of recombinant protein
products (14-15).



Heat treatment, both wet (e.g.,
pasteurization, vapor heat) and dry, has
been used for many human-plasma—
derived and other animal-derived
products (16-20). This method typically
causes three-dimensional changes in
the structure of viral proteins,
rendering viruses nonfunctional or
inactive. Although heat treatment can
be effective against enveloped and
nonenveloped viruses, some resistant,
nonenveloped viruses (e.g.,
parvoviruses) require high
temperatures to achieve effective
inactivation, which may not be
compatible with some protein
products. High-heat treatment can
change the structure of a protein
product, leading to inactivation,
reduced efficacy, or even
immunogenicity and toxicity. Note
that with dry heat treatment, the
moisture content of a lyophilized cake
might affect the efficacy of viral
inactivation, making moisture control
a critical parameter (21).

High-temperature short-time
(HTST) treatment is an established
method used in the food industry. It
involves rapidly heating select
materials to a predetermined
temperature for a specified (short)
time. This technique is gradually
becoming an integral part of viral
inactivation methodologies in the
biopharmaceutical industry,
particularly as an upstream
risk-mitigation treatment for cell
culture media (22-23).

HTST is thought to inactivate viral
contaminants by denaturing proteins
in the viral capsid (19). When
performed at a sufficiently high
temperature, this technique provides
effective inactivation of resistant
nonenveloped viruses (e.g.,
parvoviruses). A number of studies
have further delineated the
susceptibility of the parvovirus MMV
(which is known to have contaminated
mammalian cell manufacturing
facilities) to heat by exposing
virus-spiked cell culture media to a
broad range of temperatures for
various exposure times. The results of
those studies indicate that HT'ST can
inactivate MMV by three or more
orders of magnitude. Thus, HT'ST is
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REMOVAL of one
type of virus does not
necessarily mean that
all viruses will be
removed.

now recognized as a useful barrier
technology for preventing adventitious
contamination of mammalian cell
culture processes in the
biopharmaceutical industry.

Chromatography separates mixtures
based on differences among the
affinities of their components for a
chromatographic resin matrix.
Generally, this process is used to
separate closely related molecules. As a
unit operation, it is typically designed
for purifying a protein product. Yet
often, enveloped and nonenveloped
viruses also can be separated from a
product. Viral clearance depends on
the physicochemical and biochemical
properties of an individual virus.
Removal of one type of virus does not
necessarily mean that all viruses will
be removed. In addition,
chromatography buffers can inactivate
enveloped viruses, such as low-pH
buffers and buffers containing
components that act as detergents. For
cases in which enveloped viruses are
inactivated, quantitative polymerase
chain reaction (JPCR) can be used to
assess virus removal.

Manufacturing processes for most
biological products include
chromatography operations. Most
evaluations of viral clearance include
assessment of at least one
chromatography step. Robustness
studies can verify that a
chromatography operation provides
consistent clearance over specified
parameter operating ranges (24-27).

Many manufacturers use membrane
chromatography steps in their
processes. Chromatography
membranes have the advantage of
being disposable, which eliminates the
need for sanitization or aged resin
studies (28-29).

Virus Reduction Filtration: Many
purification processes for

biopharmaceuticals use virus-reduction
filtration as an integral part of an
overall strategy for viral clearance in
upstream an downstream applications
(30-31). Virus-reduction filters can
provide robust and effective removal of
large- and medium-sized viruses. Such
filters also can effectively remove very
small viruses (e.g., parvoviruses) with
pore sizes <20 nm. But removal of such
viruses can depend on manufacturing
process parameters.

Gamma Irradiation: Irradiation
using y-rays is an accepted treatment
for animal-derived materials. It has
been effective in risk-mitigation
strategies for raw materials and
postpurification process intermediates.
Viruses such as reovirus and CVV
have been inactivated completely in
frozen bovine serum using y
irradiation at 25-40 kGy (32).
Irradiation of bovine serum is useful
for mitigating the risk of viral
contamination due to the presence of
contaminants in unprocessed bulk
biologics (e.g., CVV, reovirus, and
epizootic hemorrhagic disease virus).
However, this process must be strictly
controlled to ensure consistent,
reproducible, effective, and efficient
virus inactivation.

Ultraviolet-C (UV-C) uses low-dose
radiation at 254 nm to destroy viral
nucleic acids while maintaining
structural and functional integrity of
manufactured proteins. Resistant
parvoviruses have been shown to be
much more susceptible to inactivation
by UV-C than even enveloped viruses
(33,34). Researchers are exploring the
application of this technology for
treating cell culture media used for
recombinant protein production as a
means for mitigating viral
contamination risk.

MAKING VIRAL SAFETY A GOAL
Achieving zero risk of viral
contamination in biologic production
is impossible. But a strategy to ensure
safety of biopharmaceuticals through
risk mitigation involves careful choice
and extensive testing of source
materials; confirmed absence of
contaminating infectious viruses in
intermediates at relevant steps in a
production process; and assessment of



how well a manufacturing process
inactivates and removes viruses. A
manufacturing process designed with
viral safety as a goal will include
specific robust virus inactivation and
removal steps as well as purification
unit operations that provide further
viral reduction. Although most
manufacturers focus on incorporating
viral-reduction steps into their
downstream processes, including key
viral clearance steps into an upstream
process can further reduce the risk of
viral contamination.
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