


V
iral safety and viral clear-
ance evaluation are high-
profile areas for product
safety. Regulators are
keenly focused on viral

safety and expect high-quality data to
support it, particularly for IND and
BLA approvals. Familiarity with process
and regulatory requirements, as well as
expertise in the key areas of viral clearance,
are essential for strategic planning and can
yield savings in time, effort, and money.

Familiarity with regulatory guide-
lines  for viral safety and viral clearance
is essential. This knowledge provides an
overview of regulatory expecta-
tions.1,2,3,4 Experience in developing
and implementing studies to support
viral safety, as well as an understanding
of the rationale  behind the guidance,
are of equal  importance. To attain
these objectives, companies must enlist
individuals who have the expertise to
meet regulatory expectations, and who
also will avoid the common pitfalls that
can occur during these studies. Some of
the key principles and pitfalls of viral
safety studies will now be presented.

Utilizing a team of individuals who
understand the following components will
aid in viral safety planing and execution:

• Manufacturing, including biochemi-
cal parameters, hold times, production
timelines, and goals;

• Manufacturing improvement goals
(short and long term);
• Regulatory expectations and rationale;
• Virology and the scientific study
design appropriate for the process;
• Principles of viral clearance evaluation;
• Process and testing safety issues.

Viral safety is a cooperative effort
consisting of team members from dif-
ferent departments, contract research
organizations and, as necessary, con-
sultants. To work effectively, communi-
cation between all team members is
essential and should be encouraged.

Concern for effective viral safety

For several reasons, regulators  have a
high degree of concern for viral safety.
Problems have occurred where viruses
have been present in products used in
human therapeutics (eg, HIV and vari-
ous hepatitis viruses found in blood and
blood products) and vaccines (SV40
virus and veterinary vaccines  contami-
nated with live adventitious virus).5

Furthermore, the cell culture process
used for the production of many
biotechnology products is ideal for the
growth of adventitious viruses that may
be inadvertently introduced via raw
materials or personnel. Most other
potential microbial contaminants are
readily removed by standard microbial
filtration, whereas many viruses typically
are not removed under the standard
conditions validated for microbial
removal. The approach for assuring viral
safety, therefore, is highly visible and

scrutinized at all steps in development.
One well recognized, three-pronged

approach for assuring viral safety uses
multiple barriers to viral entry. This
approach involves the testing of raw
materials and cell banks for the pres-
ence of virus, lot-by-lot virus testing of
cell culture harvests, and the establish-
ment of viral clearance capability in the
process. The first two of these three
prongs are relatively well understood
and guidance for them is well described
elsewhere, including references to the
U.S. CFR for specific virus testing
requirements and study design.1,2,3 The
third prong, viral clearance, is the most
problematic and complex.

Viral clearance evaluation studies are
often inappropriately referred to as “val-
idation” or “virus validation” studies.
However, viral clearance assessment
studies are not true validation studies
because they do not actually validate the
process for its ability to clear viruses.
These studies only assess the ability of
the process to reduce the level of the
specific viruses used. These viruses are
usually only surrogates for the many
types of viruses that may potentially be
encountered in production. It is more
appropriate to refer to viral clearance
studies as “clearance assessment” or
“viral clearance evaluation.”

Strategic approach

Strategies for viral safety, especially
with regard to viral clearance studies,
require an informed scientific
approach. The approach should take
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into account the regulatory require-
ments as they progress through the
phases of clinical testing as well as
license application, or the requirements
for amending an existing license. Viral
clearance studies for licensure are more
demanding than those for early clinical
testing.6 The planning and study design
for viral clearance evaluation should
take into consideration the expectations
for safety at the initial stages of clinical
studies, while accommodating aspects
that will be needed to handle changes to
the subsequent production process.7

Viral clearance expectations relative
to clinical phase and target population

Testing expectations can be different
from product to product, depending
on such factors as proposed disease
indication and number of patients in
each phase of the trial. Products for
which the intended population is nor-
mal, healthy individuals (such as a vac-
cine for an infectious disease), will have
higher expectations for viral clearance
than one for which the target popula-
tion has a life-threatening disease for
which no effective treatment is avail-
able. By the same token, it may be
appropriate under some circumstances
to exceed testing requirements for one
phase of clinical development in order
to ensure that the requirements for a
later phase will be met. Testing require-
ments may also be exceeded to prepare
for changes in process development.
For example, Phase I clinical material
may have been prepared by a process
with a minimally acceptable endoge-
nous retrovirus clearance, but a process
change will be made before later clinical
production. It is advantageous to deter-
mine whether the new process will meet
the viral clearance requirements before
the revised process is finalized.

Strategies in anticipation of
manufacturing process changes

Cost-effective strategies can be
implemented if material for Phase One
clinical testing is produced using process
steps that may be changed before later
stage clinical lots are produced. For
example, if a change in chromatograph-

ic resin, buffer, load or flow rate will be
implemented for Phase Two material
production, it may not be necessary to
test the viral clearance capability of the
original process step. This would be the
case if a careful assessment determines
that adequate retrovirus clearance for
Phase One can be achieved without
evaluating the process step that is antic-
ipated to be changed.

Maximizing viral clearance evalua-
tion reduction factors

It is also possible to design clearance
studies so that each demonstrates the
maximum level of clearance by selected
process steps. This design becomes
important when the overall purification
process may have a low endogenous
retrovirus clearance, and some process
steps will not be tested because they are
expected to change. In such a situation,
enhanced viral clearance estimates can
be achieved in several ways. One strat-
egy is to use higher titer virus spikes
than usual in evaluating a process step,
while making sure not to exceed the
capability of the clearance step.
Another way is to use large volume viral
assays that may demonstrate viral clear-
ance 10 to 100-fold higher than the
standard viral assay. In this approach, a
larger volume of material is tested for
the presence of virus than in standard
assays. If no virus is detected following
the viral clearance step, a higher effective
clearance will have been demonstrated.

Pitfalls in strategic planning for viral
safety

There are many pitfalls to viral safety
testing and viral clearance studies.
Following are some common problems:

Improperly employing two or more
viral clearance steps that use the same
clearance mechanism. It is necessary to
use orthogonal mechanisms for viral
clearance to include each effective process
step in the viral clearance total. This use
can result in the untimely discovery that
the production process may provide
inadequate viral clearance, especially in
studies with retroviruses where a target-
ed level of clearance is desired.

Not assessing changes in endoge-
nous retrovirus levels after alterations
in culture methods. Changes in culture
methods or media components can
alter the clearance of virus in some
cases. In addition, it is advisable to
monitor the level of endogenous retro-
virus particle levels when culture condi-
tions are changed because these changes
can alter the level of endogenous retro-
virus present in the harvest.
Monitoring is especially important
when low levels of virus are detected in
initial testing and a low target for clear-
ance is set. If the altered culture condi-
tions increase endogenous retrovirus
particle levels, the clearance target may
need to be raised.

Inadequate controls as required by
rigorous scientific design of the study,
especially under product-related special
circumstances. For example, controls
are required for virus inactivation that
may occur during storage before testing
for virus remaining after a process step,
or for toxicity to virus detector cells.
Absence of such controls may lead to
erroneous conclusions about the effec-
tiveness of the process to clear virus.

Using different process conditions,
buffers, loads, or chromatographic
parameters such as column height, or
flow rates, in clearance studies than
those in the actual production process.
Assumptions are sometimes made that
small differences in the foregoing
parameters will not affect viral clear-
ance. Unless these assumptions are test-
ed, significant effects on viral clearance
may be unrecognized. For example,
slight changes in column buffer ionic
strength can alter the ability to reduce
virus. Slight changes in pH can alter
retrovirus inactivation kinetics.

Inadequate process control, such as
flow rates, pH, or ionic strength. It is
critical to demonstrate tight process
control during the viral clearance stud-
ies so that critical parameters are within
specifications. If flow rates, pH or other
parameters do not meet specifications,
viral clearance in these studies may not
reflect what occurs in the actual process.
Discovering such discrepancies when
the IND or BLA is being finalized may
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require expensive re-testing and/or
delays in a filing. Not discovering them
can be even more of a problem if they
are found during the review by regula-
tory authorities.

Not ensuring that virus to be used in
spiking experiments is prepared appro-
priately. Some viruses have a tendency
to form aggregates. Such aggregated
virus preparations may provide an
exaggerated high filtration clearance
rate because the filters may retain more
aggregated virus than non-aggregated
virus preparations.

Not re-assessing the process for viral
clearance after process changes.
Changes are frequently made to the
production process during develop-
ment to improve yields and purity, or
for a variety of strategic reasons. All
such changes should be assessed for
their impact on viral clearance.7

Changes in regulatory expectations
and requirements during development
from Phase One through BLA submission.

How much viral clearance is sufficient?

No one answer to the question: “how
much clearance is enough?” is appropri-
ate for all products because several fac-
tors must be considered.

Because many cell lines used for pro-
duction of biotechnology-derived prod-
ucts contain endogenous retroviruses,
adequate clearance is expected for Phase
One clinical testing under an IND. In
general, clearance of retroviruses should
be on the order of 104 to 106-fold
greater than the potential retrovirus
load that could be present in an unpuri-
fied harvest volume. As can be seen by
the range, this target is not firm and is
dependent on several factors. One
often-overlooked consideration is that
initially targeting a greater clearance
than what may be expected can have a
good strategic payoff. Subsequent
process changes may result in reduction
in viral clearance, and the extra initial
clearance provides a buffer.

As mentioned previously, several fac-
tors influence the level of retroviral
clearance expected under an IND.

These factors include drug indication
and target population, as well as the
number of patients in the trial.

The level of retroviral clearance
expected for Phase Three may increase
if a small number of patients are used in
the earlier phases. By the same token,
whereas adequate clearance of endoge-
nous retrovirus is usually the only viral
clearance required under the IND,
clearance assessment for other adventi-
tious model viruses may be required if
very large numbers of patients are used
in Phase Three. If a significant increase
in the number of patients is anticipated
in the later clinical studies, it would be
prudent to discuss viral clearance study
plans with regulators before embarking
on the plan.

No specific target for clearance of
adventitious model viruses is specified
in regulatory guidance documents. The
goal of demonstrating clearance of
these viruses is to assess how robust the
process is for reducing potential adven-
titious viruses that could enter the
process undetected. Therefore, the goal
is to demonstrate that the process is
capable of clearing, to some extent, a
broad spectrum of viruses as represent-
ed by the three or four different types
used. A process shown to be capable of
removing several log10 of various types
of viruses, especially small non-
enveloped viruses, is considered robust
enough to eliminate viruses that may
have gone undetected during testing of
the raw materials or cell harvests. In
general, it is desirable to demonstrate
some degree of clearance of each  type
of virus tested, including enveloped
viruses and both large and small non-
enveloped viruses.

Clearance studies for adventitious
model viruses are usually not expected
until the license application is submit-
ted, or the pre-approval inspection
(PAI) is scheduled and the purification
process is fixed (except as noted above).
However, it is wise to do adventitious
viral clearance studies early enough so
that there will be time to fix problems
that may occur, or if inadequate clear-
ance is observed.

Summary

Viral safety and viral clearance eval-
uation are high profile areas for the
overall consideration of product safety.
Regulatory authorities are keenly
focused on viral safety and expect high
quality data to support it. Familiarity
with the process and regulatory require-
ments, as well as expertise in the key
areas of viral clearance, are essential for
good strategic planning and high quali-
ty data.

The examples provided in this article
are not intended to be all-inclusive.
They are used to demonstrate how an
understanding of the requirements, and
their underlying scientific rationale, can
help avoid problems and improve viral
safety. With attention to the key princi-
ples and potential pitfalls of viral clear-
ance studies, strategic planning can
often result in a significant savings in
time, effort and money.
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