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RESULTS
Figure 2. Hepatitis C Virus Amplification

Amplification of HBV on an Applied Biosystems 
(AB) 7900HT instrument. The lowest detectable 
concentration is 0.49 IU/rxn.

Figure 1. Hepatitis B Virus Amplification

Amplification of HPV on an AB ViiA™ 7  instrument. 
The lowest detectable concentration is a 1000-fold 
dilution of the neat purified NAT control sample.

Table 1.  Summary Table of Detection Sensitivity

TaqMan® Fast Virus 1-Step Master Mix exhibits around 100% PCR efficiency with R2 values of close to 
1. It can detect as low as 0.49 IU/rxn of HBV and 1.29 IU/rxn of HCV. (^)Copy/rxn listed for EBV assumes 
100% DNA recovery from purification. Dilution 5 was determined to be 10 - 25 copies/rxn by digital PCR. 
A conservative estimate of 10 copies/rxn is assumed to be the limit of detection for EBV. (*)5 μl

 

of sample 
was used per reaction. Actual copy number was unable to be determined by digital PCR due to variable 
copy number of the HPV template.

Figure 5.  Effect of Common Inhibitors on Amplification of Adenovirus

Using the same setup and evaluation as described in Figure 5, while the RNA IPC assays exhibits a 
higher sensitivity to inhibition than the ADV assay, the ΔCqs are still all within |1 Ct|, indicating that the 
TaqMan® Fast Virus 1-Step Master Mix is tolerant of the 4 inhibitors at the concentrations tested.

A 6-log dilution series of neat ADV DNA was duplexed with a constant input of RNA IPC template. 
Multiplexing did not affect the PCR efficiency, nor the linearity of the reactions.

Figure 7. Multiplex Feasibility –

 

Duplex Amplification of Adenovirus with IPCABSTRACT
Traditionally, immunological detection methods have been used to detect the presence 
of oncoviruses, but these methods have several drawbacks. In the case of Human 
Papillomavirus (HPV) which can cause cervical cancer, detection is difficult due to low 
expression of early viral proteins and a lack of sensitive and specific high-quality 
antibodies that can discriminate HPV types[1]. Results can also be misleading or  
inconclusive when a sample exhibits residual elevated antibody levels due to an  
infection that may have happened months or years prior to sample collection, as in the 
case of the Epstein-Barr Virus (EBV)[2], which is associated with Hodgkin’s lymphoma 
and other carcinomas. Polymerase Chain Reaction (PCR) based detection of viral 
nucleic acids are becoming more prevalent in recent years due to better sensitivity, 
specificity, and ease-of-use than traditional methods. 

We have developed a simplified real-time Reverse Transcription, quantitative 
Polymerase Chain Reaction (RT-qPCR) system for the rapid detection of RNA and 
DNA samples that minimizes researcher hands-on time to reduce error and risk of 
cross-contamination. In our experiments, Human Papillomavirus (HPV), Epstein-Barr 
Virus (EBV), Hepatitis B and C Virus (HBV and HCV) nucleic acid test controls were 
purified using conventional spin column methods, and the purified samples were  
amplified in a dilution series using the 4X TaqMan® Fast Virus 1-Step Master Mix 
(FVMM) (Life Technologies, CA) to evaluate sensitivity based on Cq, linearity, and 
efficiency. Common PCR inhibitors such as heparin, EDTA, hematin, and humic acid 
were spiked into reactions to evaluate the tolerance of the system based on ΔCq 
between inhibitor-spiked samples and control samples. High inhibitor tolerance would 
mean there is no need for discarding precious samples, re-purification, or dilution of 
samples with low abundance targets. Results show that 0.5 IU of HBV, 1.3 IU of HCV, 
and ~10 copies of EBV can be detected per reaction. ΔCq of ≤

 

|1| is observed for 
Adenovirus and exogenous Internal Positive Control (IPC) assays when reactions are 
spiked with up to 0.0625 U heparin, 7.2 μg EDTA, 10 μM hematin, or 100 ng humic 
acid per reaction. This simple RT-qPCR system can be easily incorporated into  
research laboratory workflows. The short turnaround time of less than 1 hour for PCR 
is conducive to high-throughput workflows. Multiplex feasibility as shown by the  
incorporation of an exogenous IPC in our experiments means users may combine both 
type identification and quantification of oncoviral nucleic acids in a single reaction, 
further saving time, cost, and samples.

INTRODUCTION
The study of oncoviruses and their roles in the pathogenesis of carcinomas can have 
important implications in the diagnosis and treatment of cancer. However, variability in 
the detection of oncoviruses can make these studies challenging. Sensitivity and 
specificity of the detection method are key concerns. Earlier detection can be achieved 
using molecular biology techniques to detect oncoviral nucleic acid in samples that has 
not undergone seroconversion, and these techniques are applicable to viruses that 
cannot be propagated in tissue culture. Polymerase Chain Reaction (PCR) based  
detection of viral nucleic acids not only has the advantage of being highly specific due 
to sequence specific primer binding, it is also less cumbersome and more sensitive 
than other hybridization techniques such as the Southern and Northern blots due to its 
ability to amplify shorter nucleic acid fragments. Sequence-specific probe binding adds 
one more layer of specificity to real-time PCR and has the additional advantage of 
providing viral load information. 

Typically PCR is identified as regular PCR, which amplifies cDNA and gDNA, or 
Reverse Transcription-PCR (RT-PCR), which amplifies RNA. RT-PCR can be further 
separated into 2-step and 1-step reactions. In 2-step RT-PCR, RNA sample is first 
transcribed into cDNA using an RT kit, then a separate PCR is setup and run using the 
resulting cDNA. In 1-step RT-PCR, reverse transcriptase (and DNA polymerase,  
depending on the kit used) is usually first added to the PCR buffer or master mix, then 
a single reaction is setup and run using RNA samples. Each of these different PCR 
and RT-PCR protocols can be run with different thermal cycling profiles to  
accommodate the presence or absence of the RT-step. We have simplified the above 
process and developed a master mix that can amplify both DNA and RNA samples 
using one universal protocol that does not require the separate addition of RT enzyme. 
The 4X TaqMan® Fast Virus 1-Step Master Mix (FVMM) is highly inhibitor tolerant, 
such that users can maximize their sample input without worrying about PCR inhibition.

CONCLUSIONS
We have demonstrated the capability of the TaqMan® Fast Virus 1-Step Master Mix (FVMM) to 
amplify both DNA and RNA viral nucleic acids with high sensitivity. 0.5 IU of HBV, 1.3 IU of 
HCV, and ~10 copies of EBV can be detected per reaction with PCR efficiencies ranging from 
99% to 105% and a linearity of 1. We have also shown that it can tolerate up to 0.0625 U 
heparin, 7.2 μg EDTA, 10 μM hematin, or 100 ng humic acid per reaction in our experiments. 
FVMM is robust, and maintains a high PCR efficiency and good linearity even in a multiplex 
reaction. 

The simple workflow of the FVMM minimizes user hands-on time and reduces the chances of 
cross-contamination of samples, which can occur when a user opens a Reverse Transcription 
plate to collect the cDNA product for the subsequent PCR. The 4x concentration of the master 
mix and the high inhibitor tolerance both enable a user to obtain the highest sensitivity from 
their samples. They can maximize the input of low viral load samples if desired, without 
worrying about carryover inhibition. Alternatively, a user can amplify multiple targets (such as 
those used in genotype identification of an oncovirus) in a single reaction, thus conserving 
sample, time, and reagents.

FVMM can amplify DNA and RNA samples using one universal protocol that takes less than 1 
hour to complete the PCR. This minimizes chances of mistakes in setting up a PCR run for 
different types of samples on different real-time instrument platforms. FVMM provides excellent 
ease-of-use while maintaining high performance that makes it compatible with any research 
laboratory workflow.
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MATERIALS AND METHODS
All (RT-)PCR are performed with 20ul reaction volumes with the following thermal cycling profile:

Sensitivity Test:

 

Purified samples of HBV and HCV from nucleic acid test (NAT) controls, and 
unpurified NAT controls of EBV and HPV were obtained from AcroMetrix (Benicia, CA). The 
unpurified EBV and HPV controls were purified using conventional spin column method with a 
sample input of 200 μl

 

and elution volume of 60 μl. Serial dilutions of the purified samples are 
then amplified. The limit of detection, PCR efficiency, and linearity (R2) are evaluated. Assays 
were obtained from Applied Biosystems (Foster City, CA).

Inhibitor Tolerance Test:

 

Unpurified NAT control of Adenovirus (ADV) Type 1 was obtained 
from ZeptoMetrix (Buffalo, NY) and purified using conventional spin column method with a  
sample input of 500 μl

 

and elution volume of 50 μl. The purified sample is pre-screened for a 
dilution factor that would generate a Cq of ~35, and different amounts of common PCR inhibitors 
are spiked into the reactions. The ADV assay sequences were obtained from the literature[3]. 
The effect of inhibition is evaluated by calculating ΔCq between inhibitor-spiked samples and 
water control samples. The same inhibitor test is also run with RNA internal positive control 
(IPC) samples targeting a Cq of ~29 as a reference. 

Multiplex Feasibility:

 

A serial dilution of the purified ADV DNA (see above) is amplified in a 
duplex reaction with the RNA IPC and the PCR efficiency and linearity (R2) are evaluated.

Sample Reaction Setup:

Component 1 rxn
4x Fast Virus MMix 5 ul

20x Target PPMix 1 ul
Sample^ 5 ul

Water* 9 ul
Total 20

 ̂Sample volume up to the maximum allowed by reaction volume
may be used (up to 14ul in this example).
* Volume of water = reaction volume - sum of all other components.

Figure 3. Epstein-Barr Virus Amplification

Amplification of HCV on an AB 7500 Fast  
instrument. The lowest detectable concentration is 
1.29 IU/rxn.

Amplification of EBV on an AB ViiA™ 7  instrument. 
Assuming 100% recovery of DNA from purification, 
the lowest detectable concentration is 5.88  
copies/rxn.

Figure 4. Human Papillomavirus Amplification

Adenovirus Assay
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4 separate reaction setups of 4 technical replicates each were run for each inhibitor-concentration 
combination. ΔCq is calculated by Ct of inhibitor spiked reactions – Ct of water control reactions. The 
higher the ΔCq, the more the sample is inhibited. Though ΔCq values are somewhat variable across the 
16 replicates, they are all within |1 Ct|, which indicates that there is no significant difference between 
spiked samples and the controls.

Figure 6.  Effect of Common Inhibitors on Amplification of a RNA

 

IPC

Duplex with TaqMan® Fast Virus 1-Step Master Mix
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