
Fundamentals Of Viral Clearance Studies 
Part 5: — How Much Is Enough?

common concern for manufacturers of biopharmaceutical 
products is whether their process achieves sufficient 
viral clearance.  There is no fixed level of viral reduction 

that all manufacturing processes for biopharmaceutical 
products must achieve.  Each biopharmaceutical product 
uses unique source materials and a unique manufacturing 
process, and so each product has its own unique risk for 
potential viral transmission. Therefore the level of viral 
reduction required to achieve an acceptable viral safety risk 
is specific to each product. 
Regulatory agencies use a risk-based approach to viral 

safety, and the level of viral reduction that is required is 
based on the potential viral load of the starting materials. 
Thus, the first step in determining the risk for a given 
biopharmaceutical is to evaluate the starting materials 
for the presence of contaminating viruses. This involves 
characterizing cell lines and testing raw materials and bulk 
harvests. The safety risk for any potential viral contaminants 
must be addressed. In general, no infectious virus should 
be detected in source materials, especially from higher risk 
sources such as human- or animal-derived plasma, blood or 
tissue. The exception to this is endogenous retroviral-like 
particles, which can be produced to high levels by CHO 
cells.  Although these particles are not considered infectious 
and have not been associated with human disease, they are 
a concern to regulators. Endogenous retoviral-like particles 
are quantitated in the bulk harvests of products expressed 
in CHO cells and an acceptable margin of safety must be 
demonstrated for these particles.  
In addition to viral testing data for source materials, agencies 

request a risk assessment, which will include information 
about the history of the cell line, characterization data for the 
cell line, the presence of raw materials of animal or human 
origin, the experience of the manufacturer with the cell 
line and the experience of the manufacturer with the viral 
reduction steps (1, 2). This risk assessment will also include a 
calculation of the number of potential viral particles per dose 
of final product. As described in ICH Q5A (2) and shown 
in Figures 1 and 2, this can be calculated using the number 

of virus particles in the 
starting material (e.g., 
bulk harvest, etc.), the 
volume of starting material 
in a dose of final product 
and the viral clearance 
across the manufacturing 
process.  
For products derived from CHO cells, this calculation is 

performed for endogenous retroviral-like particles. In the 
example shown in Figure 2,  it is estimated that one virus 
particle is present in one million doses of final product.  This 
equation can also be used to calculate the viral clearance 
that would be necessary to achieve a given safety factor. 
The purification process should be able to inactivate or 
remove the viral load in the starting material and also provide 
enough excess clearance to assure that the final product has 
a substantial level of viral safety. A five to six log safety factor 
is typically considered a sufficient margin of safety. 
Under some circumstances, clinical factors may play a 

contributing role in assessment of the risk of viral transmission.  
The age, overall health and immunological status of the 
patient population, dose and frequency of administration 
may be mitigating factors in the final assessment of the 
overall viral safety risk of a biopharmaceutical product.
While each biopharmaceutical product carries its own 

unique viral safety risk, and there are risks that are specific 
to the stage of product development. For example, the viral 
safety risk for a product manufactured for clinical trials using 
new chromatography resins may be less than that for licensed 
product that is produced on chromatography resins that have 
been sanitized and re-used multiple times.  Because of this, 
viral clearance studies used to support product licensure 
will require a demonstration of the efficacy of the column 
sanitization procedures as well as studies to verify that the 
viral reduction does not decrease with resin use.  
By the time a product approaches licensure processing 

parameter limits for the manufacturing process will have been 
established and worst-case operating limits can be used for 
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Figure 1. Equation for calculation of viral particles per dose of final product,  as described in ICH Q5A.
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the viral clearance study. For some process steps, robustness 
studies may be performed to verify that a consistent level of 
viral reduction is achieved throughout the operating range for 
a given processing parameter. For viral clearance studies to 
support early stage submissions, processing parameter limits 
may not have been established and clinical trial material is 
generated at the parameter set point. In these instances, the 
viral clearance study is 
also performed at the 
parameter set point. 
Viral reduction across 

a manufacturing process 
involves more than 
achieving a set level 
of reduction. It should 
involve insight into 
the mechanism of the 
viral safety potential 
of processing steps. In 
order to fully understand 
the viral safety of an 
inactivation step, the 
kinetics of inactivation 
must be determined.  In 
Figure 3, two examples 
of inactivation kinetics 
are shown for steps that 
have the same overall log reduction (≥5.4 log10).  In Example 
1, complete viral inactivation is achieved within 10 minutes, 
while in Example 2, complete inactivation is not achieved 
until 50 minutes, near the end of the 60 minute incubation 

period.  From the log reduction values alone, it would seem 
that the viral safety of the two steps is equivalent, but the 
kinetics of inactivation demonstrate a clear difference in the 
safety profile. 
To evaluate the parvovirus reduction potential of virus 

filters, collecting the filtrate in several aliquots will increase 
the likelihood of detecting virus breakthrough. The 

probability of detection 
of a small amount of 
virus in an aliquot of the 
filtrate is greater than in 
the entire filtrate sample. 
These data will provide 
an understanding when 
virus breakthrough may 
occur.
 The principles used 

in developing a risk 
assessment can be 
applied to any product, 
source material and 
manufacturer’s process. 
The potential viral load 
is determined and the 
manufacturing process 
should be capable of 
reducing that load and 

providing an additional margin of safety. The data must 
ensure confidence in the ability of the process to reproducibly 
achieve same level of clearance over time and to provide an 
additional margin of viral safety.
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Figure 2. Example calculation of endogenous retroviral particles per dose of CHO-derived recombinant protein.

Figure 3.  Examples of viral inactivation for two steps that achieve identical overall log reduction values 
but have different kinetics of inactivation. 


