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ViraQuant™: Development and evaluation of a quantitative multiplexed viral load assay for
CMV, EBV, HHV6, HHV7, and BKV
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ABSTRACT
Background: ViraQuant™ is a new multiplexed quantitative PCR assay for CMV, EBV,
HHV6, HHV7 and BKV. ViraQuant™ is based on STAR technology (Scalable Target
Analysis Routine) a novel approach that integrates qPCR and capillary electrophoresis (CE)
allowing for the quantitative measurement of multiple targets in a single sample with high
sensitivity (Garcia et al, J Mol Diagn 7:444, 2005). Multiplexing offers simultancous
analysis of quantitative standards for each virus and a DNA extraction control with each
sample to enhance analytical performance and clinical confidence.
Materials and Methods: Specific DNA primers are designed for each viral genome in the
ViraQuant™ assay so that fragments amplified from each target are unique in size. Standards
and extraction controls are similarly structured with distinct lengths. Aliquots of the reaction
are removed after successive PCR cycles and separated by CE. As in conventional gPCR,
targets are quantified based on reconstructed amplification curves. We developed the
ViraQuant™ assay on the ABI-3730 DNA Analyzer and examined its’ analytical and clinical
performance.
Specificity was studied by the analysis of DNA from a wide range of potential interfering
targets. We established the dynamic range for each virus by analysis of up to 3,000,000
copies per reaction. The precision of the ViraQuant™ system was assessed in a multi-
parameter experiment at 4 levels of each target on 4 instruments with 4 operators over 2
months (n=28).
A small patient cohort (n=19), on whom molecular CMV analysis had been ordered, was
analyzed for each viral target. Sensitivity and specificity for CMV was calculated relative to
the hybrid capture reference method. The distribution of viral load other than from CMV in
these subjects was also noted.
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Figure 2. Overview

Description of ViraQuant™

Multiplex measure of DNA load of five
CMV, EBV, HHVG,

<Highly sensitive and specific for each viral target
«Consolidates testing into a single platform
«Enables a rapid turnaround time
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Figure 3. Typical Data generated by ViraQuant
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Clinical sensitivity for CMV was 85% and specificity was 100% against the results of the
hybrid capture method. Viral DNA from at least one of the other pathogens was found in
75% (6/8) of the patients who were negative for CMV by ViraQuant™.
Conclusion: The ViraQuant™ assay system employs STAR technology to enable
simultaneous quantitative PCR measurement of the viral load of CMV, EBV, HHV6, HHV7
and BK virus. The assay shows excellent analytical performance. A study on a small cohort
of patients shows good concordance with a reference CMV method and highlights the
potential importance of viruses other than CMV and prospects for co-infection. The
ViraQuant™ assay allows for the consolidation of the viral load tests for these five key
pathogens into a simplified, cost-effective method.

and zif268 (closed squares) were reconstructed by plotting the area under each peak against cycle number.
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ViraQuantTM: Analytical Validation

Figure 9. ViraQuant™: Clinical Proof of Concept Clinical samples

INTRODUCTION
Introduction of effective immunosuppressive drugs in the 1980’s has had a profound impact
on the success of organ Post-f i therapy is complex
and usually includes a of drugs and app based on a patient's individual
situation and the organ transplanted. Side effects from drug-induced immunosuppression
are common, including i ious disease licati Nearly half of new transplant
patients are diagnosed with infections, typically viral, in the first 3 to 6 months. These viral
infections can pose grave consequence for transplant patients including allograft rejection.
Viral infections can results from transmission from the donor tissue, exposure to the
environment or reactivation of the patient’s own latent viruses. The viruses of most concern
to transplant physicians vary with the organ transplanted, although certain viruses such as
irus (CMV) and Epstein-Barr virus (EBV) are of universal concern. Whereas
the polyoma viruses such as BKV, (HHV) 6 and 8 can be problematic for kidney transplant
patients.
We have developed ViraQuant™, a STAR technology based nucleic acid diagnostic that
simultaneously detects and quantifies the levels of five viral targets critical to the transplant
patient. STAR combines the desirable traits of both real-time PCR (precision, sensitivity
and quantification) and DNA microarray (multiplexing) into a single system. STAR
P an innovative i ion of real-time i PCR and capillary

electrophoresis (CE), allowing the si quantitative of multiple
targets in a single sample with high sensitivity. Because CE allows accurate size
determination of fluorescently labeled nucleic acids from 50 to 1000 bases with the single
base resolution, assays can be developed for dozens of targets whose identities are defined
by the specific size of its corresponding PCR product, while maintaining quantification
capabilities equal to or better than those observed with established real-time PCR methods.
There are certain practical considerations such as primer design that will contribute to the
upper limits of i ing for the STAR technology. STAR is fast, cost-effective, and has
a large dynamic range.

The ViraQuant™ assay has been designed to quantify viral load of CMV, EBV,
BKYV, HHV6 and HHV7 from either plasma or whole blood samples. We have determine
that the Limit of Detection is ~20 copies/reaction. The lower and upper Limits of

ion range from 60 copi ion at the low end to > 3,000,000 copies/reaction,
respectively. We also present data that demonstrates that several serum and blood
and drugs ly used in i promised individuals do not

significantly affect the assay. Further studies demonstrate that the presence of DNA isolated
from related viruses or a cohort of nosocomial microorganisms do not interfere
ViraQuant™. Analysis of serially diluted samples harboring all five viral targets
demonstrate excellent linearity from 500 to 3,000,000 copies/mL plasma. Precision studies
demonstrate >30% CVs from 250 to 500,000 copies/reaction. Finally, a small study that
compares determination of CVM viral load as determined by Hybrid Capture or
ViraQuant™, 91% clinical sensitivity and 100% sp . Finally, 83% of
samples that were negative for CMV as determined by hybrid capture were determined to be
positive for at least one additional viral target as determined by ViraQuant™ demonstrating
utility.

Figure 4. ViraQuant™ Precision ViraQuant™ shows excellent precision demonstrating %CVs between 8 and 24% between
copy numbers of 250 and 500,000 per reaction. Samples were prepared that were spiked with all five viral targets at varying levels
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Figure 8. Linearity ViraQuant™ shows good linearity between 500 and 3,000,000 copies/mL plasma for CMV,

EBV, BKV, HHV6 and HHV7 “High” viral target samples
were created by spiking plasma matrix pools to yield a result 20 to
30% beyond the expected linear range of the assay (1,000,000 viral
copies/mL). The “high” viral target samples were prepared by
spiking plasma matrix with either purified viral particles (CMV,
EBV, HHV6) or purified genomic DNA (BK, HV7). Beginning at
3,000,000 copies/mL, the high viral target sample were serially
diluted in half-log steps to a final concentration of 500 copies/mL..
The relative concentration (X — level number) versus the mean
measured concentration (Y) is plotted for cach sample. The data was
fit to a polynomial regression and the number of levels
(corresponding to the concentration range) included in the regression
was decreased systematically until the non-linear coefficients in both
a second and third order polynomial are not significant within a 95%
confidence interval (p > 0.05). The polynomial regressions was
completed using Analyze-It software. The high and low
levels/concentrations at which the non-linear coefficient is found not
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to be significant is considered the lincar range according to that
particular sample.
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Conclusions

<“+ViraQuant™ is highly sensitive and specific for detection
and quantification of five viral targets: CMV, EBV, BK,
HHV6 and HHV7

#Precision studies demonstrate better than 30% CVs over a
wide dynamic range: 250 and 500.000 copies/reaction
“»ViraQuant™ shows excellent linearity from 500 to
3.000.000 copies/mL plasma

“#Not affected by compounds commonly found in patient
blood samples

“»No cross reactivity to common human pathogens or other
closely related viruses

<“+ViraQuant™ shows excellent clinical sensitivity (86%) an
specificity (91%) compared to CMV Hybrid Capture assay




