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Sensitive and accurate quantification of hepatitis B virus (HBV) DNA is necessary for monitoring patients
with chronic hepatitis receiving antiviral therapy in order to determine treatment response and to adapt
therapy in case of inadequate virologic control. The development of quantitative PCR assays has been crucial
in meeting these needs. The objective of this study was to compare the performance of a new real-time PCR
assay (Abbott RealTime) for HBV DNA with that of three other commercial assays for the detection of HBV
DNA. These were the Versant 3.0 branched-chain DNA assay, the Cobas Amplicor HBV Monitor test, and the
Cobas AmpliPrep-Cobas TagMan hepatitis B virus assay (CAP-CTM). HBV DNA was measured in blood
samples taken from two cohorts of patients with chronic hepatitis. HBV DNA levels measured with the Abbott
RealTime assay were highly correlated with those measured with the other three tests over their respective
dynamic ranges (r, 0.88 to 0.96). The sensitivity (detection limit, 10 IU/ml) and dynamic range of the Abbott
RealTime assay (10" to 10° IU/ml) was superior to that of the Versant assay. The RealTime assay recognized
both HBYV strains belonging to genotypes A to G and those bearing polymerase gene mutations equivalently.
In conclusion, this study demonstrates the utility of the Abbott RealTime assay for monitoring HBV DNA levels
in patients with chronic hepatitis B. Its sensitivity and wide dynamic range should allow optimal monitoring

of antiviral therapy and timely treatment adaptation.

Chronic hepatitis B virus (HBV) infections represent an
important public health issue, being a major risk factor for
hepatocellular carcinoma and leading to potentially fatal liver
damage (19). Globally, these infections are the 10th most com-
mon cause of death (13). Prevalence rates vary across the
world, with the highest rates being observed in eastern Asia,
where perinatal vertical transmission of infection from mother
to child represents an important mechanism for sustaining high
rates of infection (19). North America and northwestern Eu-
rope are areas with low prevalence rates for chronic hepatitis.
In the United States, an overall prevalence rate of 5.6% was
reported in the NHANES study (23), and in France, the prev-
alence of chronic HBV infections has been recently estimated
at 0.65% (24).

Hepatitis B is caused by infection of the liver by HBV, a
small circular, partially double-stranded DNA virus of approx-
imately 3,200 base pairs (6), followed by an immune reaction
mounted by the host to eliminate infected hepatocytes. During
the viral replication cycle, supercoiled covalently closed circu-
lar viral DNA (cccDNA) is generated, and this DNA persists in
host cells as a viral minichromosome. This cccDNA can be a
source of renewed virus production once the immune response
to the acute infection is over and thus constitutes a reservoir of
infectious viral particles, thereby leading to the development of
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chronic hepatitis in certain individuals (37). The probability of
developing chronic disease declines with age (19).

Systematic vaccination programs have been recommended
by the World Health Organization since 1991 and have been
successful in reducing de novo HBV infections in many coun-
tries (13). Recent studies have demonstrated a direct link be-
tween HBV viral load and the risk of developing disease com-
plications, such as cirrhosis and hepatocellular carcinoma (2).
In infected individuals, antiviral drugs, such as lamivudine (9),
adefovir (3, 30), and entecavir (22), are effective in reducing
viral load, normalizing liver function, and consequently reduc-
ing the incidence of long-term complications (16). Nonethe-
less, these treatments do not generally allow complete eradi-
cation of HBV from the organism, and continuous long-term
therapy is required to maintain effective viral suppression and
symptom control (32, 35, 37). In addition, the long-term effec-
tiveness of these drugs is compromised by the emergence of
antiviral resistance which allows viral breakthrough and recov-
ery of disease activity (14, 36). Several studies have shown that
the evaluation of viral load levels after 24 to 48 weeks of
therapy can predict the subsequent occurrence of antiviral
drug resistance (5, 7, 34). Furthermore, the current standard of
care is to adapt antiviral therapy in patients with drug resis-
tance as early as possible, namely, at the time of viral break-
through, defined by an increase in viremia levels by 1 log,, unit
of copies/ml compared to the nadir value (11), or even before
viral breakthrough if the viral load is not adequately sup-
pressed.

For these reasons, current consensus guidelines recommend
that viral load be measured at the first consultation of a chronic
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HBYV carrier to determine the necessity of treatment and then
regularly in patients treated with antiviral drugs in order to
monitor response to therapy (4, 15, 18, 20). This allows the
initial antiviral response to therapy to be defined and primary
treatment failure and virologic breakthrough to be detected
(10). Measurement of viral load is most simply accomplished
by detection of HBV DNA in serum or plasma using nucleic
acid amplification or signal amplification technologies (25). A
number of assay systems have been developed for quantifica-
tion of HBV DNA which differ in their sensitivity, dynamic
range, and specificity towards genomic variants of the virus
(26, 38).

The Abbott RealTime HBV test is an in vitro real-time PCR
assay for the quantification of HBV DNA in human plasma or
serum from HBV-infected individuals. The target sequence in
the HBV DNA consists of a highly conserved region in the S
gene, which is essential for the assembly and secretion of sub-
viral particles, and tolerates only minor structural changes
(27). The choice of this target region means that all HBV
genotypes (genotypes A to H) can be adequately detected and
that assay sensitivity is not compromised by YMDD mutations
conferring antiviral drug resistance, HBsAg escape mutations,
or the HBe phenotype.

The objective of this study was to compare the performance
of the Abbott RealTime HBV assay with that of three other
commercial assays for the detection of HBV DNA in clinical
samples obtained from infected patients. These three assays
were the Versant HBV DNA 3.0 assay (Bayer Healthcare), a
branched-chain DNA (bDNA) signal amplification assay (33),
the Cobas Amplicor HBV Monitor test (CAM; Roche Molec-
ular Diagnostics), an end point PCR assay, and the Cobas
AmpliPrep-Cobas TagMan hepatitis B virus assay (CAP-CTM;
Roche Molecular Diagnostics), a real-time PCR-based assay
(8, 21).

MATERIALS AND METHODS

Study samples. Samples of HBV DNA were acquired from two patient cohorts
monitored in two HBV reference centers in France. The first set of 93 serum
samples was obtained from a group of 68 patients (cohort A) infected with
HBeAg-negative HBV, treated with lamivudine, and monitored as part of a
resistance surveillance program (39). All these serum samples were prospectively
quantified using the Versant HBV bDNA 3.0 assay (Bayer, Eragny, France)
according to the supplier’s instructions. The genotypic characteristics of the HBV
strains isolated from these samples are provided in Table 1.

Cohort B consisted of 106 plasma samples from 104 patients addressed to La
Piti¢ Hospital Virology laboratory for measurement of HBV viral load. All these
samples were prospectively quantified using the CAP-CTM (Roche, Meylan,
France) according to the supplier’s instructions. Among those, 79 samples were
also tested in parallel with CAM (Roche, Meylan, France) as recommended by
the manufacturer. Residual plasma samples were stored at —80°C until they were
shipped to Abbott central facilities for RealTime HBV testing. Samples were
dispatched with a code so that the HBV DNA levels determined with the Roche
systems were unknown to the evaluator.

Sample preparation. The purpose of sample preparation is to extract and
concentrate target DNA, to make the target accessible for amplification, and to
remove potential inhibitors of amplification from the sample. This process is
accomplished by the Abbott m Sample Preparation SystemDNA (4 X 24 Preps)
(m2000sp), an automated sample preparation system designed to use magnetic
microparticle processes for the purification of nucleic acids from samples. A
sample volume of 500 wl is processed in the system for HBV DNA quantification.
The m2000sp reagents lyse the virion, capture the nucleic acids, and wash the
particles to remove unbound sample components. Proteinase K is included in the
lysis step to digest proteins associated with the nucleic acids (12, 13). The bound
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TABLE 1. Genotypic characterization of HBeAg-negative HBV
strains isolated from 93 samples obtained from cohort A

HBV strain and
relevant genotype

No. of samples
with genotype

Surface gene variants
.31

2
9
.7
.35
.6
2
1

.34
.1

nucleic acids are eluted and transferred to a 96-deep well plate. The nucleic acids
are then ready for amplification.

Internal control. A DNA sequence that is unrelated to the HBV target se-
quence is introduced into each specimen at the beginning of sample preparation.
This unrelated DNA sequence is simultaneously amplified by PCR and serves as
an internal control to demonstrate that the process has proceeded correctly for
each sample. The target sequence of the internal control is derived from the
hydroxypyruvate reductase gene from the pumpkin plant Cucurbita pepo and is
provided as a DNA plasmid in a buffer solution.

Reagent preparation and reaction plate assembly. The Abbott 72000sp com-
bines the Abbott RealTime HBV amplification reagent components (HBV oli-
gonucleotide reagent, Amplitaq Gold enzyme, and activation reagent). The Ab-
bott m2000sp dispenses the resulting master mix to the Abbott 96-well optical
reaction plate along with aliquots of the nucleic acid samples prepared by the
Abbott m2000sp. The plate is ready, after manual application of the Abbott
optical adhesive cover, for transfer to the Abbott m2000rt.

Amplification. During the amplification/detection reaction on the Abbott
m?2000rt instrument, the target DNA is amplified by Amplitaq Gold enzyme in
the presence of deoxynucleotide triphosphates and magnesium. In the initial
step, forward and reverse primers, designed to hybridize to the target sequence
in the S gene of the HBV genome, anneal to the target sequence and are
extended by the polymerase. After a denaturation step in which the temperature
of the reaction is raised above the melting point of the double-stranded DNA
product, the newly created DNA strand is denatured from the target DNA.

During each round of thermal cycling, amplification products dissociate to
single strands at a high temperature, allowing primer annealing and extension as
the temperature is lowered. Exponential amplification of the product is achieved
through repeated cycling between high and lower temperatures, resulting in a
billionfold or greater amplification of target sequences. Amplification of both
targets (HBV sequence and the internal control) takes place simultaneously in
the same reaction.

Detection. The amount of HBV target sequence that is present at each am-
plification cycle is quantified by measuring the fluorescence of the HBV probe
that binds to the target during the extension/annealing step. This probe is a
single-stranded DNA oligonucleotide consisting of a probe sequence with a
fluorescent moiety covalently linked to its 5’ end and a quenching moiety co-
valently linked to its 3’ end. In the absence of the target sequence, probe
fluorescence is quenched. In contrast, in the presence of target sequence, the
probe specifically binds to the target. During the extension/annealing step, the
exonuclease activity of the DNA polymerase cleaves the bound probe as it moves
along the template strand. This separates the fluorophore from the quencher,
allowing fluorescence emission and detection.

An analogous probe is used to detect the presence of amplification products of
the internal control. Each probe is labeled with a different fluorophore, thus
allowing simultaneous detection of both amplified products at each cycle. The
amplification cycle at which a fluorescent signal is detected by the Abbott
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TABLE 2. Comparison of the dynamic ranges of three HBV DNA
quantification assays”

No. of samples with the following result
by Abbott RealTime assay:

Test and result

Below Above
detection  Quantifiable  quantification
threshold limit

Versant assay (n = 93)
Below detection threshold 1 3 0
Quantifiable 0 59 0
Above quantification limit 0 30 0
Amplicor assay (n = 79)
Below detection threshold 0 0 0
Quantifiable 0 66 0
Above quantification limit 0 13 0
TaqMan assay (n = 106)
Below detection threshold 0 2 0
Quantifiable 0 101 0
Above quantification limit 0 3 0

“ The dynamic range of the Abbott RealTime assay was compared with those
of the Versant, Amplicor, and TagMan assays for detecting HBV DNA in 93
samples isolated from cohort A (Versant) and 106 samples isolated from cohort
B (TagMan). The cohort tested with Amplicor is a subgroup of 79 samples from
cohort B.

m2000rt is proportional to the log of the HBV DNA concentration present in the
original sample.

The Abbott RealTime HBV PCR assay is standardized against the World
Health Organization International Standard for Hepatitis B Virus DNA (NIBSC
Code 97/746) and has recently been approved in the European Union (29).
Results are reported in international units per milliliter or copies/ml.

Other quantification assays. The three other assays, Versant, CAM, and
CAP-CTM, were performed using standard published protocols on 50 pl, 100 pl,
and 850 wl of sample, respectively, as recommended by each manufacturer (8, 21,
33). These three assays are also approved for use for viral load monitoring in the
European Union.

RESULTS

Dynamic range. The dynamic range of the Abbott RealTime
assay was compared with that of the Versant bDNA assay.
Using the latter assay, HBV DNA could be quantified in 59 of
the 93 samples obtained from cohort A (63.4%). Four samples
were below the limit of detection of this assay (<357 IU/ml),
and 30 samples were above the limit of quantification (7.25 log
of IU/ml). Using the Abbott RealTime assay, HBV DNA was
quantifiable in 92 samples (98.9%), including 3 of the 4 sam-
ples in which viral DNA could not be detected with the Ver-
sant assay (Table 2). HBV DNA concentrations in these three
samples were found to be 0.44, 1.28, and 2.20 log IU/ml. In the
59 samples in which viral DNA could be quantified by both
assays, the correlation between the two measures was high (r =
0.9298; Fig. 1).

Genotype specificity. The ability of the Abbott RealTime
assay to detect accurately HBV DNA irrespective of viral ge-
notype was also investigated in comparison with the Versant
bDNA assay. Concerning the S-gene variation across viral ge-
notypes A to G, no pattern of preferential detection emerged
(Fig. 2). Similarly, over the dynamic range of the tests, no
differences were observed in the capacity of the two assays to
detect HBV DNA from viral strains bearing multiple polymer-
ase gene mutations known to confer antiviral drug resistance
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FIG. 1. Correlation between HBV DNA determinations within dy-
namic ranges using the Abbott RealTime and Versant assays for sam-
ples from 59 HBV-infected, HBeAg-negative patients for which a
quantitative result was obtained with both assays. The identity line
(solid line) as well as the best-fit correlation (broken line) is shown
(v = 0.9863x — 0.154, R* = 0.8640).

(Fig. 3). For the total population of viral isolates from cohort
A, a systematic bias could be attributed to higher values with
the Versant assay. The bias between the two methods was
estimated at —0.22 log IU/ml (95% confidence limits, —0.35 to
—0.09).

Comparison with other PCR methods. The performance of
the Abbott RealTime assay was compared with that of two
other quantitative PCR methods, CAM and CAP-CTM. In
both cases, equivalence between the assays was observed over
the entire dynamic range (Fig. 4). The correlation coefficients
determined from regression analysis were 0.8757 for the Ab-
bott RealTime assay versus the CAM assay on 66 samples
within the dynamic range of the CAM assay (38 to 38,000
IU/ml) and 0.9566 for the Abbott RealTime assay versus the
CAP-CTM on 101 samples within the dynamic range of the
CAP-CTM assay (54 to 1.1 X 10® IU/ml). The bias between
the techniques was —0.02 (95% confidence interval, —0.105/
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FIG. 2. Correlation between HBV DNA determinations within dy-
namic ranges using the RealTime and Versant assays for samples from
59 HBV-infected, HBeAg-negative patients according to surface gene
variants (genotypes are indicated).
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FIG. 3. Correlation between HBV DNA determinations within dy-
namic ranges using the RealTime and Versant assays for samples from
59 HBV-infected, HBeAg-negative patients according to the number
of polymerase gene mutations.

0.064) and —0.197 (95% confidence interval, —0.268/—0.126)
for CAM and CAP-CTM, respectively. When comparing the
two real-time PCR based methods, six samples had discordant
results falling outside the 95% confidence interval (samples 81,
54, 3, 50, 70, and 35). Retesting of the samples with the Abbott
assay confirmed the differences observed on the first run for all
but one sample (sample 54). Two samples (samples 81 and 50)
had a low viral load below 300 IU/ml, and one explanation for
the discrepancy could be the relative imprecision of the tech-
niques at this level. For the remaining three samples, the DNA
was sequenced in order to genotype each sample. One (sample
50) could not be sequenced due to a low viral load, and the last
two were genotype E viruses.

DISCUSSION

The objective of this study was to compare four different
methods for detection of HBV DNA in serum or plasma sam-
ples obtained from individuals with chronic HBV infections
and, in particular, to characterize the sensitivity and genomic
specificity of the Abbott RealTime PCR assay.

Compared with the Versant 3.0 bDNA assay, the dynamic
range and the sensitivity of the Abbott RealTime assay were
superior, allowing detection of HBV DNA in 99% of the sam-
ples compared with only 63% using the reference method. The
Abbott RealTime assay can detect and quantify viral DNA
over a range from 10 IU/ml (lower limit of detection) to 10°
IU/ml (upper limit of quantification).

The performance of the Abbott RealTime assay was com-
parable to that of two other quantitative PCR assays, the Co-
bas Amplicor HBV Monitor test and real-time PCR assay
(CAP-CTM). Compared with the former, the Abbott Real-
Time assay offers the advantage of a much wider dynamic
range (38 to 38,000 IU/ml for the Amplicor assay) and im-
proved probe selectivity. The probe of the Cobas Amplicor
HBV Monitor test targets a sequence in the viral DNA core
region, and the sensitivity of the assay may be compromised
with respect to viral strains bearing mutations in this region
(17) and genotype F variant strains (12, 31). In contrast, the
Abbott RealTime assay probe hybridizes within a highly con-
served region of the S gene, allowing accurate detection of all
viral strains evaluated. However, it should be noted that in the
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FIG. 4. Correlation between HBV DNA determinations using the
RealTime and other quantitative PCR assays in HBV DNA samples
isolated from patients in cohort B for which a quantitative result was
obtained with both assays. (Top) CAM assay (n = 66). (Bottom)
CAP-CTM assay (n = 101). The best-fit correlation (solid line) is
shown (for the CAM assay, y = 0.8653x + 0.3629 and R*> = 0.7668; for
the CAP-CTM assay, y = 0.9586x — 0.0543 and R* = 0.9276).

present comparison, only two samples bearing an F genotype
strain were evaluated.

Compared to the CAM assay, an end point PCR method,
the technology based on real-time PCR amplification offers
many advantages, in particular a wider range of quantification.
Indeed, compared to conventional PCR assays, this extended
quantification may in some cases eliminate the necessity of
performing laborious and potentially inexact dilutions in order
to determine an accurate viral load at treatment initiation. The
Abbott RealTime assay also has a slightly broader dynamic
range than the CAP-CTM, allowing better quantification at the
upper end of the range (up to 9 log IU/ml) that should reduce
the need to dilute samples from individuals with high replicat-
ing HBV. At the lower end, the extended dynamic range of the
Abbott RealTime assay reaches the sensitivity limit of the assay
of 10 IU/ml, allowing low viral DNA titers to be measured
accurately down to this threshold. In contrast, the dynamic
range of CAP-CTM (lower limit, 54.5 IU/ml) does not extend
down to the sensitivity limit of the assay (12 IU/ml), precluding
quantification of DNA in this interval and leaving a gray zone
in which the virus is detectable but not quantifiable. Interest-
ingly, all samples from cohort B that had been quantified with
CAP-CTM were also quantified using the Abbott RealTime
assay. Consistent with previous comparative evaluations of
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CAP-CTM, this study confirmed that real-time PCR-based
assays have an improved sensitivity compared to the Versant
bDNA method that should translate into an improved man-
agement of chronic HBV carriers (8, 28). Although we did not
evaluate the genotypic specificity of the CAP-CTM in our
study specifically, this assay has previously been shown to
quantify different HBV variants with equivalent precision and
specificity (8).

Interestingly, the best correlation between all these assays
was obtained with the two real-time PCR-based assays (r =
0.96). However, it should be pointed out that there was also
very little discrepancy with the two other assays. Analysis of the
few samples for which measures of viral load were discrepant
between assays did not reveal any particular viral feature which
may be associated with the mismatch. Further studies will be
needed to determine whether certain viral strains might be
incorrectly quantified by a given technique.

As has been recently demonstrated for the CAP-CTM assay
(1), the Abbott RealTime HBV assay meets all requirements
for use in monitoring viral response to antiviral treatment. Our
study also provides good evidence that it performs similarly on
serum or plasma samples. Its high sensitivity (10 IU/ml) will be
adequate for the detection of viral breakthrough at an early
stage and will allow the rapid addition of a salvage therapy
before clinical breakthrough. Early introduction of a rescue
therapy in patients with viral breakthrough has been demon-
strated to provide important benefits in terms of long-term
clinical outcome (11). The test allows detection of HBV DNA
at levels well below the levels considered necessary for the
control of disease progression (4) or associated with an ele-
vated risk of hepatocellular carcinoma (2). Furthermore, since
the latest concept of treatment adaptation is to adjust therapy
during the first year when viral load is not suppressed below 3
log,, copies/ml (10), this assay is also well suited to this new
treatment algorithm. Coupled with genomic sequencing, this
assay would also allow the rapid detection of strains bearing
resistance mutations. The low bias (—0.197 log IU/ml) and the
good correlation observed between the two real-time PCR
techniques are important to consider when serial results for the
same patient are obtained with different methods. Although it
is recommended not to change techniques between samples,
one can assume that the use of different real-time PCR assays
is likely to generate only minor quantification changes that may
be clinically irrelevant if results are reported in IU/ml.

The choice of one assay over another in a routine laboratory
should certainly consider all the aforementioned points, but
other parameters, such as the number of samples to be pro-
cessed, the need for other virus viral load measurements, the
volume of sample to process, and the cost per assay, will also be
crucial for this decision. Our study was not designed to assess
all these conditions, and further work should be conducted to
evaluate the practical use of these assays in real practice.

In conclusion, this study demonstrates the utility of the
Abbott RealTime test for monitoring HBV DNA levels in
serum or plasma samples from patients with chronic HBV
infections. Its sensitivity and wide detection range should
allow optimal monitoring of antiviral therapy and timely
treatment adaptation.
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