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DETECTION OF HEPATITIS B VIRUS 

BACKGROUND OF THE INVENTION 

PCT/US98/26404 

The present invention relates to the field of detection assays of 

viruses in.general and more particularly relates to improved detection of 

5 hepatitis B virus. 

Hepatitis B virus (HBV). formerly termed serum hepatitis, is a 

member of a group of small DNA-containing viruses that cause persistent 

noncytopatbic infections of the liver, is an infectious agent of humans that is 

found worldwide and which is perpetuated among humans in a large 

1 O reservoir of chronic carriers. It is estimated that about 6 to 7% of the earth's 

population is infected (300 million carriers) .. HBV infection in humans can 

cause severe jaundice, liver degeneration and death. HBV enters 

· predominantly by the parenteral route, has a characteristic incubation period 

·of 60 to 160 days. and may persist in the blood for years in chronic carriers. 

15 The prevalence of the infection is not uniform throughout the world. There 

is a geographic gradient in distribution ofHBV. It is lowest in North 

America and Western Europe, where the vims can be detected in 0.1 to 0.5% 

·of the popUlation. andhighest in Southeast Asia and sub-Saharan Africa, 

where the frequency of infection may vary from 5 to 20% of the population. 

20 This skewed distribution parallels that ofhepatocellular carcinoma and 

provides strong epidemiologic evidence for an association between chronic 

· · · HBV infection arid this type of malignancy. 

Hepatitis B is of great medical importance because it is probably the 

most common cause of chronic liver disease, including hepatocellular 

25 · · carcinoma in hUm.ans. Infected hepatocytes continually secrete viral 

· particles that accumulate to high levels in the blood. These particles are of 

two types: (i) noninfectious particles consisting of 22 nm spheres and 

filaments of excess viral coat protein (HBs.Ag) and containing no nucleic 

acid (in concentrations of up to 1013 particles/ml blood) which are referred to 

30 as the Australian antigen (AU), and (ii) infectious. DNA-containing particles 

(Dane particle nucleocapsids) consisting of a 28 run nucleocapsid core 

(HBcAg) around which is assembled an envelope containing the major viral 

coat protein, carbohydrate. and lipid, present in lower concentrations (109 
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particles/ml blood). The human hepatitis B virus is a member of the 

Hepadna V.uidae family, with close relatives including. woodchuck hepatitiS 

virus (WHV), duck hepatitis virus (DHV}, and ground squirrel hepatitis virus 

(GHV) (Robinson, 1990). Like retroviruses, the hepadnavirus utilizes 

5 reverse transcription of its 3.2 Kb DNA genome (Pugh, 1990). The genome 

of hepatitis B virus is circular and partially single-stranded, containing an 

incomplete plus strand. The incomplete plus strand is complexed with a 

DNA polymerase in the virion which has been shown to elongate the plus 

strand using the complete minus strand as the template. These 

I 0 morphological and structural features distinguish hepatitis B viruses from all. 

known classes of DNA-containing viruses. 

The replication cycle of hepatitis B viruses is also strikingly different 

from other DNA-containing viruses and· suggests a close relationship with 

the RNA-containing retroviruses. The principal unusual feature is the use of 

15 an RNA copy of the genome as an intermediate in the replication of the DNA 

genome. Infecting DNA genomes are converted to a-double-stranded form 

which serves as a template for transcription of RNA. Multiple RNA 

transcripts ·are synthesized from each infecting genome, ·which either have 

messenger :function or DNA replicative function. The latter, termed "pre-

20 genomes, 11 are precursors of the progeny DNA genomes because they are 

assembled into nucleocapsid cores and reverse-transcribed into DNA before 

coating and export from the cell. Thus each mature virion contains a DNA 

copy of the RNA pre-genome and a DNA polymerue. 

The first DNA to be synthesized is of minus strand polarity and is 

25 initiated at a unique site on the viral genetic map. Very small nascent DNA 

minus strands (less than 30 nucleotides) are covalently linked to a protein, 

and are likely to act as primer for minus strand DNA synthesis. Growth of 

the minus strand DNA is accompanied by a coordinate degradation of the 

pre-genome so that the product is a full-length single-stranded DNA, rather 

30 than an RNA:DNA hybrid.· Plus strand DNA synthesis has been observed 

only· after completion of the minus strand, and initiates at a unique site close 

to the 5' end of the minus strand. Complete elongation of the plus strand is 

not a requirement for coating and export of the nucleocapsid cores, thus most 
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(Mracellular virions contain incomplete plus strands and a large single­

stranded gap in their genomes. Because the hepatitis virus genome is 

autonomous and does not utilize a DNA-to-DNA pathway for its replication, 

continuous intracellular replication of its genome is essential for the 

5 maintenance of the virus. 

HBV is detected by immunologic techniques such as immune 

electron microscopy, complement-fixation, immune adherence, ·enzyme­

Iinked immunosorbent assay (ELISA) or radioimmunoassay (RIA). All 

blood for transfusion must be screened for HBV to prevent transmission of 

10 the virus to blood recipients. Early detection of HBV in infected patients is 

also important because exposure to blood or objects potentially contaminated 

with blood or even body excretions may cause infection. 

Conventional HBV DNA assays test for the presence of hepatitis B 

virus genomic DNA in human serum using a full genomic (3.2 Kb) RNA 

15 probe. For HBV DNA testing a quantitative assay woul4 be particularly 

advantageous because the level ofHBV DNA in serum correlates with 

severity of liver disease. Aquantitative HBVDNA test would be useful for 

monitoring chronic carriers of HBV. For example, the effectiveness of 

antiviral therapy such as that described by Hoofuagle et al., J. Hepatol. 

20 1 l:SIOO (1990), can be assessed more easily with an improved detection 

assay. 

In summary, there is a need for a hybridization assay for clinical 

diagnosis and quantitative analysis of viral infections, especially HBV, and 

genetic mutational defects, that is economically feasible for screening large 

25 numbers of samples with great sensitivity. 

It is therefore an object of the present invention to provide a 

cost-effective, sensitive, assay for the detection of viral nucleic acids in a 

sample. 

It is a further object of the present invention to provide a cost-

30 effective, sensitive, assay for the quantitation of nucleic acids in a sample. 

It is a further object of the present invention to provide an assay in 

which sample preparation is simple and rapid. 
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It is a :further object of the present invention to provide an assay in 

which sample preparation does not involve extractions, or other time­

consuming purification methods. 

It is a further object of the present invention to provide an assay 

5 having minimal false positives. 

· It is a further object of the present invention to provide an accurately 

quantitative test for monitoring the level of virus in a viral infection. 

It is a :further object of the present invention to provide a sample for 

an assay that allows for an assay with a lower detection limit 

10 It is a further object of the present invention to provide a kit that can 

be used to screen large .numbers of samples for microbial and viral 

infections. 

BRIEF SUMMARY OF THE INVENTION 

·An improved assay is disclosed for detecting viral nucleic acid 

15 sequences. The improvement involves concentrating viral particles from a 

biological sample by centrifugation. Once concentrated .. the nucleic acid 

molecules in the viral particles can be manipulated or detected using any 

suitable procedure. Many such procedures are known and can be used with 

the concentrated viral nucleic acid molecules. Preferably, the concentrated 

20 viral nucleic acid is detected using a detection assay. A preferred form of the 

disclosed assay is performed generally as follows. A test sample of blood is 

collected with a chemically inert device and serum is separated. The serum 

is subjected to a centrifugation step which concentrates the viral particles. 

This step has a significant effect on the accuracy and sensitivity of the 

25 subsequent detection assay. The reconstituted, concentrated sample is then 

treated with a base. The treated sample is incubated with nucleic acid 

probes, diluted in a neutralizing buffer, that are specific for target nucleic 

acid sequence, such as HBV DNA sequences, for a sufficient amount of time 

to allow hybridization of the sample nucleic acid sequence to the probes. 

30 The hybrids are then bound to anti-hybrid antibodies immobilized on a solid 

phase. Non-hybridized probe is removed, preferably by incubating the 

captured hybrids with an enzyme, such as RNAase, that degrades non­

hybridized probe. Hybridization is detected by conventional means such as a 
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direct labelled anti-hybrid antibody, a labelled antibody specific for an 

unlabelled anti-hybrid antibody, a direct labelled probe or a modified probe 

.for which a labelled antibody is specific. 

For detection of amplification reaction products, the sample is 

5 collected as described above and nucleic acid sequences are amplified by a 

nucleic sequence amplification method, such as the polymerase chain 

reaction (PCR), using a ligand-bound primer, such as a biotinylated primer. 

The amplification product is denatured with base and hybridized to 

unlabelled RNA probe in neutralizing buffer as described above. The 

10 hybrids are bound to a solid. phase that has been coated with a, ligand that is 

complementary to the ligand bound to the primer, such as avidin, and are 

detected by conventional means as described above. 

The concentration step provides a method to concentrate HBV, or 

other, virions and can be used in combination with any assay to improve 

15 sensitivity. 

DETAILED DESCRIPTION OF THE INVENTION 

An improved assay is disclosed for detecting viraJ nucleic .acid 

sequences. The improvement involves concentrating viral particles from a 

· biological sample by centrifugation. Once concentrated, the nucleic acid 

20 molecules in the viral particles can be manipulated or detected using any 

suitable procedure. Many such procedures are known and can be used with 

the concentrated viral nucleic acid molecules. Preferably,. the concentrated 

viral nucleic acid is detected using a detection assay. A preferred form of 

detection assay is a hybrid capture assay, a preferred example of which is 

25 described in WO 93/10263. This preferred form of the disclosed assay is 

" ·performed generally as follows. 

A sample of blood is collected and the serum is separated. The serum 

is subjected to a centrifugation step to concentrate the viral nucleic acid 

using a precipitation buffer. The sample is then subjected to alkaline pH to 

30 denature and, if necessary, nick the nucleic acids in the sample. The treated, 

or hydrolyzed, target nucleic acids are hybridized to a probe or group of 

probes diluted in a neutralizing buffer. Most preferably, the target nucleic 

acids are DNA and the probe is a complementary RNA sequence. 
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An anti-hybrid antibody, either polyclonal or monoclonal, is 

immobilized on a solid phase such as a test tube or polystyrene bead. It will 

be understood by those skilled in the art that the immobilized antibody can 

be 

5 bound directly to the solid phase or indirectly by use of a primary binding 

antibody or protein, such as streptavidin or protein G, that is bound to the 

solid phase and which subsequently binds the anti-hybrid antibody, a 

derivatized anti-hybrid antibody, a functional fragment ofthe anti hybrid 

antibody, or a derivatized functional fragment of the anti;.hybrid antibody. 

10 Any solid phase such as plastic or glass microparticles, beads, dip-sticks. test 

tubes or microtiter plates ca.Ii be used. 

The hybridized sample is placed in the antibody-coated tube fur a 

sufficient amount. of time to allow binding or capture of the hybrid by the 

anti-hybrid antibody. An enzyme that digests single-stranded RNA or RNA-

15 RNA hybrids, such as an RNAase is then added to the sample to eliminate 

any non~hybridized probe. Most preferably, the RNAase and a hybrid 

detection means, described below are combin~d as a single reagent. 

Alternatively, non-hybridized probe can be removed by washing the sample. 

Hybridization is then detected by conven,tional means well known in 

20 the art such as with a direct labelled polyclon~ or monoclonal antibody 

specific for the hybrid, a labelled antibody specific for an unlabelled anti­

hybrid antibody, or the RNA probe or probes can be directly labelled, or 

modified and detected with a labelled antibody specific for the modified 

probe; Most preferably, the label is an enzyme, a fluorescent molecule or a 

25 biotin-avidin conjugate and is non-radioactive. The label can then be 

detected by conventional means well known in the art such as a colorimeter, 

a luminometer or a fluorescence detector. 

A second preferred embodiment of the hybridization assay, for 

detection of amplified nucleic acid sequences, is performed generally as 

30 described above with the following modifications. 

Primers for amplification of the nucleic acid sequences of interest 

contained in the sample are attached to a ligand, such as biotin. Preferably, 

for PCR amplification, 51-biotinylated primers are synthesized or purchased 
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from commercially available sources such as National Biosciences, inc. 

(Plymouth, MN). 

Prior to treatriient with alkalin~ pH as described above, nucleic acid 

sequences in the sample are amplified,. using the ligand-bound primers, in 

S accordance with conventional amplification methods as described in more 

detail below. The resulting amplification products are then subjected to 

alkaline pH and are hybridized to a probe or group of probes as described 

above. 

Instead of coating the solid phase with an anti-hybrid antibody as 

IO described above, the solid phase is coated with a ligand complementary to 

the ligand that is attached to the primer. For example, if the primer is 

bioti.nylated, then the solid phase is coated with a complementary ligand such 

as streptavidin. Most preferably, streptavidin-coated microtiter plates are 

used. These plates may be coated passively or purchased commercially from 

15 Xenopore (Saddle Brook, NJ) or prepared using the methods outlined below 

for immobilization of anti-hybrid antibody. 

Sample Collection and Concen.tration 

A blood sample is collected with a syringe, and serum is separated by 

conventional means. The serum sample, between about 0.5 to I ml, is added 

20 to about 50µ1 precipitation buffer in a sample preparation centrifuge tube. 

The precipitation buffer is a buffered ·solution containing 0.44 µm 

polystyrene beads, 10 mM Tris·Cl and I mM EDTA and preferably includes 

color beads that allow visua.lmltion of the resulting centrifuged pellet. The 

tubes are mixed by inverting 5 to 6 times. The specimens and control are 

25 centrifuged at 4° C for the time required to concentrate the target nucleic 

acid, as determined according to the equation described in the next section. 

Immediately after centrifugation the supernatant is carefully 

removed, without disturbing the pellet, using a small, thin-tipped plastic 

transfer pipette. The supernatant is discarded into a sodium hypochloride 

30 solution. 25 to 50 ~of previously tested target nucleic acid negative serum 

is added to resuspend the pellet, the volume depending upon whether the 

sample will be further processed in a sample preparation microplate or a 

hybridization tube. For the tube the pellet should be reconstituted in the 
7 
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larger volume. The tubes are mixed on a vortex on medium setting for 

approximately 60 seconds or until completely dissolved. The tubes are 

quickly spun in a micro:fuge to bring all of the volume down. 30µ1 of the 

reconstituted pellet is added to the sample preparation microplate or 50µ1 to 

S the hybridization tubes. 

Calculation of Centrifugation Conditions 

Sedimentation time of a molecule in a particular rotor haVing a radius 

r and rotating at an RPM can be calculated if the sedimentation coefficient 

for the molecule is known. See The Tools of Biochemistry, Cooper, (1977). 

l O The sedimentation coefficient, s, most commonly expressed as Svedberg 

units (S) (10-13 seconds) can be calculated from equation 1: 

(1) 

where <I> is the volume of the particle in cm3
, p, is the density ofthe particle 

in g/cm3
, Pm is the density of the medium in g/cm3

, and f is the frictional 

15 coefficient in g/sec. The frictional coefficient depends upon the size and 

shape of the m.olectile and the viscosity of the medium through which it is 

moving. 

The sedimentation time can be calculated from equation 2: 

7
_I(lnr,-lnro) 

s ol 

(2) 

20 where r1 is the radius of the rotor at the bottom of the rotor and ro is the radius 

at the top of the rotor, and co is the angular velocity in radians. co can be 

calculated from equation 3: 

m= ?r(rpm) 
30 
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From these formulas and principles, the following equation 4 can be 

used to calculate the time needed to sediment a viral particle of interest from 

a biological sample. 

. T 1 (lnr,-lnro) 

s(O.I047•RPM / 

(4) 

5 where s is the sedimentation coefficient, ft is the rotor bottom radius, ro is the 

rotor top radius, RPM is the revolutions per minute of the rotor, and T is the 

tlme in seconds. In general, it is preferred that the highest spin rate be used 

since this will minimize the time needed for centrifugation. The equation 

above can be adapted to any rotor by using the applicable radius values. It is 

10 preferred that the spin rate in RPM be greater than 15,000, and it is more 

preferred that the spin rate be greater than 20,000. 

The physical characteristics ofHBV, including the sedimentation 

coefficient of the HBV viral particle (referred to as the Dane particle 

nucleocapsid) are summarized in the follo'Wing Table I. The sedimentation 

15 coefficient is used with the formula above to determine the time needed for 

centrifugation of the biological sample. 

Tablet 

AU (Australian antigen) Dane Particle 

Dane Particles Nucleocapsid 

Shape· filaments spherical and particulate 

filami:.nts 

Size (diameter} 22nm 42nm 28nm 

Length so~1ooonm Various 

Sedimemation coefficient 40-548 nos 
Buoyant Density in CsCl 1.18-1.22 glcm 1.24-1.27 glcm 1.30~1.36 ~cm . 

Using the sedimentation coefficient of 11 OS (that is, 110 X 10·13) for 

20 · the Dane particle nucleocapsid, and a Heraeus Contifuge 28RS with a 28RS 

rotor (25000-3 8000 x g), having a bottom rotor radius of 7.3 cm and a top 

rotor radius of5.3 cm, at an RPM of22,000 (38,000 g) the calculated time 

for a Dane particle core to be pelleted would be 110 .minutes. 

Sample Hydrolysis 
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. 
The concentrated, reconstituted sample is treated with a base to 

hydrolyze the target nucleic acid and render it accessible. Nucleic acids are 

denatured and, if necessary, nicked by incubating the sample and collection 

device, if present, in 0.1 to 2.0 M base at 20 to 100°C for S to 120 minutes. 

5 Preferably, treatment is achieved with 0.2 to 0.8 M NaOH, or a similar base 

such as KOH, at 60-700C for 30 to 60 minutes. Most preferably, the sample 

is incubated in 0.415 M NaOH at 65°C for 45 mjnutes. Appro:Ximately one 

volume of sample is treated with one-half volwne, of base, also referred to 

herein as the hydrolysis reagent. The pH will be approximately 13. This 

10 basic pH will both nick and denature a majority of the nucleic acid in the 

specimen. In addition,· base treatment disrupts interactions between peptides 

and nucleic acids to improve accessibility of the target nucleic acid. degrade 

protein, and liquify mucous. Base treatment of protein and mucous 

effectively homogenizes the specimen to ensure reproducibility of analysis 

15 results for a given sample. Base treatment also reduces the viscosity of the 

sample to increase kinetics. homogenize the sample, and reduce background 

by destroying any existing DNA-RNA or RNA-RNA hybrids in the sample. 

Itis believed that base treatment also inactivates enzymes such as RNAases 

present in the sample that could potentially degrade RNA probes used in the 

20 · assay. 

Amplification 

The nucleic acid sequences to be detected in the sample can be 

amplified in accordance with methods well known to those skilled in the art, 

prior to hydrolysis. Amplification is especially useful when the sample 

25 contains only trace amount& of the nucleic acid sequences to be detected. 

Methods of amplifying nucleic acid sequences are commercially available. 

Examples of applicable amplification systems that currently exist or are 

being developed include polymerase chain reaction (PCR), PCR in situ, 

ligase chain reaction (LCR); ligase hybridization, Q_ bacteriophage 

30 replicase, transcription-based amplification system (T AS), genomic 

amplification with transcript sequencing (GA WTS) and nucleic acid 

sequence-based ampJification (NASBA). General reviews of these methods 

have b~en prepared by Landegren, U., et al., Science 242:229-237 (1988) and 
10 
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Lewis, R., Genetic Engineering News IO: 1, 54-55 (1990). PCR technology 

is described in PCR Protocols A Guide to Methods and Applications by 

Michael A. Innis, David H. Gelfand, John J. Sninsky and Thomas J. White, 

pp. 39-45 and 337-385 (Academic Press, Inc., Harcourt Brace Jovanovich, 

5 Publishers, 1990). PCR technology.is also described by Marx, J.L., Science 

140:1408-1410 (1988) and in U.S. Patent Nos. 4,683,195 and 4,683,202, to 

Mullis. Ligation amplification reaction is described by Wu, D. Y. and 

Wallace, RB. Genomics 4:560-569 (1989) and Barringer, K.J., et al., Gene 

89: 117-122 (1990). Transcription based amplification reaction is described 

10 by Kwoh, D.Y., et al., Proc. NatL Acad. Sci. USA 86:1173-1177 (1989). 

These methods have the advantages of high sensitivity, but the 

disadvantages of being prone to false-positive results :from reaction product 

contamination. For improved detection of amplified target nucleic acid 

sequences, a primer or primers, to which a ligand is attached, are used in 

15 accordance with the second preferred embodiment of the hybridization assay, 

The ligand is attached to the primer by conventional methods well known to 

those skilled in the art such as those described below for immobilization of 

anti-hybrid antibody to a solid phase. Alternatively, a commercially 

available ligand-bound primer is purchased froJTI a supplier such as National 

20 Biosciences, Inc. (Plymouth, Iv.IN). 

PCR using one primer is described by Loh, E.Y., et al .• Science 

243 :217 (1989). This technique is often used with cDNA (DNA derived 

from messenger RNA by reverse transcriptase). There are also asymmetric 

PCR systems and other methods that use one primer or vast excess of one 

25 primer. These methods generate mostly single-stranded DNA, suitable for 

direct sequencing. Single primers can also be used with random hexamers (a 

degenerate mixture of all or most of the possible DNA hexamers) so that at 

least one hexamer will act as a second primer by hybridizing somewhere 

along the sequence at a distance from the first prim.er. 

30 PCR in situ. is the use of PCR amplification on cells or tissue sections 

followed by detection using in situ hybridization. This technique is 

described by Haase, A.T., et aJ., "Amplification and detection oflentiviral 

DNA inside cells". Proc. NatL Acad Sci. (USA) 87:4971-4975 (July 1990). 
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Llgase chain reaction is de8cribed by \Yu. D. Y. and Wallace, RB., 

Genomics 4:560-569 (1989) and Barringer, K.J., et al., Gene 89: 117-122 

(1990). Ligase hybridi2:ation is described by La.ndegren, U., et al, Science 

241:1077~1080 (1988). 

5 The QP bacteriophage replicase system is described by Kramer, P.R. 

and Lizardi, P .M, 11Replicatable RNA reporters", Nature 339:401-402 

(1989); LlZardi, P.M., eta!., "Exponential ainpJitication ofrecoinbinant­

RNA hybridization probes", Bioil'echnology 6:1197-1202 (1988); Lomeli, 

H., et al, ''Quantitative assays based on the use of replicatable hybridization 

10 probes", Clin. Chem. 35:1826-1831 (1989); and Chu, B.C.F., et al, Nucl. 

Acids Res. 14:5591-5603 (1986). TAS is described byKwoh, D.Y., et al, 

Proc. Neill Acad Sci. USA 86:1173-1177 (1989). GAWTS is described by 

Stoflet, E.S., et al, Science 239:491-494 (1988). NASBA is described by 

Compton, J., Nature 350:91-92 (1991). 

15 ·neteci:ion of Concentrated Nticleic Acids ·· 

The concentrated viral nucleic acids cart be detected using any 
suitable process. Many methods of such detection are known and can be 

practiced routinely. The most preferred method for detection of nucleic 

acids is hybridization detection using specific hybridization probes. 

20 Grunstein el al., Proc. Natl Acad Sci. USA 72:3961 (1975) and Southern, J. 

Mol. Biol 98:503 (1975) describe hybridization techniques using 

radioJabelled nucleic acid probes. Nucleic acid hybridization probes have 

the advaD.tages of high sensitivity and specificity oyer other detection 

methods and do not require a viable organism. Hybridization probes are 

25 often labelled with a radioactive substance that can be easily detected. 

The existfug hybridization techniques that utilize radioisotopes to 

label probes introduce additional expenses for disposal of radioactive waste 

products and monitoring of personnel and the workplace for contamination. 

In addition, the short half-life of radioactive compounds such as 32P requires 

30 that fadioaci:ive probes be produced frequently. ·Radioactive nucleic acid 

hybridization is therefore discouraged in commercial areas such as clinical 

diagnosis. 
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Probes have been indirectly labelled in an attempt to avoid the 

problems associated with direct radioactive labelling. The most common 

method of indirect labelling is to attach biotin, a small vitamin, to the nucleic 

acid using a chemical or enzymatic technique. Following hybridization, the 

S biotin is detected by reaction with avidin, an egg white protein which has 

been labelled with an enzyme or tluorocbrome. Bound enzyme can be 

detected by reaction with color-producing substrates and the tluorochrome 

can be seen when reacted with incident light of appropriate wavelength. 

Indirect labelling of hybridization probes with biotin or other haptens often 

10 increases the "hydrophobicity" of the probe. The probe tends to interact non­

specifically with materials other than the complem~tary nucleic acid target, 

· leading to high background. High background reduces sensitivity and 

increases the· likelihood of a false-positive result. Indirect labelling is also 

less sensitive than direct labelling because the labelling density is limited; 

15 only a small fraction of the bases are labelled giving a limiting number of 

sites for signal generation. An increase in the labelling density of a probe 

leads to increased non-specific binding,· higher background, and ultimately, 

failure of the probe to hybridize with its target due to the interference of the 

hapten with base pairing. Indirectly labelled probes are therefore not well 

20 suited to clinical diagnosis. 

Probes can be prepared by methods known in the art. Preferably. the 

method uses non-radioactive RNA probes that can be synthesized or isolated 

in accordance with methods well known in the art as described by Maniatis, 

T .• et al., ·Molecular Cloning: A Laborato:ry Manual, Cold Spring Harbor 

25 Laboratory, Cold Spring Harbor, NY (1989). For example, HBV probes can 

be synthesized from linearized plasmid template using phage T7 RNA 

polym~e obtained from Life Technologies (Gaithersburg, l\ID). 

Preferably, the HBV RNA probes are a mixture of ad and ay 

subtypes. ·ad and ay subtypes are the most common subtypes found in 

30 clinical patients. The probes are preferably single-stranded RNA and 

approximately 3200 bases in length. 

Preferably. the probe is diluted in a probe diluent that also acts as a 

neutralizing hybridization buffer. The diluent is used to dissolve and dilute 

13 
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the probe and also helps restore the sampleto neutral pH, between 

approximately pH 6 and pH 9, to provide a more favorable environment for 

hybridization. Sufficient volume of probe diluent, preferably one-half 

volume, is used to neutralize one and one-half volume of base-treated 

5 sample. Preferably, the probe diluent is a 2-[bis(2-Hydroxyethyl) amino] 

ethane sulfonic acid (BES, Sigma, St. Louis, MO)/sodium. acetate buffer. 

Most preferably, the probe diluent is a mixture of 2 ·M BES, 1 M sodium 

acetate, 0.05% of the antimicrobial agent NaN3, 5 mM of the metal chelating 

agent EDTA, 0.4% of the detergent Tween™-20 and 20% of the 

10 hybridization accelerator dextran sulfate. The pH ·of the probe diluent is 

between approximately 5 to 5 .5. The concentration of each probe in the 

probe diluent is from 1to500 ng/ml. Preferably, the concentration of probe 

is 20 to 200 nglml. Most preferably, the concentration of each probe is 

approximately 75 ng/ml. 

15 After treatment with base, an aliquot is· removed from the sample 

tube and combined with a sufficient amount of probe, dissolved in the above­

described probe diluent, to allow hybridization. Preferably, 150 µ1 of base­

treated sample are neutralized with 50 µI probe diluent. The probes and 

sample nucleic acids are incubated for approximately 5 to 120 minutes at 20 

20 to 80°C to allow hybridization. Preferably, RNA probes and sample DNA 

are incubated for 30 to 60 minutes at 50 to 80°C. Most preferably, the RNA 

probes and DNA in the sample are incubated for 60 minutes at 65°C. 

Hybridization has been detected with the use of an intercalating agent 

such as acridine orange or ethidiuin bromide as described in U.S. Patent No. 

25 4,563,417 to Albarella et al. The intercalating agent becomes inserted 

between hybridized base pairs of probe and sample nucleic acids and causes 

the tertiary .structure of the helix to unwind. An antibody specific for the 

newly formed antigenic deter.mirt.ant created by the intercalating agent and 

the unwound helix is detected by conventional· means. This method lacks 

30 selectivity for the target hybrids because intercalating agents fail to recognize 

specific sequences. Furthermore, the antibodies recognize only the 

intercalating agent/nucleic acid complex, but do not detect a specific 

sequence. Therefore, additional selection or purification steps are required to 
14 
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prevent non-specific signal, making this ~pproach poorly suited for clinical 

diagnosis. 

Preparation of Anti-hybrid Antibodies for Capture 

Hybridization can be detected with the aid of an antibody specific for 

S a labelled probe as described in U.S. Patent No. 4, 743,535 to Carrico. The 

probe is labelled with a detectable substance such as tlavin adenine 

dinucleotide (FAD) or a fluorescent agent. An antibody specific for the 

labelled probe. after it has hybridized to the sample nucleic acid, is detected 

by a biochemical reaction. This method of detection also creates non-

10 · speciffo.binding and the likelihood of false-positive results and is not well 

.. suited for clinical screening. 

Monoclonal antibodies to DNA-RNA hybrids can also be used to 

detect hybridized probes. U.S. Patent No. 4,732,847 to Stuart et al. and the 

publication· of Stuart et al., Proc. Natl. Acad. Sci., USA 78:3751 (1981) 

1 S describe a method of hybridization detection involving a monoclonal 

antibody specific for a poly(A)-poly(dT) duplex. A monoclonal antibody 

specific for DNA-RNA hybrids, secreted by hybridoma HB 8730, is 

disclosed in U.S. Patent No. 4,833,084 to Carrico et al. The isolation of 

anti-DNA-RNA hybridomas has improved the development of assays for 

20 genetic mutations linked to specific defects and the detection of bacterial and 

viral infections. However, ass~ys utilizing these anti-hybrid monoclonal 

antibodies often suffer from a high level of non-specific binding causing 

false positive results. Boguslawski et al., J. Jmmunol. Methods 89: 123-130 

( 1986) developed a hybridization assay using anti-hybrid coated polystyrene 

25 beads isolated on filter paper in an attempt to reduce non-specific binding 

and avoid complicated washing procedures. 

Any anti-hybrid antibodies may be used to capture the hybrid onto 

the solid phase that are specific for a double-stranded RNA/DNA In a 

preferred embodiment of the present assay, a polyclonal anti-RNA/DNA 

30 hybrid antibody is derived :from goats immunized with an RNA/DNA hybrid. 

Hybrid-specific antibody is purified :from the goat serum by affinity 

purification against RNA/DNA hybrid immobilized. on a solid support. 
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. . 

Monoclonal antibody prepared using standard techniques can be used in 

place of the polyclonal antibodies. 

The preferred antibody for capture of RNA/DNA hybrids is prepared 

by the method ofKitawaga, Y. and Stollar, B.D.,MoL Immunology 19:413-

S 420 (1982) or according to the method set forth in U.S. Patent No. 4, 732,847 

to Stuart et al Both polyclonal and monoclonal anti-hybrid antibodies can 

be immobilized on the solid phase in the present assay as described below. 

Immobilization of Anti-hybrid Antibody 

The anti-hybrid antibody is immobilized onto a solid phase such as a 

10 test tube surface. It will be understood by those skilled in the art that a solid 

phase includes polystyrene, polyethylene, polypropylene, polycarbonate or 

any solid plastic material in the shape of test tubes, beads, microparticles, 

dip-sticks or the like. A solid phase also includes glass beads, glass test 

tubes and any other appropriate Shape made of glass. A functionalized solid 

15 phase such as plastic or glass that bas been modified so that the surface 

contains carboxy1, amino, hydrazide or aldehyde groups can also be used. 

Immobilization of the antibody can be direct or indirect. Preferably, test 

tubes are directly coated with anti-hybrid antibody in accordance with 

methods known to those skilled in the art or briefly described below. The 

20 antibody can also be biotinylated and subsequently immobilized on 

streptavidin coated· tubes, or modified by other means to covalently bind to 

the solid phase. Solubilized biotinylated antibody can be immobilized on the 

stteptavidin coated tubes before capture of the hybridized samples as 

described below or in conjunction with the addition of the hybridized 

25 samples to simultaneously immobilize the biotinylated antibody and capture 

the hybrids. 

Most preferably, the antibody is attached to the solid phase in 

accordance with the method ofFleminger, G., et al., Appl. Biochem. Biotech. 

23:123-137 (1990), by oxidizing the carbohydrate portion of the antibody 

30 ·· with periodate to yield reactive aldehyde groups. The aldehyde groups are 

then reacted· with a hydrazid~modified solid phase such as MicroBind-HZ ™ 
microtiter plates available from Dynatech Laboratories (Chantilly, VA). 

Passive coating of the antibody according to the well known method of 
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Esser, P., Nunc Bulletin No. 6 (Nov. 1988) (Nunc, Roskilde, Denmark) is 

also acceptable. 

Alternatively, Ventrex star™ tubes (Ventrex Laboratories Inc., 

Portland, ME) are coated with streptavidin by the method of Haun, M. and 

5 Wasi, S., Ana/; Biochem~ 191:337-342(1990). After binding ofstreptavidin 

the biotinylated goat polyclonal antibody described above, or otherwise 

produced by methods known to those skilled in the art, is bound to the 

immobilized streptavidin. Following antibody binding, tubes can be 

post-coated with a detergent such as Tween ™-20 and sucrose to block 

10 unbound sites on the tube and stabilize the bound proteins as described by 

Esser, P ., Nunc Bulletin No. 8, pp. 1-5 (Dec. 1990) and Nunc Bulletin No. 9, 

pp. 1-4 (JuneJ991) (Nunc, Roskilde, Denmark) and Ansari, et al., J. 

Jmmunol .. Methods 84: 117-124 ( 1985). Preferably, each tube is coated with 

between 10 ng and .100 µg biotinylated antibody. Most preferably each tube 

15 is coated with approximately 250 ng ofbiotinylated antibody. 

·. As discussed above, the solid phase can be coated with functional 

antibody fragments or derivatized functional fragments of the anti-hybrid 

antibody. 

Capture 

20 Hybridized samples are incubated in the anti-hybrid coated tubes for 

25 

a sufficient amount of time to allow captuie of the hybrids by the 

immobilized antibodies. The hybrids are bound to the immobilized 

antibodies by incubation for 5 minutes to 24 hours at 15 to 65°C on a 

platform shaker with a shaking speed of O to 1500 rpm. Preferably, the 

incubation time is 30 to 120 minutes at 20 to 40°C, with shaking at 300 to 

· 1200 rpm. Most preferably, capture occurs with incubation at one hour at 

room temperature with vigorous shaking on a rotary platform shaker with a 

· rotary shaking speed between approximately 300 and 1000 rpm. It will be 

understood by those skilled in the art that the incubation time,·temperature, 

30 and shaking can be varied to achieve alternative capture kinetics as desired. 

Conjugation of Anti-hybrid Antibody 

An antibody, specific for the RN.A/DNA hybrid js conjugated to a 

label for detection of captured hybridized probe by well known conjugation 
17 
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methods. Preferably, an antibody, such as the mouse monoclonal antibody 

deposited with the American Type Culture Collection as ATCC Accession 

number HB-8730, is conjugated to a detectable label such as alkaline 

phosphatase. It will be understood by those skilled in the art that any 

5 detectable label such as an enzyme, a fluorescent molecule or a biotin-avidin 

conjugate ca.Ji be used. 

The antibody conjugate is produced by well known meails such as 

direct reduction of the monoclonal antibody with dithiothreitol, (DTT, Sigma 

Chemical Company, St. Louis, MO) to yield monovalent antibody 

10 fragments. The reduced antibody is then directly conjugated to maleimated 

alkaline phosphatase by the methods oflshikawa· et al., J. Immunoassay 

4:209-237 (1983) and Means, G. and Feeney, R., Bioconj. Chem~ I: 2-12 

(I 990) and the resulting co.rtjugate is purified by HPLC. 

Alternatively, captured hybrid can be detected indirectly using an 

IS unlabelled anti;.hybrid antibody for which a Jabelled antibody is specific. For 

example; the anti-hybrid antloody can be a mouse immunoglobulin that is 

detected by a labelled goat anti..;mouse antibody, 

In addition, captured hybrid can ·be detected by conjugating:the RNA 

probe used for hybridization to a label, such as an enzyme, or to a hapten, 

20 such as biotin that is then detected with a labelled anti-hapten anti.body. 

Excess Probe Digestion and Hybrid Detection 

After capture, any excess·sample is removed from the capture tube, a 

solution preferably containing both a single-stranded RNA digestion enzyme 

such as RNAase at a concentration between 0.01 and 1 m.glml and the above 

25 described conjugated anti-hybrid molecule is added to the tube, and. the tube 

is incubated for approximately S minutes to 24 hours at temperature between 

4 and 45°C. The purpose of the ~A digestion enzyme is to degrade non­

hybridized probe that may be bound to the tube. It is important to remove 

the excess probe because secondary structures in the nucleic acid can be 

30 recognized by the detection means, resulting in elevated assay background. 

Preferably, the enzyme is added at a concentration between 0.05 and 0.5 

mg/ml and is incubated for between I 0 and 60 minutes. Most preferably, the 

enzyme is.RNase A (Sigma, St. Louis, MO) and is incubated with the 
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.captured DNA for approximately 30 minutes at a concentration of 200 

µglml. RNase ID (NCI, Frederick, MD) can also be used. 

The RNase and conjugate are preferably diluted in a conjugation 

buffer that promotes specific antibody-antigen interaction, blocks 

S non-specific binding of conjugate to the capture tube and stabilizes conjugate 

for long-term storage. A preferred buffer contains 0.1 M Tris TM-HCI, pH 

7.5, 0.6 M NaCl to reduce cross reaction ofantibody with other ilUcleic acid 

species, ZnCh and MgC,b for stabilizing alkaline phosphatase, normal goat 

serum to block non-specific interaction of conjugate with the capture surface, 

10 0.25% Tween™-20 to block non-specific binding of conjugate, and sodium 

azide as a preservative .. A preferred wash buffer contains 0.1 M Tris ™-HCI, 

pH 7.5, 0.6 M NaCl, 0.25% Tween™-20, and sodium azide as a preservative. 

Detection of captured hybrid is preferably achieved by binding the 

above-described· conjugated anti-hybrid molecule to the hybrid during this 

15 incubation. Tubes are then washed with the above-described wash buffer to 

remove any excess coltjugate. Preferably, five manual washes are performed 

using either an Eppendorf™ RepeatPipettor with a SO ml CombitipTM 

(Eppendorf, Hamburg, Germ.any), a Corning™ repeat syringe (Corning, 

Coming, NY), a simple pump regulated by a variostat, or by gravity flow 

20 from a reservoir with attached tubing. Commercially available tube washing 

systems available ~om Source Scientific Systems (Garden Grove, CA) can 

also be used. 

25 

• As described above, captured hybrid can also be detected with a 

· direct labelled RNA probe, such as an enzyme-conjugated hybridization 

probe, or a bapten-modified probe that is subsequently detected by a labelled 

anti-hapten antibody. 

Bound conjugate is subsequently detected by colorimetry or 

chemiluminescence as described by Coutlee, et al., J. Clin. Microbial 

27:1002-1007 (1989). Preferably, bound alkaline phosphatase conjugate is 

30 detected by chemiluminescence with a reagent such as a Lumi-Phos™ 530 

reagent (Lumigen, Detroit,· Ml) using a detector such as an B/Lumina TM 

luminometer (Source Scientific Systems, Inc., Garden Grove, CA) or an 

Optocomp 1™ Luminometer (MGM Instruments, Ham.den, CT). 
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The following non-limiting examples illustrate use of the disclosed 

assay. 

Example 1 

In this experiment two different serum samples known to be positive 

5 for Hepatitis B DNA by HCM Il assay wete used. One sample was a low 

positive at 1.57 pg/ml or 4.4 x 105 genomes/ml, referred to as PC low, and 

the other one PC high at 209 pgfml or S.85 x 107 genomes/ml. In this 

experiment after the centrifugation (both 1 ml and 0.5 ml samples were used) 

the pellets were reconstituted in 30µ1 ofHBV DNA negative human serom. 

10 The pelleting for each sample was performed in triplicate and results 

compared to the standard protocol without the centrifugation. 

HBV DNA in serum samples was quantitated by a non-radioactive 

hybridization assay by pipetting 30 µl control or sample serum into 

microplate wells .. A 30 µl aliquot of a hydrolyzing reagent was pipetted into 

15 · each well. A 30 µl aliquot of HBV probe was pipetted into each well. The 

plate was mixed and incubated at 65°C for 60 ± 5 minutes. The contents of 

each well was transferred to a mlcroplate well coated with anti-hybrid 

antibody. The micrciplate was covered with Parafilm™ and shaken on a 

rotary shaker for 60 minutes. The plate wa8 deeanted and blotted. A 75 µl 

20 aliquot of detection reagent containing RNAase A and an alkaline 

phosphatase-conjugated monoclonal antibody specific for the RNA/DNA 

hybrid was pipetted into each well, the pfate was incubated at room 

temperature for 30 ± 3 minutes, decanted, washed six times and drained. A 

75 µl aliquot of a second detection reagent containing a chemiluminescent 

25 alkaline phosphate substrate was pipetted into each tube and incubated at 

room temperature for 15 ± 3 minutes. The plate wells were read on a 

luminometer. 

The results, obtained in triplicate for both the standard and the 1 ml 

and O.S ml centrifuged test volumes are shown in Table 2. Coefficient of 

30 Variations are calculated for the triplicate samples. Results are expressed in 

Relative light units and the concentrations are in genomesfml derived from a 

standard eurve. 
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Table2 

Standard 1 ml eentrifaged O.S ml eentrifaged 
genoni.es/ml genOines/ml. genomes/ml. 

PC low 4.4x 10' 1.1x107
. 7.0x 106 

genomes/ml genomes/ml . genomes/ml 

PChlgla S.8x 107 
· 1.58x 109 1.1 x109 

genomes/ml genomes/ml· genomes/ml. 

For the 1 ml pre-centrifugation volume sample, the expected increase 

in concentration is 33.3 times (1000µV30µ1) and with the 0.5 ml sample the 

5 expected increase is 16.6 times. The actual increases for the 1 ml sample 

were 25 times for the PC low and 27 times for the PC high. The 0.5 ml 

sample showed an increase of 16 times and· 19 times, respectively. The 

recovery.was about 75%. 

·Enmple2 

10 The scheme was slightly changed in this experiment To further 

evaluate the·increased sensitivity in the functional testing of the concentrated 

material serial four-fold dilutions were prepared from the virion containing 

sample referred to as PC low, prior to the centrifugation. The dilutions were 

prepared in a negative serum at 1:4, 1:16, 1:64, 1:256 and 1:1024. Dilutions 

15 of the material(either 1 ml or 0.5 ml) were centrifuged for concentration. In 

this experiment after the centrifugation the pellets were reconstituted in 20 µ1 

of negative serum and volumes re-measured with a pipet to make sure the 

pellet got reconstituted in a total volume of 30 µI. The pelleting for each 

sample was perfonned in triplicate and results compared to the standard 

20 protocol (SOP) without the centrifugation. 

The data are summarized below in Table 3. 

25 
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Table.3 

SOP lml concentrated .500 µI concentrated 

Expected Observed Exp Observed O/E Exp. Observed O/E 

genomes/ml gcnome&lml genomes/ml 

PC low 445,I84 445,I84 I.47xl07 1.57x10' 1.1 7.39x10D 8.04x IOD I.08 
Ollilil 

1:4 111,296 120,400 3.67x lOD 3.72xlO" 1 1.84xl0" 1.66x10" 0.9 

1:16 27,824 neg 9.I6xI<t 7.95xl~ 0.9 4.59x10" 3.98x IO" 0.86 

1:64 6956 neg 2.29x IO" 1.93x lo> 0.9 1.1Sx10> 1.12x l<t 0.97 

1:256 1739 neg 5.77x 10" 7.S6x.IO" 1.35. 2.86x 10"' 6.44xl0" NA 

I:1024 434 neg l.39x 10" neg NA 7.14x IO" Neg NA 

The advantage of concentrating a low positive serum sample can be 

clearly observed. In the ~dard operating procedure sample, using the 

standard volume of test (30 µI) and no centrifugation the PC low sample can 

. only be detected undiluted. The SOP assay detection liniit is O.S pg/ml or 

S l .4 x I Os genomes/ml. When 1 ml is concentrated with the centrifugation 

procedure, up to the 1 :64 dilution (0.69 pg/ml or 6870 genomes/ml) can be 

detected. The percent recoyery is between 86 to 100%. The I ml 

concentration volume is positive to a level of 6956 genomes/m1, an increase 

in the assay detection limit of20x. This 20-fold increase is derived from the 

IO minimum genome/ml concentration of 6956 divided into 140,000, the assay 

sensitivity in the SOP. The 500µ1 concentrated sample is positive to below 

the I: 16 dilution, equivalent to 27,SOO genomes/ml. 

· By increasing the volume of sample to test to 1 ml and performing 

the centrifugation step described in detail ·above, the sensitivity.in the 

IS detection of Hepatitis B DNA in serum with can be increased by 

approximately 20-fold, down to about 6956 genomes/ml. 
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CLAIMS 

We claim: 

1. An improved assay for the detection of a target viral nucleic acid sequence 

in a biological sample, the improvement comprising the step of concentrating a viral 

particle comprising the target nucleic acid sequence by centrifugation of the biological 

sample. 

2. The assay of claim 1 wherein the viral particle is a hepatitis B viral particle. 

3. The assay of claim 1, wherein the biological sample is combined with a 

precipitation buffer and then centrifuged for a time sufficient to pellet the viral particle. 

4. The assay of claim 1, wherein the biological sample is centrifuged for a 

length of time determined· by the following equation: 

T-1 (lnr,-lnro) 
s(0.1047•RPM l 

where s is the sedimentation coefficient of the viral particle, r1 is the :rotor bottom radius, ro 

is the rotor top radius, RPM is the revolutions per minute of the rotor, and T is the time in 

seconds. 

5. The assay of claim 4 wherein RPM is above 15,000. 

6. The assay of claim 5 wherein RPM is above 20,000. 

7. The assay of claim 1, further comprisin~ the steps of: 

a) treating the sample with a base; 

b) hybridizing a nucleic acid sequence in the treated sample to a complementary 

nucleic acid probe to fonn a double-stranded hybrid; 

c) capturing the hybrid onto a solid phase to which an anti-hybrid antibody or anti-

hybrid :.fragment has been immobilized;. 

d) eliminating any non-hybridized probe; and 

e) detecting the bound hybrid. 

8. A hybridization assay for the detection ofa target viral nucleic acid 

sequence in a biological sample comprising the steps of: 

a) concentrating a viral particle comprising the target nucleic acid sequence by 

centrifugation of the biological sample; 

b) treating the sample with a base; 
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c) hybridizing a nucleic acjd sequence in the treated sample to a complementary 

nucleic acid probe to form a double-stranded hybrid; 

d) capturing the hybrid onto a solid phase to which an anti-hybrid antibody or anti-

hybrid fragment has been immobilized; 

e) eliminating any non-hybridized probe; and 

t) detecting the bound hybrid. 

9. The assay of claim 8, wherein the biological sample is serum obtained by 

separation of the serum from a blood sample. 

10. The assay of claim· 8 wherein the non-hybridized probe is eliminated by 

digestion with an enzyme. 

11. The assay of claim 8 wherein the viral particle is a hepatitis B viral particle. 

12. The assay of claim 8 wherein the target nucleic acid is hepatitis B DNA · 

13. The assay of claim 8 wherein the probe is an RNA sequence 

complementary to target micleic acid sequence. 

14. The assay of claim 8, wherein the biological sample is combined with a · 

precipitation buffer and then centrifuged for a time sufficient to pellet the viral particle. 

IS. The assay of claim 8, wherein the biological sample is centrifuged for a 

length of time determined by the following equation: 

T 1 (lnr,-lnro) 
s(0.1047•RPM f 

where s is the sedimentation coefficient, rt is the rotor bottom radius, ro is the rotor top 

radius, RPM is the revolutions per minute of the rotor, and Tis the time in seconds. · 

16. The assay of claim 15 wherein RPM is above 15,000. 

17. The assay of claim 16 wherein RPM is above 20,000. 

18. A hybridization assay for the detection of hepatitis B DNA in blood 

·comprising the steps of: 

a) separating serum from the blood; 

b) concentrating hepatitis B viral particles comprising hepatitis B DNA by 

combining the serum with a precipitation buffer and then centrifuging the combined serum 

and buffer for a length of time sufficient to pellet the hepatitis B viral particles as 

determined by the following equation: 
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T-1 (1nr,-lnr0 ) 

. s(O.J047•RPM / 
. . 

where s is·the sedimentation coefficient, rt is the· rotor bottom radius, ro is the rotor top 

radius, RPM is the revolutions per minute of the rotor, and Tis the time in seconds; 

c) treating the sample with a base to denature the hepatitis B DNA; 

d) hybridizing the denatUred hepatitis B DNA in the treated sampl~ to a 

complementary nucleic acid probe to form a double-stranded hybrid; 

e) capturing the hybrid onto a solid phase to which an anti-hybrid antibody or anti-

hybrid fragment has been immobilized; 

t) eliminating an~ non-hybridized probe; and 

g) detecting the bound hybrid. 

19. The assay of claim 18 wherein RPM is above 15,000. 

20. The assay of claim 19 wherein RPM is above 20,000. 
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