
How To Design Pre-Study Experiments
For Viral Clearance Studies

areful design of viral clearance studies is critical, 
and knowledge of the basic principles behind the 
procedures and assays used in a viral clearance study 

will make the development of a successful study much easier. 
In this series of articles, a variety of topics are discussed 
that explain the various components of a viral clearance 
study. This information can be a resource when designing 
viral clearance studies or interpreting the data from a study. 
Whether your viral clearance studies are performed by an 
in-house virology group or by a contract laboratory, a good 
understanding of the fundamentals of the clearance study is 
essential for ensuring that the study meets its intended goals. 
In this second article of the series, pre-study experiments will 
be explained. 
Before a viral clearance study is conducted it is necessary 

to perform pre-study control experiments that will account 
for anything in the process intermediate that could lead 
to inaccurate estimations of viral reduction. The pre-study 
includes cytotoxicity assays to determine whether the process 
intermediates are toxic to the indicator cells used to detect 
the virus as well as viral interference assays that determine 
whether the process intermediates interfere with the ability 
of the virus to infect the detector cells. These assays are 
described in more detail below.

CytotoxiCity AssAy
In order to evaluate the cytotoxicity of process intermediates 
to the virus detector cells, process intermediates, representing 
every sample that will be generated and assayed in the 
spiking study, are tested on indicator cells for each virus 

that will be used. Each 
intermediate is serially 
diluted and placed on the 
indicator cells in a manner 
that mimics the viral 
infectivity assay; however, 
for this assay, no virus 
is used. Following assay 
incubation, the indicator 
cells are microscopically 
assessed for evidence of toxicity. The lowest dilution that 
exhibits no cytotoxicity will be the starting dilution for the 
viral interference assay. Figure 1 is a schematic overview of 
a cytotoxicity assay.

VirAl interferenCe AssAy 
The viral interference assay addresses whether or not the 
product intermediate interferes with the ability of the virus to 
infect the indicator cells. A good example of viral interference 
is the presence of antibodies in the process intermediate that 
react with the virus. Some of the virus present in the process 
intermediate may not be detected in the infectivity assay if 
antibodies have neutralized the virus and prevented it from 
infecting the detector cells. A very simplistic illustration of 
this is provided in Figure 2 where it can be seen that in the 
beaker on the left, ten infectious virus particles are present. 
In the beaker on the right, neutralizing antibodies are 
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Figure 1. Overview of cytotoxicity assay. In this example, the process intermediate is 
not toxic at a dilution of 1:27. This will be the starting dilution for the viral interference 
assay.

Figure 2. An example of viral interference in a product intermediate due to the presence of 
antibodies. Although ten infectious particles are present in the intermediate, only five are 
detected, due to neutralization of five virus particles by a neutralizing antibody. It would be 
necessary to dilute out the neutralizing antibodies in order to accurately quantitate infectious 
viruses.
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present that prevent the detection of five of the infectious 
virus particles. Consequently, viral interference prevents 
an accurate estimation of the number of infectious viruses 
present, and it will be necessary to dilute the interfering 
process intermediate in order to accurately quantitate the 
infectious virus present. 
There are a number of variations on the method used to 

determine viral interference, but all compare the detection of 
virus in the process intermediate to the detection of virus in 
buffer. In the assay shown schematically below in Figure 3, 
two separate samples of virus are titered, one using buffer as 
a diluent and the second using process intermediate as the 
diluent. If the process intermediate is cytotoxic, it must be 
diluted to a non-cytotoxic level before it is used as a diluent 
in the viral interference assay. The virus titers achieved in 
buffer and in process intermediate are compared. If the titers 
are within 0.5 to 1 log10 of each other, then no interference 
is present. If the difference is greater, then the process 
intermediate must be diluted and the assay repeated until no 
interference is present.

It is especially important to understand if viral interference 
is present when virus is at low concentrations. This may be 
the case in a sample following a clearance step when virus 
has been inactivated or removed from the product stream. If 
interference masks the presence of low levels of virus, then 
it might appear that the step was more effective in clearing 
virus than was actually true. 
An example of viral interference data for a process 

intermediate evaluated for the parainfluenza type 3 virus 
(PI3) and XMuLV infectivity assays is provided in Table 1. 
The titer for XMuLV in undiluted process intermediate was 
5.5 log10 TCID50/mL and in buffer was 5.7 log10 TCID50/
mL. The difference in the titers was 0.2 log10; there was no 
interference. However, the titer of PI3 in undiluted process 
intermediate was 3.5 log10 TCID50/mL, 1.9 log10 lower than 
the titer of the virus in buffer. This process intermediate 
required a 1:10 dilution before viral interference was 
eliminated. 

spike reCoVery AnAlysis 
One variation on the viral interference assay is spike 
recovery analysis. It is another way to determine the impact 
of the process intermediate on detection of virus spiked into 
a process load sample. As shown in Figure 4, virus is spiked 
into a sample of the process step load material at the same 
ratio that it will be spiked into the load when the spiking 
study is performed (often 5% v/v). In parallel, an aliquot of 
buffer is spiked at the same ratio. The samples are held for 
a period of time on ice and then assayed. The resulting virus 
titers are compared and if they are within 0.5 to 1 log10 of 
each other, then no interference is present.

QuenCh AnAlysis 
Quench analysis can be performed on process intermediates 
from inactivation steps to verify that any inactivating agent 
present in the sample has been diluted to a level that would 
stop the inactivation and allow detection of residual virus.  
This analysis is especially important when a potent inactivant 
is used and it is necessary to determine how to dilute the 
sample to “stop” the inactivation reaction. For example, the 
process intermediate from a detergent inactivation step may 
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Figure 3.  An example of a viral interference assay.  In parallel, virus is titered in buffer and 
in product intermediate. In this example, the titers are comparable, and no viral interference 
is detected.

Figure 4. An example of a spike recovery assay. Virus is spiked into process load material and 
buffer at the same ratio used in the clearance study and then held on ice before being assayed 
for infectious virus.



be tested to demonstrate that the detergent can be diluted to 
a level that no longer inactivates the targeted virus. For this 
assay, diagrammed in Figure 5, serial dilutions are prepared 
of the sample containing the inactivating agent. Virus is 
spiked into each dilution and into an aliquot of buffer, which 
will serve as a positive control. Each spiked sample dilution 
as well as the positive control is assayed, and the lowest 
dilution with virus titers similar to the positive control will be 
used as the quench dilution in the spiking study.

ConClusion
Data from pre-study control experiments will provide 
information on whether or not samples from the spiking 
study will require dilution to be accurately assayed in virus 
detection assays. Although the pre-study control assays may 
vary somewhat between individual laboratories, and possibly 
between individual studies, all reputable labs will ensure 
that the appropriate controls have been performed prior to 
initiation of the spiking study.   
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Figure 5. Schematic of quench analysis assay.


