A novel nucleic acid simplification procedure capaple of detecting multiple

strains of botn DNA and RNA viruses In a single reaction

Ntroauction:

A rapid and sensitive assay that is able to specifically detect a range of clinically important DNA and RNA viruses
from a single sample would be of enormous benefit to the healthcare sector. Molecular diagnostic assays are
of particular importance when the infectious agent is unable to be grown in conventional culture, such as for
Human Papilloma Virus (HPV). However, the design of these molecular assays can be technically challenging as
many pathogens contain diverse subtypes that can all be involved in diseases, such as in the many genotypes
or serotypes of HPV, HCV and enteroviruses. We have developed an assay that successfully and specifically
detects a wide range of DNA and RNA viruses. The viral discrimination is achieved through the conversion of the
viral nucleic acid with sodium bisulphite.

Treatment of DNA with sodium bisulphite results in the chemical conversion of all unmethylated cytosines to
thymine via a uracil intermediate, effectively converting a 4 base genome into a 3 base genome. This technology
can be utilised to reduce the complexity of the genome of different organisms or strains so that they are more
similar to each other, thus facilitating the detection of multiple organisms/strains in a single PCR reaction without
the need for multiplexing. However, treatment of RNA with sodium bisulphite under the same conditions results
iIn complete degradation of the RNA and is of no clinical utility. We have developed a new method for the
simplification of RNA using sodium bisulphite. An example of how simplification can be applied to the detection
of different HCV strains is shown in Table 1.

Detection of different HCV strains by DNA simplification

HCV assay: HCV RNA samples were obtained from Acrometrix (OptiQual HCV high positive control), or BBI
diagnostics (HCV RNA linearity panel PHW804, and Worldwide HCV genotype panel WWHV302) and purified
with the QiaAmp Ultrasens Viral purification kit according to the manufacturer’s instructions (Qiagen). Blinded
clinical samples were obtained from a local hospital and purified as above. Samples were treated with sodium
bisulphite, desulphonated and 11pl of the converted HCV RNA samples were reverse transcribed with Superscript
Il reverse transcriptase (Invitrogen) or iScript reverse transcriptase (Biorad) using modified random primers. One
tenth of the cDNA was then subjected to PCR amplification with primers specific for converted HCV RNA. PCR
was performed in 50pul reactions using 1.5X Promega master mix and 100ng each of forward and reverse primers
and cycled at 95°C, 3 mins; [95°C, 10 secs; 53°C, 1 min; 68°C, 1 min] x40 in a Hybaid PX2 thermal cycler.

DNA viruses: Epstein Barr virus (EBV), Hepatitis B virus (HBV), Human simplex virus-1 and -2 (HSV-1, HSV-2) and
Cytomegalovirus (CMV) positive controls were purchased from Acrometrix (Acrometrix Corporation, CA, USA).
DNA was purified using the QiaAmp Ultrasens viral extraction kit as per the manufacturer’s instructions (Qiagen).
The DNA was diluted to represent a range of viral concentrations and the samples were then bisulphite modified
using the Human Genetic Signatures MethylEasy Xceed™ kit (Sydney, Australia) as per the manufacturer’s
Instructions, with the exception that the bisulphite was removed by isopropanol precipitation instead of column
purification. 2ul of each sample was amplified using viral-specific primers in a one round or nested PCR reaction.
First and second round PCRs were performed in 50ul reactions as above using 30 cycles of PCR with annealing
temperatures between 55-60°C. 20ul of each sample was electrophoresed on a 2% precast agarose e-gel
(Invitrogen).

RNA viruses: Human Immunodeficiency Virus (HIV-1) and Enterovirus (EV) positive controls were purchased from
Acrometrix (Acrometrix Corporation, CA, USA). RNA was purified, bisulphite converted and reverse transcribed

In order to ensure that our strategy was able to detect all common HCV genotypes, we evaluated the ability of
our assay to detect a range of HCV genotypes present in the BBl Worldwide performance/genotyping panel.
This panel consists of naturally occurring plasma specimens from diverse geographical locations with differing
viral loads. The results are given in Figure 2 and clearly show that all the major genotypes present in this panel
are detected in bisulphite converted samples using our assay. In addition, genotyping can be performed by
sequencing as there is sufficient heterogeneity remaining in the samples post simplification.
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as described for HCV. Nested PCR amplification and gel analysis was carried out as already stated using 40

Table 1: Consensus sequence of HCV genotypes before and after RNA simplification. The simplification has
resulted in an increased homology from 66% to 89%.

To demonstrate the performance of our assay, we have validated it using a series of commercially available HCV
performance, linearity, genotyping panels and finally on a blinded panel of 138 clinical samples.

We have also developed a single tube broad-range assay that successfully detects all High Risk HPV (HR-HPV)
sub-types (16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59 and 68). The assay was used during a clinical trial that
compared the sensitivity (false negative) and selectivity (false positive) rates of the hcll HPV DNA test (Digene
Corp., USA) against our HR HPV DNA Test using PreservCyt Solution (Cytyc Corp., Marlborough USA) specimens
obtained from the ThinPrep® Pap Test™.

Furthermore, we have developed prototype assays to detect a range of additional DNA and RNA viruses, including
HBV, HSV-1, HSV-2, CMV, EBV, HIV-1 and EV.

Nethods:

HPV assay and clinical trial: The clinical trial was performed by the South Eastern Area Laboratory Services
(SEALS) of the Prince of Wales Hospital, Randwick, NSW, Australia (Principal Investigator: Prof. William Rawlinson).
The study design was a double blind, controlled, crossover, comparative study of the sensitivity (false negative)
and selectivity (false positive) rates of the hcll Human Papillomavirus DNA Test (Digene Corporation, USA) versus
the Human Genetic Signatures HR-HPV DNA Test (as compared to the MYO9/MY11 and the GP5+/GP6+ L1
PCR based “Gold Standard PCR Test” involving genotyping via sequencing). Both tests were performed exactly
as per the recommendations of the manufacturer or according to the literature. The primary endpoint of the
study was the Positive Predictive Value of each test in determining the presence of High Risk HPV in a sample.
Sensitivity, Specificity and Negative Predictive Value were secondary endpoints. A total of 834 samples were
analysed during the trial.

GP primer sets) for 834 cervical specimens. PPV = positive predictive value; NPV = negative predictive value;
*0<0.001 by two-tailed student’s t-test comparing result with HGS and Digene hcll tests for detection of HPV
in cervical samples. C. Baleriola, D. Millar et al, J. Clin. Microbiol. (2008)

HCV assay: An example of the results obtained when using our RNA bisulphite conversion RT-PCR assay is
shown in Figure 1. The results of the linearity panel and dynamic range demonstrate that there is good sensitivity
for the detection of HCV viral RNA, using our simplification method, ranging from 1 562 500 |U down to 23 U,
llustrating that the assay can detect viral RNA over a very broad range of concentrations.
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Figure 1: A HCV linearity panel from BBI diagnostics or a dynamic range of HCV RNA concentrations from 39 U
to 1 562 500 IU/mL were purified from Acrometrix Optiqual HCV high positive control, bisulphite converted, reverse

transcribed and 1/10th of the cDNA subjected to PCR. The legend indicates the amount, in [U, of HCV RNA
equivalence in the PCR. The O indicates a serum negative full process control. NTC is a PCR negative control.
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Figure 3: Selection of the results from the blinded clinical samples assayed for HCV RNA by either the Bayer

Versant HCV RNA 3.0 or Roche AMPLICOR HCV RNA 2.0 test and the HGS HCV assay.

Assays for other DNA and RNA viruses: Subsequent to the success of our assay in the sensitive and specific
detection of HPV and HCV, we assessed our ability to detect a range of other DNA and RNA viruses. Commercially
available samples of HBV, CMV, HSV-1, HSV-2, EBV, HIV-1 and EV were obtained and subjected to our simplification
technology. A range of concentrations for each virus were purified, simplified and PCR amplified using virus-
specific primers. The results of these prototype assays are shown in Figure 4.
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We have demonstrated that nucleic acid simplification to reduce the 4 lbase genome to 3 bases is a novel
method that enables the detection of multiple viruses. The simplification material still retains sufficient sequence
heterogeneity to allow for genotyping or specific species detection. Our technology is adaptable to any nucleic
acid detection methods, including isothermal and real-time detection.

Our High Risk HPV detection assay has demonstrated a statistically significant higher Positive Predictive Value
(P<0.001), lower rate of false positives (P<0.001) and greater specificity (P<0.001) as compared to the only FDA
approved test for HPV detection (the Digene hcll test). This was achieved at a similar level of sensitivity as there
was no statistically significant difference between the tests in terms of Negative Predictive Value.

We have developed a novel assay for detecting all strains of HCV based on simplification of the RNA by sodium
bisulphite. Bisulphite modification of RNA has not been achieved previously due to the complete degradation of
the RNA but our assay has overcome this hurdle. This assay is quick and easy to perform and results in sensitivity
over a broad range of HCV concentrations ranging from 1 562 500 |[U/mL down to 23 [U HCV/mL. Furthermore,
our assay can simultaneously detect all major genotypes of HCV including 1a, 1b, 2a/c, 3a, 3b, 4a, 5a and 6a
from a wide range of geographical locations.

The HGS HCV assay was used to assess a blinded panel of 138 clinical samples and was shown to perform
well relative to the Bayer Versant HCV RNA 3.0 test and the Roche COBAS AMPLICOR 2.0 test with 132/138
(96%) samples in agreement. Of the six discordant samples, four were positive by the HGS HCV assay, and the
presence of HCV in the samples was confirmed by sequencing, indicative of an increased level of sensitivity of
our assay in comparison to the other tests.

HGS simplification technology has also been successfully applied to the specific and sensitive detection of a
range of other medically important DNA and RNA viruses including HBV, HSV-1, HSV-2, EBV, CMV, HIV-1 and
EV. Multiplexing to detect a range of viruses in a single reaction should also be easily achievable and will make
the HGS assay a versatile tool in the molecular diagnostics industry.




