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Abstract Abstract 

Wee have developed a hepatitis B virus (HBV) DNA detection and 
quantificationn system based on amplification with nucleic acid sequence-
basedd amplification (NASBA) technology and real-time detection with 
molecularr beacon technology. NASBA is normally applied to amplify 
single-strandedd target RNA, producing RNA amplicons. In this work we 
showw that with modifications like primer design, sample extraction 
method,, and template denaturation, the NASBA technique can be made 
suitablee for DNA target amplification resulting in RNA amplicons. 
AA major advantage of our assay is the one-tube, isothermal nature of the 
method,, which allows high-throughput applications for nucleic acid 
detection.. The homogeneous real-time detection allows a closed-tube 
formatt of the assay, avoiding any post-amplification handling of amplified 
materiall and therefore minimizing the risk of contamination of 
subsequentt reactions. The assay has a detection range of 103 to 109 HBV 
DNAA copies/ml of plasma or serum (6 logs), with good reproducibility and 
precision.. Compared with other HBV DNA assays, our assay provides 
goodd sensitivity, a wide dynamic range, and high throughput 
applicability,, making it a viable alternative to those based on other 
amplificationn or detection methods. 



Introduction Introduction 

Infectionn with hepatitis B virus (HBV) can cause a spectrum of liver 
diseases,, such as fulminant or chronic hepatitis, cirrhosis, and 
hepatocellularr carcinoma. About 300 million people throughout the world 
sufferr from chronic HBV infection, and 2 billion people have markers 
indicatingg past infection with HBV (15, 25). 
HBVV is the smallest DNA virus known, and its genome shows a highly 
compactt organization. A unique aspect in the HBV replication cycle is that 
aa pregenomic mRNA serves as a template for the synthesis of the first 
virall DNA strand by the reverse transcriptase (RT) polymerase of HBV 
(35).. The RNase H activity of the HBV DNA polymerase removes the 
mRNAA during this process, and synthesis of the complementary second 
DNAA strand is then started, generating a partially double-stranded DNA 
moleculee for packaging in virions. When the virus enters the host, this 
moleculee is extended into a fully double-stranded DNA molecule, thus 
startingg a new replication cycle (10, 27, 28). 
HBVV DNA can be detected in the blood in more than 90% of infected 
hostss who are positive for hepatitis B surface antigen (HBsAg) and 
hepatitiss B e antigen (HBeAg). The detection and quantification of HBV 
DNAA has become the preferred method for measuring the quantity of 
infectiouss particles and provides important diagnostic and prognostic 
information,, mainly as a marker of virus replication (5, 14, 20, 29, 30). 
Numerouss assays are available for detection of HBV DNA, such as the 
branchedd DNA (bDNA) assay (6, 13), DNA hybridization assays (9, 24), 
andd quantitative PCR ( 1 , 12, 22). Some of these assays have only limited 
sensitivityy however, and detection by PCR may be considered as 
laboriouss and susceptible to contamination. Since HBV DNA loads are 
highlyy variable and require a broad dynamic detection range (18, 19), 
thesee assays are not always well suited for large-scale use in clinical 
laboratories. . 
Wee present a one-tube, real-time detection and quantification method for 
HBVV DNA using amplification by NASBA and detection with molecular 
beaconn technology. The NASBA amplification technique is normally 
appliedd to amplify single-stranded target RNA, producing RNA amplicons 
(7,, 31). The amplification in the NASBA reaction involves the action of 
threee enzymes: AMV RT, T7 RNA polymerase, and RNase H. Two specific 
oligonucleotidee primers, one of which contains a bacteriophage T7 RNA 
polymerasee promoter site, are added to amplify nucleic acids more than 
1012-foldd in 90 - 120 minutes. The primer with the T7 tail binds to the 
singlee stranded RNA and is being extended by the RT. After degradation 
off the template by RNase H, the second primer can bind to the cDNA, 
andd will be extended to form a double stranded product, with a double 
strandedd T7 promoter sequence. From this double stranded product, 



singlee stranded RNA can be transcribed which can then enter a new cycle 
off amplification. 
Wee show that after modifications such as primer design, sample 
extractionn method, and template denaturation, the NASBA technique can 
bee used for DNA target amplification resulting in RNA amplicons. 
Ourr closed one-tube assay is able to quantify HBV DNA in a wide dynamic 
rangee with good sensitivity, reproducibility and precision. The assay 
requiress relatively simple laboratory tools and has a format well suited 
forr high-throughput processing of samples (7, 31). Due to omission of 
post-amplificationn handling of amplified nucleic acids, the risk of 
contaminationn of negative samples with amplicons is greatly reduced. 



MaterialsMaterials and methods 

Patient s s 
AA group of 68 patients who had seroconverted for hepatitis B core 
antibodyy (anti-HBc) was identified in a population of intravenous drug 
userss and male homosexual individuals. These patients yielded anti-HBc-
positivee samples obtained at various time-points. 
Wee also used a BBI (Boston Biomedica Inc, West Bridgewater, MA, USA) 
HBV-positivee serum panel, with HBV loads ranging from 102-107 

copies/ml. . 

Serologica ll  and biochemica l marker s of HBV infectio n 
Serumm HBsAg, and anti-HBc were measured using commercially available 
enzymee immunoassays (EIA; Hepanostika HBsAg/anti-HBc, Organon 
Teknikaa bv., Boxtel, the Netherlands) as indicated by the manufacturer. 

Extractio nn method s 
Nucleicc acids were extracted from 100 pi of serum, plasma, or other 
liquidd medium by applying the well-known silica-guanidiniumthiocyanate 
protocoll Y (4), using L6 as lysis buffer. 
Alternatively,, samples were extracted using one of three modified silica-
guanidiniumthiocyanatee methods. 
Thee first method is referred to as Y+ (2), and involves involving addition 
off 1 ml lysis buffer L7A and 30 pi of size-fractionated silica particles 
beforee following the classic Y protocol. L7A is prepared from buffer L6 
(5.255 M GuSCN, 50 mM Tris HCI [pH 6.4], 20 mM EDTA, 1.3% [wt/vol] 
Tritonn X-100) by the addition of u-casein to a final concentration of 1 
mg/ml. . 
Inn the second method, we applied protocol H (3), which involves pre-
digestionn of the sample with 50 pi freshly prepared buffer L8 (445 pi 
H20,, 50 pi of 5 M NaCI, 50 pi of 20% [wt/vol] sodium dodecyl sulfate, 50 
pii of 1 M Tris HCI-0.1 M EDTA [pH 8.0], 5 pi of denatured salmon sperm 
DNAA [2mg/ml] and 400 pi of proteinase K) at C for 30 min, followed 
byy the classic Y protocol. 
Thee last method, protocol H+, is a modification of protocol H in which 
lysiss buffer L6 is replaced by L7A. 
Eachh sample was always eluted in 50 pi of TE buffer (10 mM Tris, 1 mM 
EDTAA [pH 8.0]). 

Primer ss and probe s 
Itt is anticipated on theoretical grounds that an AT-rich double-stranded 
DNAA sequence with a low melting-temperature profile would more 
efficientlyy enter the amplification phase than sequences with a high 



melting-temperaturee profile (Dr. B. van Gemen, personal 
communication). . 
Therefore,, we selected a primer pair to amplify a single-stranded region 
off the HBV genome, which has a relatively low melting profile, as shown 
inn figure 1. 
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Figur ee 1 . Melting temperature profiles of 5 different HBV strains. The amplicon 
generatedd by the HBV DNA real-time NASBA was located between nucleotides 613 -
8177 (see arrow), which is situated in a part of the HBV genome that has a relatively low 
meltingg temperature. A low template melting temperature theoretically facilitates the 
annealingg of primers and probes in a NASBA or PCR reaction. The box at the right shows 
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Nucleicc acid extracted from sera or plasma of HBV-infected individuals 
andd from plasmid models was amplified with NASBA using a primer set 
forr HBV DNA amplification spanning the HBV pol gene nucleotides 613 -
8177 (Table 1). The probe used in this experiment (Pom gen8) is labeled 
withh 6-FAM (fluorescent label) at its 5' end and with DABCYL (quencher) 
att its 3' end. Furthermore, the molecular beacon probe contains two 
inosinee nucleotides, and both primers are degenerated. 

Nam e e 

Pomm PI .8 

Pomm P2.6 

Pomm gen8 

Functio n n 

Primerr PI 

Primerr P2 

Probe e 

Sequence e 
5'-AAT5'-AAT TCT AAT ACG ACT CAC TAT AGG GAG AAG GAG AGG AAA YTG CAC YTG TAT TCC 
CATT CCC A-3' 
5'-AAAA TGT ATA CCC ARA GAC AAA AGA AAA-3' 

5'-CGAA TCC GAC TCA IGAA TGI TGT ACA GAC TTG GCC CCC GGA TCG-3' 

Tabl ee 1 . Sequences of the primers and molecular beacon probe used in the HBV DNA 
real-timee NASBA. Italic indicates the T7 RNA promoter sequence (including the first 3 G 



residuess of the RNA that is being made) that is part of the PI primer. The nucleotide Y 
standss for C or T, and the nucleotide R stands for A or G. The nucleotide I stands for 
inosine. . 

HBVV DNA real-t im e NASBA 
NASBAA reactions were started by mixing 5 ul extracted nucleic acid and 
100 MI NASBA amplification mix in microtubes. The final concentrations 
were:: 40 mM Tris-HCI (pH = 8.5), 12 mM MgCI2, 70 mM KCI, 5 mM DTT, 1 
mMM dNTP's (each), 2 mM rATP, 2 mM rUTP, 2 mM rCTP, 1.5 mM rGTP, 
0.55 mM ITP, 0.75 mM EDTA, 15% (v/v) DMSO, 0.2 uM primer P I , 0.2 uM 
primerr P2, 0.2 uM molecular beacon probe and 0.375 M sorbitol. 
Subsequently,, the reactions were incubated at C instead of the 
standardd C (see Results) for 5 minutes for denaturation, followed by 
incubationn at C for 5 minutes. Then, the enzyme mix (2.1 mg BSA, 
0.011 units RNase H, 37 units T7 RNA polymerase, 7.5 units AMV-RT) was 
pipettedd into the lids of the microtubes. The tubes were centrifuged 
brieflyy (10 sec) at 800 rpm in an Eppendorf 5804 centrifuge (Eppendorf, 
Hamburg,, Germany) to collect the enzyme mix. After gentle mixing by 
tapping,, the tubes were incubated at C in a fluorimeter (Cytofluor 
4000,, Perkin Elmer, Wellesley MA, USA) for 120 minutes, with continuous 
measurementt of the fluorescent signal. The 20 pi reactions were excited 
att 485 nm, and fluorescence was measured at 530 nm. Readings were 
normalizedd to the background of a reaction containing water instead of 
template. . 
Thee amount of HBV DNA present in samples was calculated using a 
standardd curve generated from HBV plasmid standards that indicated the 
relationn between time-to-positivity (TTP) and input amount. The plasmid 
containedd a linearized 1400 bp HBV sequence (nucleotides 523 to 1980) 
andd was used in 10-fold serial dilutions ranging from ÏO^IO 7 copies per 
reaction.. The concentration of HBV DNA in the samples was expressed in 
logg copies/reaction. We used 100 ul of input material (serum, plasma) in 
thee extraction (factor 10), and then eluted in 50 pi of TE buffer of which 
wee used 5 pi in a NASBA reaction (additional factor 10). Therefore, to 
calculatee the concentration per ml of serum or plasma, we multiplied the 
copies/reactionn by a factor 100. 

Testt  evaluatio n 
Precision,, linearity and reproducibility of the HBV DNA real-time NASBA 
assayy were evaluated as described below. The serial dilutions of a 
referencee plasmid (see above) were prepared freshly for each run from 
ann aliquotted stock solution. The HBV DNA concentration of this solution 
hadd previously been determined by OD26o measurement, 
(a)) Precision: Various replicates (see results) of HBV plasmid serial 
dilutionss representing seven different DNA concentrations in the range 



fromm 101 - 10 copies per reaction were analyzed. Mean response values 
ass well as between-run variation were estimated. 
(b)) Linearity and reproducibility: Standard response curves were 
generatedd from HBV plasmid serial dilutions with known DNA 
concentrationss in the range from 101 - 107 copies per reaction. Data from 
299 runs were analyzed in a linear mixed model, with input concentration 
modeledd as a fixed-effects term and between-run variation modeled as a 
random-effectss term. Results from the NASBA assay were compared with 
thee DNA concentrations expected from the HBV plasmid serial dilutions 
byy Bland and Altman analysis, which performs a regression of the 
differencee between outcome and expected concentration onto their 
averagee value. 
Dataa were analyzed using the SAS System version 6.12 (SAS Institute, 
Inc.,, Cary, NC) and SPLUS 2000 professional release 2 (MathSoft, Inc., 
Cambridge,, MA). 

CsCII gradien t centrifugatio n of HBV-positiv e 2.2.15 cell-lin e 
cultur ee mediu m 
Thee 2.2.15 ceil line, a well-known HBV-transfected HepG2 cell line, was 
maintainedd under conditions described previously (33). After passage 
throughh a 40 urn filter, HBV-positive 2.2.15 cell-line culture medium with 
aa high HBV titer (109 copies/ml) was subjected to CsCI gradient analysis 
(16,, 36). 1 ml of sample was loaded on top of 9 ml of a 20% (w/w) CsCI 
(Boehringerr Mannheim, Mannheim, Germany) in PBS solution. Samples 
weree then spun for 72 hours at 30,000 RPM and , using a Beekman 
SW41Tii swing-out rotor and a Beekman Optima L-70 K ultracentrifuge 
(Beekmann Coulter, Inc., Fullerton CA, USA). 
Subsequently,, samples were divided into fractions of approximately 250 
pii by removing supernatant with an auto densi-flow (auto densi-flow II C, 
Haakee Buchler Instruments, Inc., Saddle Brook NJ, USA), starting from 
thee top. Prior to dialysis in 5 liters of PBS overnight at , the density of 
eachh fraction was determined by refractometry, using a refractometer 
(Carll Zeiss, Jena, Germany). All fractions were then tested for HBsAg 
withh EIA (see above) and HBV DNA with real-time NASBA (see above). 



Results Results 

Optimizatio nn fo r real-tim e monitorin g and quantificatio n 
Thee standard NASBA protocol for amplification of RNA encompasses a 

CC RNA denaturation step prior to the addition of enzymes. For the 
HBVV DNA real-time NASBA, we examined the effect of denaturing at a 
higherr temperature than usual C vs. ) before the addition of 
enzymee mix and amplification, because a NASBA reaction needs single-
strandedd nucleic acid as target. Since NASBA detection of HBV DNA was 
clearlyy improved by incubation at C (Figure 2), this procedure was 
incorporatedd into the HBV DNA real-time NASBA format. 
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Figur ee 2. Effect of denaturation on HBV DNA real-time NASBA. Reaction mixtures with 
sampless were heated at C (figure 2A) or C (figure 2B) prior to addition of the 
enzymee mix. We used two plasma samples, each with a known HBV DNA load of 10q 

copies/mll (quantified by bDNA), and a BBI panel of serum samples^ also with known 
loadss (see Materials and Methods). The denaturing step at C improved the 
sensitivityy of the assay, with more samples being detected at that temperature than at 

. . 

Compariso nn of isolatio n protocol s 
Wee investigated the beneficial effect on some DNA-processing enzymes 
off adding a-casein in the extraction procedure (2). This beneficial effect 
could,, in the case of the HBV DNA real-time NASBA, lead to a lower 
detectionn limit. The addition of a-casein to the lysis buffer is referred to 
ass protocol Y+ and H + , respectively, when used in protocol Y or H (see 
Materialss and Methods section for details). 
Thee HBV DNA present in virions is a partially double-stranded DNA 
moleculee with a covalently bound protein attached to it. Such proteins 
mayy interfere with silica-guanidiniumthiocyanate extraction methods, if 
theyy become irreversibly attached to the silica and are therefore not 
elutedd during the final elution step. We therefore compared the standard 



extractionn protocol (protocol Y) with a method in which extraction was 
precededd by proteinase K digestion (protocol H). This step would digest 
proteinn present in the sample and eliminate its interfering influences on 
extraction. . 
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Figur ee 3. Comparison of effect of different extraction methods on detection of HBV DNA 
byy NASBA. Figure 3 A: protocol Y, standard silica-guanidiniumthiocyanate extraction 

method;; figure 3 B: protocol Y + , addition of a-casein to lysis buffer; figure 3 C: protocol 
H,, proteinase K digestion prior to extraction; and figure 3 D: protocol H*, both 
proteinasee K digestion prior to extraction and addition of a-casein to lysis buffer. 

Thesee modifications of the standard silica-guanidiniumthiocyanate 
extractionn method were performed to see if any would improve the 
overalll performance of the HBV DNA real-time NASBA. For this purpose, 
10-foldd serial dilutions of a serum sample with an HBV load of 109 

copies/mll were prepared in HBV-negative serum and followed by 
extractionn with protocol Y, Y+, H or H + . Figure 3 shows the results of HBV 
DNAA real-time NASBA after extraction of samples in the serum dilution 
series.. Real-time monitoring of NASBA reactions yields fluorescence 
plots,, with the typical initial exponential rates followed by a plateau 



phase.. The initial exponential rate is consistent with an amplification 
phasee of the NASBA reaction in which the products of amplification 
functionn as templates. 
Inn contrast with previous reports (3), we found no enhanced detection of 
HBVV DNA with an extraction method incorporating a proteinase K 
digestionn step, as in protocol H' and H+ (see protocol Y vs. H and Y+ vs. 
HH + ). However, the addition of «-casein to the lysis buffer improved 
detectionn by HBV DNA real-time NASBA 10-fold (see protocol Y vs. Y+ 

andd H vs. H + ), in agreement with previous results (2). Because we found 
littlee or no difference between results after protocol Y+ and H+, further 
experimentss were performed using the more convenient and rapid Y+ 

protocol.. With each extraction, an HBV-negative serum sample and an 
HBV-positivee sample (108 copies/ml) were included as controls to ensure 
extractionn quality. 
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Figur ee 4. Figure 4A: DNA standard curve generated from HBV DNA plasmid 10-fold 
dilutionn series. Curves are normalized for background (H2O). The inverse relationship 
betweenn time-to-posit ivity (TTP) and copy number is clearly demonstrated. 
Figuree 4B: A calibration curve, generated from the standard curves in figure 4 A. The 
knownn copy numbers are plotted against the measured TTP. Using this calibration 
curve,, the load in a given sample can be extrapolated from the linear TTP curve of the 
standardss used in that experiment. 

Quantitativ ee performanc e of HBV DNA real-t im e NASBA 
Inn order to start all reactions simultaneously, enzyme mix was added to 
thee samples by pipetting into the lids of the microtubes and subsequently 
spunn down. HBV DNA copy numbers were calculated relative to an HBV 
DNAA plasmid 10-fold dilution series, which was included in every run. The 
inputt of this plasmid ranged from 101 till 107 copies per reaction, and H20 
wass used as the no template-control. 



Dataa were processed in an Excel 97/98 spreadsheet to correct for 
backgroundd as measured in the no-template control sample and to 
determinee the intercept of the slope with the x-axis. Calibration curves 
weree generated and fitted with at least 4 points of the dilution series of 
plasmidd DNA using the same spreadsheet (figure 4). Only if the 
calculatedd R2 was greater than or equal to 0.92, it was a valid 
experiment.. The HBV DNA loads of the samples were then interpolated 
usingg these calibration curves. The cut-off of each individual assay was 
sett to be equal to the value of the last positive sample in the dilution 
series. . 

Figur ee 5. Precision of HBV DNA real-time NASBA assay at input levels in the range from 
100 to 10,000,000 copies/ml. Samples were analyzed in numbers of replicates according 
too Table 1. Mean values and standard deviations are shown together with the line of 
equality. . 

Precision Precision 
Figuree 5 shows the levels of HBV DNA obtained by analysis of high-titer 
DNAA plasmid stock after dilution in water to concentrations in the range 
fromm l f y - l O 7 copies per reaction. 



putt HBV DNA 

11 (n = 4) 
22 (n = 13) 
33 (n = 16) 
44 (n = 24) 
55 {n = 25) 
66 (n = 30) 
77 (/? = 14) 

Calculated d 
HBVV DNA load 

1.245 5 
1.966 6 
2.940 0 
4.056 6 
5.215 5 
6.105 5 
6.717 7 

Rai i 

1.0499 -
1.6977
2.4288
3.286 6 
3.8200
5.217 7 
5.7488

nge e 

-- 1.339 
-- 2.296 
-- 3.392 
-- 4.997 
-- 5.953 
-- 7.168 
-- 7.296 

Std.. dev. 

0.133 3 
0.201 1 
0.228 8 
0.384 4 
0.476 6 
0.347 7 
0.463 3 

CV V 

10.77 % 
10.22 % 
7.766 % 
9.466 % 
9.133 % 
5.688 % 
6.900 % 

Tabl ee 2. Precision of HBV DNA real-time NASBA assays. All values are LoglO 
transformedd copies/reaction, except for n, the number of replicates used for the 
analysis,, and CV, the inter-assay coefficient of variation. 

Tablee 2 shows the mean HBV DNA load as measured by the NASBA assay 
ass well as the range, standard deviation, and coefficient of variation (CV) 
att seven standardized HBV input levels for varying numbers of replicates. 
Att 10 copies per reaction, the HBV DNA copy number was overestimated 
byy the NASBA assay (mean response 17.6 copies per reaction, p = 
0.035),, while at 10,000,000 copies per reaction, the HBV DNA copy 
numberr was underestimated (mean response 5,211,947 copies per 
reaction,, p = 0.04). CV ranged from 5.7 to 10.7%, with highest CV 
valuess found at lower input levels and lowest CV values found at higher 
inputt levels. The standard deviation showed a slight tendency to increase 
withh the mean response. 

Interceptt (95% cfi) Slope (95% cfi) Regr. line 

Linearr 0.085 (-0.104 - 0.275) 0.992 ( 0.947 - 1.036) y~^x 
Bland-and-Altmann -0.015 (-0.205 - 0.175) 0.012 (-0.032 - 0.057) y = 0 

Tabl ee 3. Linearity and reproducibility of HBV DNA real-time NASBA assays as confirmed 
byy linear regression and Bland-and-Altman comparisons of 29 standard response 
curves.. Bland and Altman analysis performs a regression of Logl0(real- t ime NASBA 
/ Input )) onto 0.5xLogl0(real-t ime NASBA xlnput). The standard deviation of the 
interceptt due to random assay variability is 0.127 (95% cfi: 0.058 - 0.276), and the 
standardd deviation of the slope due to random assay variability is 0.037 (95% cfi: 0.023 
-- 0.061). Estimates are according to SPLUS 2000 Linear Mixed Effects Models. Regr. 
line:: regression line. 

LinearityLinearity and reproducibility 
Figuree 5 shows the levels of HBV DNA obtained by analysis of high-titer 
HBVV DNA plasmid stock after dilution in water (from 10 to 10,000,000 
copies/reaction)) in 29 different assays in varying numbers of replicates 
(tablee 3). CV ranged from 5.7 to 10.7%. At 10 copies per reaction, there 
wass a tendency to a slight overestimation of the HBV DNA copy number; 



whilee at 10 copies per reaction there was a tendency to a slight 
underestimationn of the HBV DNA copy number. 

Figuree 6 shows the mean response curve as calculated from 29 different 
runs,, with assay variability modeled as a random term in a linear mixed 
model.. From the estimates in Table 2, it can be inferred that the 
interceptt of the mean response curve is not significantly different from 0 
andd that its slope is not significantly different from 1. However, assay 
variabilityy is substantial; the standard deviation of the intercept due to 
variationn between different runs is 0.127 (95% cfi: 0.058 - 0.276) and 
thee standard deviation of the slope due to variation among different runs 
iss 0.037 (95% cfi: 0.023 - 0.061). Correlation among intercept and slope 
iss - 1 , so if the intercept of a standard response curve is larger than 
average,, its slope will tend to be smaller. Table 3 shows the results of the 
Blandd and Altman regression analysis. Both intercept and slope are not 
significantlyy different from zero, which shows that there is no general 
tendencyy of overestimation or underestimation. 

Figur ee 6. Mean response curve of 29 standard assays following linear regression 
analysis,, with assay variability modelled as a random effects term. The correlation 
betweenn intercept and slope is - 1 , so if the intercept of a standard response curve is 
largerr than average, its slope will tend to be smaller. 



Figur ee 7. CsCI gradient analysis of HBV-positive cell-line culture medium. 1 ml of 
purifiedd HBV-positive cell-line (2.2.15) medium was centrifuged across a CsCI 
gradient(seee Materials and Methods). The resulting gradient was fractionated, and 
density,, HBsAg titer, and HBV DNA level were determined 

 = density as determined by refractometry, U = HBsAg titer (of 1:40 diluted sample), 
andd A = HBV DNA level. Two HBV DNA peaks are found, one at the density expected to 
containn the HBV Dane particle population (1.28 g/ml) , and one at 1.33 g/ml, where 
nudee core particles representing the majority of HBV DNA-containing particles are 
expectedd (33). The peak of HBsAg at lower densities (around 1.20 g/ml) represents 
emptyy HBV envelope particles, which are plentiful in both cell-line material and cell-line 
medium.. The HBV DNA detected by the real-time HBV DNA NASBA was found only in 
associationn with a particle. 

Analysi ss  of HBV-positiv e cell-lin e cultur e mediu m on CsCI densit y 
gradient s s 
Thee culture medium of 2.2.15 was analyzed by CsCI density gradient 
analysis,, to investigate the distribution of HBV DNA as found by the real-
timee HBV DNA NASBA in different particles. The resulting gradient was 
fractionatedd into 38 different portions. Two HBV DNA peaks were found 
(figuree 7). One HBV DNA peak was found at 1.28 g/ml, which correlates 
welll with the density of Dane particles (11, 16, 32, 36). The other peak 
wass found at a higher density (1.33g/ml) and probably correlates withe 
non-infectiouss nude, DNA-containing core particles known to abound in 
cell-linee culture medium (33, 38). 
Takenn together, these data show that the HBV DNA real-time NASBA is 
capablee of detecting the HBV DNA present in the various DNA-containing 
HBVV particle types. 



Discussion Discussion 

Thiss paper presents an HBV DNA detection and quantification system that 
utilizess nucleic acid amplification with NASBA technology and detection in 
real-timee with molecular beacon probes. As previously described for the 
amplificationn of single-stranded RNA the NASBA amplification technology 
iss based on the concurrent activity of AMV reverse transcriptase (RT), 
RNasee H, and T7 RNA polymerase, together with two primers to produce 
amplificationn (7). The process occurs at one temperature ) without 
thee need of adding intermediate reagents and results in the exponential 
accumulationn of single-stranded RNA products. 
Recentlyy the isothermal amplification of double-stranded DNA by NASBA 
hass also been described (patent application WO 99/25868), but the 
mechanismm is only partially elucidated. For some target sequences, the 
efficiencyy of the double-stranded DNA amplification by NASBA can be 
enhancedd by a single denaturation step that makes single-stranded DNA 
beforee the amplification process starts. However, it is unclear how this 
newlyy synthesized DNA strand denatures from the template strand to 
alloww extension of the second primer P2, to render a double-stranded T7 
RNAA polymerase promoter sequence, which is part of primer PI . From 
thatt point on, the reaction continues with synthesis of the RNA used for 
entryy of the amplification phase of the NASBA process. 
Thee RNA amplicons generated in the NASBA process are detected by 
sequence-specificc 6-FAM- labeled molecular beacon probes (23). 
Molecularr beacon probes are used in the NASBA reactions to generate a 
fluorescentt signal for direct amplicon detection during the amplification 
process.. Due to the continuous measurement of fluorescence in the HBV 
DNAA real-time NASBA, the time point at which a reaction reaches the 
thresholdd of detection, and thus becomes positive, is easily determined. 
Theree is an inverse correlation between the time needed for a reaction to 
becomee positive, the so-called time-to-positivity (TTP), and the initial 
copyy number of HBV DNA used as input in the reaction. The higher the 
HBVV input, the less the time the reaction needs to amplify to a detectable 
level. . 
Thee advantages of the HBV DNA real-time NASBA described in this paper 
includee its one-tube, isothermal nature, which allows high-throughput 
applicationss for nucleic acid detection and quantification as well as real-
timee detection. These features also virtually eliminate the risk for 
contaminationn of other reactions, a fact that hampered wide-spread use 
off amplification technologies so far. In a 96 well format run (80 
specimenss plus standards), the complete assay including extraction of 
HBVV DNA from plasma or serum samples can be completed in five hours 
(orr three hours without extractions). The assay can be incorporated into 
thee normal work routine of clinical laboratories and fully automated. 



Resultss obtained by serial dilution of the HBV DNA standard indicated 
thatt our assay has a broad dynamic range from 101 to 107 HBV DNA 
copies/reactionn (6 logs), with good reproducibility and precision. This is 
thee equivalent 103 to 109 HBV DNA copies/ml of serum or plasma, as 
explainedd in the materials and methods section. When HBV DNA was 
extractedd from the serum or plasma samples by an appropriate method, 
suchh as the guanidine method with addition of a-casein, the assay was 
moree sensitive than when standard guanidine-based extraction 
proceduress were used. 
Severall groups have reported the development of assays for the 
detectionn of HBV DNA with or without DNA amplification ( 1 , 8, 17, 21, 
26,, 34, 37). The assays without amplification had lower detection 
sensitivitiess (from about 106 to 109 copies/ml) and high quantitative 
accuracy,, whereas the assays with amplification had higher sensitivities 
butt lower quantitative accuracy. Whether or not amplification was used, 
alll assays had detection ranges of about 3 logs. As shown from the 
clinicall performance of our assay, HBV DNA amounts in patients with 
variouss disease conditions were widely distributed over more than 5 logs. 
Clinicall studies have suggested that HBV DNA amounts differ markedly in 
hepatitiss B patients and carriers, and that the detection range of some 
assayss was too narrow to monitor the amount of HBV DNA (18, 19). 
Thee results reported here and elsewhere indicate that diagnosis and 
monitoringg of HBV infection require a test with not only adequate 
sensitivityy but also a very wide detection range. The real-time 
quantitativee test for the detection of HBV that we have developed is easy 
too perform and saves time, due to a reduction of handling steps. The risk 
off carry-over contamination is minimized by performing the entire 
methodd in unopened microtubes. Furthermore, the test has adequate 
sensitivity,, reproducibility, precision, and a broad dynamic range for 
monitoringg the condition and prognosis of HBV carriers and patients, 
includingg these undergoing interferon or nucleoside analog therapy. 
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