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ABSTRACT 

 

Hepatitis B virus (HBV) DNA quantification is used to establish the prognosis 

of chronic HBV-related liver disease, to identify those patients who need to be 

treated, and to monitor the virologic response and resistance to antiviral therapies. 

Real-time polymerase chain reaction (PCR)-based assays are gradually replacing 

other technologies for routine quantification of HBV DNA in clinical practice. The goal 

of this study was to evaluate the intrinsic characteristics and clinical performance of 

the real-time PCR Cobas Ampliprep/Cobas Taqman (CAP/CTM) platform for HBV 

DNA quantification. Specificity was satisfactory (95% confidence interval: 98.1-

100%). Intra-assay coefficients of variation ranged from 0.22% to 2.68% and inter-

assay coefficients of variation from 1.31% to 4.13%. Quantification was linear over 

the full dynamic range of quantification of the assay (1.7 to 8.0 Log10 international 

units (IU)/ml) and was not affected by dilution. The assay was accurate, regardless of 

the HBV genotype. Samples containing HBV DNA levels above 4.5 Log10 IU/ml were 

slightly underestimated relative to another accurate assay based on branched DNA 

technology, but this is unlikely to have noteworthy clinical implications. Thus, the 

CAP/CTM HBV DNA assay is sensitive, specific and reproducible, and accurately 

quantifies HBV DNA in patients chronically infected by HBV genotypes A to F. 

Samples with HBV DNA concentrations above the upper limit of quantification need 

to be diluted then retested. Broad use of fully automated real-time PCR assays 

should improve the management of patients with chronic HBV infection. 
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INTRODUCTION 

 

The presence of hepatitis B virus (HBV) DNA in peripheral blood is a reliable 

marker of active HBV replication. HBV DNA quantification is the best method for 

monitoring the level of HBV replication in chronically infected patients. Detection and 

quantification of HBV DNA are useful: (i) for establishing the prognosis of liver 

disease, notably the risk of progression towards cirrhosis and hepatocellular 

carcinoma, (ii) for identifying patients who need antiviral therapy, and (iii) for 

monitoring the virologic response and resistance to antiviral therapies (reviewed in 

(10)). Commercial assays have been available for several years for detecting and 

quantifying HBV DNA in clinical practice. Most of them, however, have not been 

calibrated to the World Health Organization (WHO) standard (15) and still use the 

nonstandardized “copies/ml”, whereas international units (IU/ml) should be preferred 

(10). These assays are based either on signal amplification following molecular 

hybridization or on target amplification. Signal amplification assays include the 

Digene Hybrid-Capture assay and assays based on branched DNA (bDNA) 

technology (VersantTM HBV DNA 3.0 Assay, Siemens Medical Solutions Diagnostics, 

Tarrytown, New York). Target amplification techniques are based on the polymerase 

chain reaction (PCR) and include the Amplicor HBV Monitor® assay (Roche 

Molecular Systems, Pleasanton, California) and its semi-automated version Cobas® 

Amplicor HBV Monitor® (reviewed in (11)). 

HBV DNA quantification assays should ideally be sensitive, specific, precise, 

reproducible, well calibrated (accurately providing HBV DNA levels in IU/ml), 

automated, and rapid, with minimal hands-on time (20). They should also have 

clinically relevant dynamic ranges of quantification and should be able both to detect 
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and to quantify HBV DNA, regardless of the HBV genotype or sequence 

polymorphisms. None of the commercially available HBV DNA assays based on 

signal amplification or classical PCR meet all these criteria (10, 11). The recent 

development of “real-time” PCR techniques represents a major advance in the field 

of viral genome quantification (1, 6, 7, 22). Indeed, these new methods are, at least 

theoretically, more sensitive than classical PCR techniques, they are not prone to 

carryover contamination, and they generally have a wide dynamic range of 

quantification, meaning they can be used to quantify the full range of viral genome 

levels observed in treated and untreated patients. Real-time PCR is gradually 

replacing other technologies for routine quantification of HBV DNA in clinical practice. 

A frequently used commercial real-time PCR assay for HBV DNA 

quantification is the Cobas Ampliprep/Cobas Taqman (CAP/CTM) platform (Roche 

Molecular System) (8). CAP/CTM combines the Cobas Ampliprep® instrument, that 

performs fully automated extraction of HBV DNA from 850 µl of patient plasma, and 

the Cobas Taqman 48® Analyzer that performs fully automated real-time PCR 

amplification and detection, followed by interpretation of HBV DNA levels by means 

of Amplilink® software. The manufacturer’s lower limit of detection (LOD) for the HBV 

DNA assay is 12 IU/ml (1.1 Log10 IU/ml) and the dynamic range of quantification is 

from 54 to 1.1 x 108 IU/ml (1.7 to 8.0 Log10 IU/ml). 

The goal of this study was to evaluate the intrinsic characteristics and clinical 

performance of the CAP/CTM assay for HBV DNA quantification. 

 

MATERIALS AND METHODS 

 

Materials 
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Standards. A standard panel of plasma samples (OptiQuant™ HBV DNA, 

AcroMetrix, Benicia, California) containing different concentrations of HBV DNA from 

a single source (a patient chronically infected by HBV genotype A) was used to study 

the analytical performance of the assay. The seven panel samples are designated 

NAP-000, NAP-HBV2E2, NAP-HBV2E3, NAP-HBV2E4, NAP-HBV2E4, NAP-

HBV2E5, NAP-HBV2E6 and NAP-HBV2E7, and contain 0, 2 x 102 IU/ml (2.3 Log10 

IU/ml), 2 x 103 IU/ml (3.3 Log10 IU/ml), 2 x 104 IU/ml (4.3 Log10 IU/ml), 2 x 105 IU/ml 

(5.3 Log10 IU/ml), 2 x 106 IU/ml (6.3 Log10 IU/ml) and 2 x 107 IU/ml HBV DNA (7.3 

Log10 IU/ml), respectively. 

 

Clinical specimens. Plasma samples were obtained from patients managed 

in the Department of Hepatology and Gastroenterology of Henri Mondor Hospital and 

from blood donors diagnosed with HBV infection at the Institut National de la 

Transfusion Sanguine. Group A comprised 205 HBV-seronegative individuals, i.e. 

subjects with neither HBs antigen (HBsAg) nor anti-HBc antibodies in a third-

generation enzyme immunoassay (Vitros ECi, Ortho-Clinical Diagnostics, Raritan, 

New Jersey). Group B comprised 52 patients with chronic HBV infection, who all had 

detectable HBsAg, anti-HBc antibodies and HBV DNA. Initial genotype determination 

was done with the INNO-LiPA HBV genotyping assay (Innogenetics, Gent, Belgium), 

a reverse hybridization assay that targets a portion of the sequence encoding both 

HBsAg and subdomains B and C of the reverse transcriptase domain of the HBV 

DNA polymerase (overlapping open reading frame). The HBV genotype was 

confirmed in all cases by sequencing the gene encoding both HBsAg and the HBV 

polymerase, followed by phylogenetic analysis. Based on these analyses, group B 
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comprised 12 patients with HBV genotype A, 9 with genotype B, 8 with genotype C, 

10 with genotype D, 10 with genotype E and 3 with genotype F. Plasma was 

separated from whole blood by centrifugation, placed in sterile tubes and stored at -

70°C until use in this study.  

 

Assessment of CAP/CTM performance. 

Specificity. The specificity of the CAP/CTM assay was assessed by testing the 

205 HBV-seronegative clinical specimens from group A. 

Linearity, accuracy and influence of the HBV genotype. The linearity of 

quantification by CAP/CTM was assessed by testing the seven members of the 

OptiQuant™ HBV DNA standard panel, which contain up to 2 x 107 IU/ml (7.3 Log10 

IU/ml). Each panel member dilution was tested three times in the same experiment 

with both CAP/CTM and the third-generation bDNA-based Versant® HBV DNA 3.0 

assay. This assay has a dynamic range of quantification between 357 and 

17,857,000 IU/ml (2.5 to 7.3 Log10 IU/ml). The average measured values were then 

compared with the expected values. In addition, serial one-fifth dilutions down to 

signal extinction were tested in 12 genotype A, 9 genotype B, 8 genotype C, 9 

genotype D, 9 genotype E and 3 genotype F samples from group B. The dilutions 

were made with the Nucleic Acid Test (NAT) dilution matrix (AcroMetrix), a 

defibrinated, delipidized normal human plasma. We compared the results of 

CAP/CTM with those obtained for the same samples with the third-generation bDNA-

based assay in the 52 group B samples. This latter assay has been shown to be 

precise and accurate and to equally quantify HBV genotypes A to F, through the use 

of a set of 16 capture and 65 extender oligonucleotide probes spanning the full-

length HBV genome.  
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Precision and reproducibility. In order to assess precision (intra-assay 

reproducibility), each member of the OptiQuant™ HBV DNA panel was tested in 

triplicate. In order to assess inter-assay reproducibility, the low positive control (LPC) 

and the high positive control (HPC) provided with the kits were tested 35 times in the 

corresponding runs on different days. 

 

HBV DNA quantification.  

CAP/CTM. HBV DNA was extracted from 850 µl of plasma by the automated 

extractor Cobas AmpliPrep®, according to the manufacturer’s instructions. The 

Cobas TaqMan 48® Analyzer was used for automated real-time PCR amplification 

and detection of PCR products according to the manufacturer’s instructions. The data 

thus generated were analyzed with Amplilink® software. HBV DNA levels were 

expressed in IU/ml.  

bDNA. In the Versant HBV DNA 3.0 Assay, HBV DNA was recovered from 50 

µl of plasma and quantified by the semi-automated System 340® bDNA analyzer 

(Siemens Medical Solutions Diagnostics), according to the manufacturer’s 

instructions. HBV DNA levels were expressed in IU/ml.  

 

HBV genotype determination. The HBV genotype was determined by 

directly sequencing a portion of the overlapping genes encoding HBsAg and the B 

and C subdomains of the reverse transcriptase domain of HBV polymerase, followed 

by phylogenetic analysis. 

DNA extraction. DNA was extracted from 200 µl of plasma by using the 

QIAamp® MinElute™ Virus Vacuum Purification kit (Qiagen, Hilden, Germany), 
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according to the manufacturer‘s instructions. The DNA pellet was eluted with 150 µl 

of RNAse-free water containing 0.04% NaN3 (w/v) and stored at -20°C until analysis. 

PCR amplification. A hemi-nested PCR procedure was used to amplify a 492-

base-pair (bp) fragment. The first round used external sense and antisense primers 

POL-1 and POL-2 (13). Five microliters of DNA was added to the PCR mixture 

containing GeneAmp® 10X PCR Gold buffer and 10 pmol of the primers plus 

AmpliTaq Gold® DNA polymerase (Applied Biosystems, Foster City, California). 

Amplification included an initial denaturation step at 95°C for 10 min, followed by 40 

cycles of denaturation at 94°C for 30 s, annealing at 48°C for 30 s, and elongation at 

72°C for 1 min, followed by a final elongation step at 72°C for 10 min. The second-

round PCR used the same sense primer POL-1 and the internal antisense primer 

HBPr-94 (18) and included an initial denaturation step at 95°C for 10 min, followed by 

35 cycles of denaturation at 95°C for 30 s, annealing at 50°C for 30 s, and elongation 

at 72°C for 1 min, followed by a final elongation step at 72°c for 10 min. Amplification 

products (5 µl) were run on 1.5% agarose gels. The gels were stained with ethidium 

bromide and DNA was viewed under UV light. 

Purification of PCR products. The PCR products were purified using Microcon 

100 centrifugal filters (Millipore, Bedford, Massachusetts) according to the 

manufacturer’s instructions. Amplicons were eluted in 20 µl of sterile water and 

stored at -20°C until analysis. 

Sequencing of PCR products. PCR products were directly sequenced in both 

directions by using the Big-Dye Terminator Cycle v3.1 sequencing kit on the ABI 

3100 sequencer (Applied Biosystems) according to the manufacturer’s protocol; the 

primers used for sequencing were HBPr94 and POL1.  
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Phylogenetic analysis. The sequences were aligned by the Clustal W program 

(19), together with prototype sequences of HBV genotypes A to H obtained form 

GenBank (16, 17). Phylogenetic relationships were inferred by the DNADIST and 

NEIGHBOR modules of PHYLIP (Phylogeny Inference Package) version 3.65. For 

neighbor-joining analysis, a distance matrix was calculated as described by Kimura, 

using a transition to transversion ratio of 2.0. Trees were drawn with TREVIEW or 

NJPlot (9). 

 

Statistical analysis. Descriptive statistics are shown as the mean ± standard 

deviation (SD) or the median and interquartile range as appropriate. Comparisons 

between groups were made using the Kruskall-Wallis test or Mann-Whitney test. The 

relationship between quantitative variables was studied by means of regression 

analysis. P values <0.05 were considered significant. 

 

RESULTS 

 

 Intrinsic performance of the CAP/CTM assay 

 

Specificity. The specificity of CAP/CTM was assessed by testing 205 samples 

from anti-HBV-seronegative patients (group A). None of these sample tested positive 

(above the LOD of 12 IU/ml), the results being expressed as “target not detected“ in 

every case (specificity: 100%, 95% confidence interval: 98.1-100%). 

 

Precision and reproducibility. Precision (intra-assay reproducibility) was 

assessed by testing the seven members of the OptiQuant™ HBV DNA standard 
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range, that contain 0, 2.3, 3.3, 4.3, 5.3, 6.3 and 7.3 Log10 IU/ml, respectively, three 

times in the same experiment. As shown in Table 1, the coefficients of variation 

ranged from 0.22% to 2.68%. Inter-assay variability was assessed by testing both the 

high positive control (HPC) and the low positive control (LPC) 35 times in different 

experiments. The coefficients of variation were 1.31% and 4.13%, respectively (Table 

1). 

 

Accuracy, linear quantification and influence of the HBV genotype 

 

Linear quantification of standard panel dilutions. The OptiQuant™ HBV DNA 

genotype A standard panel, composed of samples containing 2 x 102 IU/ml (2.3 Log10 

UI/ml) to 2 x 107 IU/ml (7.3 Log10 IU/ml), was used to assess the linearity of HBV 

DNA quantification in the CAP/CTM assay. The panel was tested three times in the 

same experiment with both the CAP/CTM and bDNA assays. As shown in Figure 1A, 

a significant relationship was found between the average measured HBV DNA levels 

and the expected levels in the CAP/CTM assay (r = 0.9988, p < 0.0001). The 

difference between the average measured and expected HBV DNA levels ranged 

from 0.13 to 0.52 Log10 IU/ml, and was larger for the highest HBV DNA levels. A 

significant relationship was also found between the average measured and expected 

HBV DNA levels in the bDNA assay (r = 0.9995, p < 0.0001; Figure 1B). The 

difference between the average measured and expected HBV DNA levels ranged 

from 0.00 to 0.13 Log10 IU/ml. The HBV DNA level of two standards, NAP-000 and 

NAP-HBV2E2, was below the LOD of the bDNA assay (357 IU/ml, i.e. 2.55 Log10 

IU/ml). 
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Quantification of HBV DNA in clinical samples containing HBV genotypes A to 

F. Fifty-two samples from patients with chronic hepatitis B due to genotypes A to F 

(group B, see Methods) were tested with both the CAP/CTM and the third-generation 

bDNA assay. All these samples were within the dynamic range of quantification of 

both assays. As shown in Figure 2, there was a significant relationship between the 

HBV DNA levels obtained in each sample with CAP/CTM and bDNA methods, 

whatever the HBV genotype. The regression lines were always slightly below the 

expected equality line, as a result of lower values obtained with CAP/CTM than with 

the bDNA method for most samples, which were usually in the higher range of HBV 

DNA levels (Figure 2). 

Figure 3A shows a Bland-Altman plot of HBV DNA levels measured in the 52 

group B samples with the CAP/CTM and bDNA methods. The figure plots the 

difference between the two measured values (CAP/CTM minus bDNA) as a function 

of the mean of the two measurements. A moderate underestimation of HBV DNA 

levels by CAP/CTM as compared to the bDNA method was observed with 39 (75.0%) 

of the 52 samples, containing all HBV genotypes (median difference, CAP/CTM 

minus bDNA: -0.36 Log10 IU/ml). HBV DNA levels were underestimated by CAP/CTM 

as compared to bDNA in almost all samples over 4.5 Log10 IU/ml (on average -

0.42±0.19 Log10 IU/ml for samples over 4.5 Log10 IU/ml). Below 4.5 Log10 IU/ml, HBV 

DNA levels were often moderately overestimated by CAP/CTM as compared to the 

bDNA method (average difference: +0.11±0.35 Log10 IU/ml, significantly different 

from the average difference above 4.5 Log10 IU/ml, p < 0.0001) (Figure 3A). None of 

the samples had a CAP/CTM minus bDNA difference less than -1.96 times the mean 

difference, whereas four samples (two genotype A, one genotype D and one 

genotype E) had a CAP/CTM minus bDNA difference more than +1.96 times the 
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mean difference. However, the individual differences between CAP/CTM and bDNA 

values were always below 1.0 Log10 IU/ml in these samples. Box plots of individual 

differences between the two methods are shown for each genotype in Figure 3B. 

They confirm the global, moderate underestimation of HBV DNA levels by CAP/CTM 

compared to the bDNA method, independently of the HBV genotype. The median 

differences were -0.50 Log10 IU/ml for genotype A, -0.40 Log10 IU/ml for genotype B, 

-0.38 Log10 IU/ml for genotype C, -0.03 Log10 IU/ml for genotype D, and -0.25 Log10 

IU/ml for genotype E (differences not significant). HBV genotype F is not shown in 

Figure 3B because only three samples were tested. 

Figure 4 shows the distribution of individual CAP/CTM minus bDNA 

differences for each HBV genotype (represented by different colors). This figure 

confirms the global, modest underestimation by the CAP/CTM assay relative to the 

bDNA method, independently of the HBV genotype. In the majority of cases, 

underestimation was less than -0.5 Log10 IU/ml, and it was never more than -1.0 

Log10 IU/ml (11 samples had a difference between -0.54 and -0.83 Log10 IU/ml). 

Overestimation relative to bDNA values was rare and exceeded +0.5 Log10 IU/ml in 

only two cases (Figure 4). 

 

Linear quantification of serial dilutions of HBV-infected plasma. Serial one-fifth 

dilutions down to signal extinction were tested for 12 genotype A, 9 genotype B, 8 

genotype C, 9 genotype D, 9 genotype E and 3 genotype F samples from group B. 

The curves were always linear, whatever the HBV genotype, with significant 

Pearson’s coefficients ranging from 0.9916 to 0.9994 for HBV genotype A, 0.9978 to 

0.9988 for HBV genotype B, 0.9982 to 0.9999 for HBV genotype C, 0.9919 to 0.9999 

for HBV genotype D, 0.9927 to 0.9992 for HBV genotype E and 0.9946 to 0.9997 for 
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HBV genotype F. Figure 5 shows individual examples of HBV DNA levels measured 

by CAP/CTM in serial 1/5 dilutions of samples containing HBV genotypes A, B, C, D, 

E and F. The expected difference between two successive 1/5 dilutions was 0.70 

Log10 IU/ml. The mean±SD differences between the undiluted sample and the first 

1/5 dilution, and between each dilution and the subsequent dilution were 0.76±0.14, 

0.68±0.09, 0.64±0.11, 0.69±0.09, 0.77±0.10, 0.77±0.13 and 0.78±0.16, respectively, 

for genotypes A, B, C, D, E and F (no significant difference). 

 

DISCUSSION 

 

This analysis of the intrinsic performance of the CAP/CTM HBV DNA 

quantification assay shows its excellent specificity. The CAP/CTM assay was also 

precise and reproducible, as previously reported (2, 5, 14). Although the LOD of the 

CAP/CTM assay was not specifically validated here, the fact that all the standards 

containing more than the stated LOD (i.e. 12 IU/ml) tested positive suggests that the 

analytical sensitivity of the assay is in keeping with that stated by the manufacturer. 

We observed a strong, significant relationship between HBV DNA levels obtained in 

a given sample by CAP/CTM and by the third-generation bDNA-based assay, 

regardless of the HBV genotype. The use of the third-generation bDNA assay as the 

comparator was justified by the fact this assay is accurate, precise and reproducible, 

is well calibrated to the WHO HBV DNA standard (as confirmed in this study, see 

Figure 1B), quantifies HBV DNA independently of the HBV genotype, and is relatively 

immune to sequence polymorphisms, owing to the use of a large number of capture 

and amplification probes located at various positions along the HBV genome (4, 12, 

21).  
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Recently, we published an extensive analysis of the performance of the 

CAP/CTM assay for hepatitis C virus (HCV) RNA quantification (3) and identified two 

technical issues with possible clinical implications: (i) a substantial global 

overestimation of HCV RNA levels, of the order of +0.5 to +0.7 Log10 IU/ml, likely due 

to the presence of substances interfering with the real-time PCR reaction in patients’ 

blood, and (ii) marked underestimation of HCV RNA levels in approximately 15% of 

patients infected by HCV genotype 2 and 30% of those infected by HCV genotype 4, 

likely owing to mismatches in the primers and/or probe hybridization regions, related 

to natural polymorphisms (3). Neither problem was observed with the CAP/CTM HBV 

DNA assay. In particular, HBV DNA quantification was not affected by plasma 

dilution.  

In contrast with the HCV assay, we observed modest underestimation of HBV 

DNA levels in the six members of the standard panel, mainly above an HBV DNA 

level of 4.5 Log10 IU/ml. A similar modest underestimation of HBV DNA levels above 

4.5 Log10 IU/ml was observed in clinical samples relative to the bDNA assay, the 

calibration of which we confirmed as excellent (Figure 1B). This underestimation was 

independent of the HBV genotype. It is not surprising, as target amplification 

methods generally cannot reach the same level of accuracy as hybridization-based 

methods, this being the price to pay for better analytical sensitivity and broader 

dynamic ranges. Overall, the underestimation of HBV DNA levels was modest and 

should have no noteworthy clinical implications. 

In conclusion, this study shows that the CAP/CTM HBV DNA assay is 

sensitive, specific and reproducible, and that it accurately quantifies HBV DNA in 

samples from patients with chronic HBV infection. Quantification is linear over the full 

dynamic range of quantification, which covers values observed in both treated and 
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untreated patients with chronic hepatitis B. However, the upper limit of quantification 

(8.0 Log10 IU/ml) is still too low to cover the full range of possible values, that may 

reach very high levels in some cases. Therefore, any sample above the upper limit of 

quantification will need to be retested after dilution, a step that does not affect 

quantification. In our hands, CAP/CTM appeared to be suitable for large-scale routine 

analysis of samples containing HBV genotypes A to F. The impact of occasional 

nucleotide polymorphisms remains to be tested. Broad use of fully automated real-

time PCR assays should improve the management of patients with chronic HBV 

infection, as well as the monitoring of antiviral therapy and drug resistance. 
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FIGURE LEGENDS 

 

Figure 1. CAP/CTM (A) and bDNA (B) quantification of a commercial standard panel 

containing 2 x 102 (2.3 Log10) to 2 x 107 (7.3 Log10) HBV DNA IU/ml (OptiQuant™ 

HBV DNA, AcroMetrix, Benicia, California). The average measured values are shown 

as a function of the expected values (actual HBV DNA content of the panel member). 

The dashed line is the equality line. 

 

Figure 2. Correlation between HBV DNA levels measured by CAP/CTM and bDNA in 

52 clinical samples (group B) containing HBV genotypes A (Figure 2A), B (2B), C 

(2C), D (2D), E (2E) and F (2F).  

 

Figure 3. (A) Bland-Altman plot of HBV DNA levels measured by CAP/CTM and 

bDNA in the 52 group B samples. The difference between HBV DNA levels 

measured by CAP/CTM and bDNA is represented as a function of the mean of the 

two values. Different genotypes are represented by different colors. The gray area 

corresponds to the mean difference ± 1.96 standard deviation. (B) Distribution of the 

differences between HBV DNA levels measured by CAP/CTM and bDNA in the same 

samples, according to the HBV genotype (A to E). The difference was not significant. 

 

Figure 4. Individual differences between HBV DNA levels measured by CAP/CTM 

and bDNA, ranked in increasing order of bDNA values, according to the HBV 

genotype. Different HBV genotypes are represented by different colors. Bars above 

the 0 line correspond to samples for which the CAP/CTM value was higher than the 
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bDNA value, whereas bars below the 0 line correspond to samples for which the 

CAP/CTM value was lower than the bDNA value. 

 

Figure 5. HBV DNA levels measured by CAP/CTM in serial one-fifth dilutions of 

patients’ clinical samples containing HBV genotypes A (Figure 5A), B (5B), C (5C), D 

(5D), E (5E) and F (5F). Two examples are shown for each genotype. 



 18 

REFERENCES 

 

1. Abe, A., K. Inoue, T. Tanaka, J. Kato, N. Kajiyama, R. Kawaguchi, S. Tanaka, 

M. Yoshiba, and M. Kohara. 1999. Quantitation of hepatitis B virus genomic 

DNA by real-time detection PCR. J Clin Microbiol 37:2899-903. 

2. Allice, T., F. Cerutti, F. Pittaluga, S. Varetto, S. Gabella, A. Marzano, A. 

Franchello, G. Colucci, and V. Ghisetti. 2007. Cobas AmpliPrep-Cobas 

TaqMan hepatitis B virus (HBV) test: a novel automated real-time PCR assay 

for quantification of HBV DNA in plasma. J Clin Microbiol 45:828-34. 

3. Chevaliez, S., M. Bouvier-Alias, R. Brillet, and J. M. Pawlotsky. 2007. 

Overestimation and underestimation of hepatitis C virus RNA levels in a widely 

used real-time polymerase chain reaction-based method. Hepatology in press. 

4. Habersetzer, F., F. Zoulim, J. F. Jusot, X. Zhang, M. A. Trabaud, P. 

Chevallier, M. Chevallier, S. N. Ahmed, M. Sepetjan, L. Comanor, J. Minor, 

and C. Trepo. 1998. Clinical evaluation of the branched DNA assay for 

hepatitis B virus DNA detection in patients with chronic hepatitis B lacking 

hepatitis B e antigen and treated with interferon-alpha. J Viral Hepat 5:407-14. 

5. Hochberger, S., D. Althof, R. Gallegos de Schrott, N. Nachbaur, H. Rock, and 

H. Leying. 2006. Fully automated quantitation of hepatitis B virus (HBV) DNA 

in human plasma by the Cobas AmpliPrep/Cobas TaqMan system. J Clin Virol 

35:373-80. 

6. Jardi, R., F. Rodriguez, M. Buti, X. Costa, M. Cotrina, A. Valdes, R. Galimany, 

R. Esteban, and J. Guardia. 2001. Quantitative detection of hepatitis B virus 

DNA in serum by a new rapid real-time fluorescence PCR assay. J Viral Hepat 

8:465-71. 



 19 

7. Leb, V., M. Stocher, E. Valentine-Thon, G. Holzl, H. Kessler, H. Stekel, and J. 

Berg. 2004. Fully automated, internally controlled quantification of hepatitis B 

virus DNA by real-time PCR by use of the MagNA Pure LC and LightCycler 

instruments. J Clin Microbiol 42:585-90. 

8. Liu, Y., M. Hussain, S. Wong, S. K. Fung, H. J. Yim, and A. S. Lok. 2007. A 

genotype-independent real-time PCR assay for quantification of hepatitis B 

virus DNA. J Clin Microbiol 45:553-8. 

9. Page, R. D. 1996. TreeView: an application to display phylogenetic trees on 

personal computers. Comput Appl Biosci 12:357-8. 

10. Pawlotsky, J. M. 2003. Hepatitis B virus (HBV) DNA assays (methods and 

practical use) and viral kinetics. J Hepatol 39 (Suppl 1):S31-5. 

11. Pawlotsky, J. M. 2002. Molecular diagnosis of viral hepatitis. Gastroenterology 

122:1554-68. 

12. Pawlotsky, J. M., A. Bastie, C. Hezode, I. Lonjon, F. Darthuy, J. Remire, and 

D. Dhumeaux. 2000. Routine detection and quantification of hepatitis B virus 

DNA in clinical laboratories: performance of three commercial assays. J Virol 

Methods 85:11-21. 

13. Pichoud, C., B. Seigneres, Z. Wang, C. Trepo, and F. Zoulim. 1999. Transient 

selection of a hepatitis B virus polymerase gene mutant associated with a 

decreased replication capacity and famciclovir resistance. Hepatology 29:230-

7. 

14. Ronsin, C., A. Pillet, C. Bali, and G. A. Denoyel. 2006. Evaluation of the 

Cobas AmpliPrep-total nucleic acid isolation-Cobas TaqMan hepatitis B virus 

(HBV) quantitative test and comparison to the Versant HBV DNA 3.0 assay. J 

Clin Microbiol 44:1390-9. 



 20 

15. Saldanha, J., W. Gerlich, N. Lelie, P. Dawson, K. Heermann, and A. Heath. 

2001. An international collaborative study to establish a World Health 

Organization international standard for hepatitis B virus DNA nucleic acid 

amplification techniques. Vox Sang 80:63-71. 

16. Schaefer, S. 2007. Hepatitis B virus taxonomy and hepatitis B virus 

genotypes. World J Gastroenterol 13:14-21. 

17. Schaefer, S. 2005. Hepatitis B virus: significance of genotypes. J Viral Hepat 

12:111-24. 

18. Stuyver, L., S. De Gendt, C. Van Geyt, F. Zoulim, M. Fried, R. F. Schinazi, 

and R. Rossau. 2000. A new genotype of hepatitis B virus: complete genome 

and phylogenetic relatedness. J Gen Virol 81:67-74. 

19. Thompson, J. D., D. G. Higgins, and T. J. Gibson. 1994. CLUSTAL W: 

improving the sensitivity of progressive multiple sequence alignment through 

sequence weighting, position-specific gap penalties and weight matrix choice. 

Nucleic Acids Res 22:4673-80. 

20. Valentine-Thon, E. 2002. Quality control in nucleic acid testing: where do we 

stand ? J Clin Virol 25 (Suppl 3):S13-21. 

21. Yao, J. D., M. G. Beld, L. L. Oon, C. H. Sherlock, J. Germer, S. Menting, S. Y. 

Se Thoe, L. Merrick, R. Ziermann, J. Surtihadi, and H. J. Hnatyszyn. 2004. 

Multicenter evaluation of the Versant hepatitis B virus DNA 3.0 assay. J Clin 

Microbiol 42:800-6. 

22. Yeh, S. H., C. Y. Tsai, J. H. Kao, C. J. Liu, T. J. Kuo, M. W. Lin, W. L. Huang, 

S. F. Lu, J. Jih, D. S. Chen, and P. J. Chen. 2004. Quantification and 

genotyping of hepatitis B virus in a single reaction by real-time PCR and 

melting curve analysis. J Hepatol 41:659-66. 



 21 

 



 22 
 

Table 1. Intra-assay (precision) and inter-assay reproducibility of CAP/CTM HBV real-time PCR assay. For intra-assay 

reproducibility, the 7 members of the standard panel (NAP-000 to NAP-HBV2E7) containing 0 to 2 x 107 IU/ml (7.3 Log10 IU/ml) 

were tested in triplicate in the same experiment. For inter-assay reproducibility, the assay low positive control (LPC) and high 

positive control (HPC) were tested 35 times in different experiments. 

 
 

 Standard Control Target HBV DNA  
(Log10 IU/ml) 

No. of 
determinations 

Mean (SD) 
measured HCV RNA 

(Log10 IU/ml) 

Coefficient 
of variation 

(%) 
NAP-000  0.00 3 Target not detected - 

NAP-HBV2E2  2.30 3 2.03 (0.02) 0,75 
NAP-HBV2E3  3.30 3 3.17 (0.08) 2.68 
NAP-HBV2E4  4.30 3 4.09 (0.01) 0.22 
NAP-HBV2E5  5.30 3 4.96 (0.03) 0.56 
NAP-HBV2E6  6.30 3 5.79 (0.02) 0.39 

Intra-assay 
reproducibility 

NAP-HBV2E7  7.30 3 6.81 (0.08) 1.24 
 LPC LPCa 35 2.57 (0.11) 4.13 Inter-assay 

reproducibility  HPC HPCb 35 6.08 (0.08) 1.31 
aFive kit lots were used, with LPC values between 2.08 and 3.08 Log10 IU/ml, 2.04 and 3.04 Log10 IU/ml, 1.97 and 2.97 
Log10 IU/ml, 2.03 and 2.99 Log10 IU/ml, and 1.90 and 2.85 Log10 IU/ml, respectively. 
bFive kit lots were used, with HPC values between 5.59 and 6.59 Log10 IU/ml, 5.52 and 6.52 Log10 IU/ml, 5.69 and 6.69 
Log10 IU/ml, and 5.50 and 6.46 Log10 IU/ml, respectively. 
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