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Abstract

Background: Proper management of patients with chronic
hepatitis B virus (HBV) infection requires monitoring of
plasma or serum HBV DNA levels using a highly sensi-
tive nucleic acid amplification test. Because commercially
available assays differ in performance, we compared
herein the performance of the Hologic Aptima HBV Quant
assay (Aptima) to that of the Roche Cobas TagMan HBV
test for use with the high pure system (HPS/CTM).
Methods: Assay performance was assessed using HBV ref-
erence panels as well as plasma and serum samples from
chronically HBV-infected patients. Method correlation,
analytical sensitivity, precision/reproducibility, linear-
ity, bias and influence of genotype were evaluated. Data
analysis was performed using linear regression, Deming
correlation analysis and Bland-Altman analysis.

Results: Agreement between the assays for the two refer-
ence panels was good, with a difference in assay values
vs. target <0.5 log. Qualitative assay results for 159 clinical
samples showed good concordance (88.1%; k= 0.75; 95%
confidence interval: 0.651-0.845). For the 106 samples
quantitated by both assays, viral load results were highly
correlated (R=0.92) and differed on average by 0.09 log,
with 95.3% of the samples being within the 95% limit of
agreement of the assays. Linearity for viral loads 1-7 log
was excellent for both assays (R?>0.98). The two assays
had similar bias and precision across the different geno-
types tested at low viral loads (25-1000 IU/mL).
Conclusions: Aptima has a performance comparable
with that of HPS/CTM, making it suitable for use for HBV
infection monitoring. Aptima runs on a fully automated
platform (the Panther system) and therefore offers a sig-
nificantly improved workflow compared with HPS/CTM.
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Introduction

Chronic infection with the hepatitis B virus (HBV) affects
an estimated 240 million people worldwide [1]. Oral anti-
viral treatments such as tenofovir or entecavir have revo-
lutionized the treatment of chronic hepatitis B because
they are highly effective in suppressing HBV DNA replica-
tion, seldom lead to drug resistance, have simple regimen
(one pill a day) and have few side effects. However, they
do generally result in a so-called functional cure because
they do not eliminate covalent closed circular DNA or viral
DNA integrated into the host genome.

Treatment success or failure is assessed by biochemi-
cal, serological, virological and histological end points,
with the ultimate goal of therapy being a reduction of HBV
DNA levels to undetectable levels, ALT normalization,
HBsAg loss and HBeAg seroconversion [1-3]. However,
because these ideal end points are infrequently achievable
altogether with the currently available antiviral agents,
a more realistic goal is the induction of sustained viro-
logical suppression [2]. To this end, quantitative measure-
ment of HBV DNA levels (viral load) in the plasma/serum
has become a key test for confirmation of HBV infection
and monitoring of HBV-infected patients during therapy.
Guidelines recommend monitoring of HBV DNA levels
with highly sensitive nucleic acid amplification tech-
nologies every 3 months until HBV DNA is undetectable,
and then every 3-6 months thereafter to allow detection
of persistent viremia and virological breakthrough [2, 3].
Treatment failure is defined as the inability of an anti-
viral agent to reduce HBV DNA levels by >1xlog IU/mL
within 3 months of initiating therapy [1]. Virological
breakthrough (rebound) is defined as (i) an increase in
HBV DNA by >1 log compared with the patient’s nadir
[1-3] or (ii) an increase in HBV DNA level from undetect-
able levels (<10 IU/mL) to =100 IU/mL [3] in HBV-positive
patients undergoing therapy.

There are currently many commercially available,
real-time nucleic acid amplification tests (NAATSs) for HBV
DNA quantitation in patients’ clinical samples, most of
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which using PCR technology. Although these assays are
recognized for their high performance, for which they
have been granted approval in many countries, studies
published in the last decades that have conducted inde-
pendent assay evaluations and side-by-side comparisons
have shown that they slightly vary in sensitivity, bias, pre-
cision/reproducibility and degree of automation [4-13].

The Aptima® HBV Quant assay (Aptima; Hologic Inc.,
San Diego, CA, USA), which was released in late 2015, is
the latest NAAT for quantitation of HBV DNA in patients’
plasma and serum samples. The Aptima assay runs on
the Panther system (Hologic Inc.), a fully automated and
integrated platform that completely removes manual pro-
cessing. The Aptima assay consists of three steps — target
capture, target amplification via transcription-mediated
amplification (TMA) and real-time detection of amplicons
by fluorescent probes — all taking place in a single tube in
an automated manner on the Panther platform.

There are limited data currently available on the
performance of the Aptima assay compared with other
commercially available HBV DNA quantitation assays
[14]. In the present study, we aimed to assess the clini-
cal performance of the Aptima assay using HBV refer-
ence panels and clinical samples. Aptima’s performance
was compared with the Roche COBAS® TagMan® HBV
assay using the generic High Pure System (HPS/CTM;
Roche Diagnostics GmbH, Mannheim, Germany), a
semiautomated assay that has demonstrated similar per-
formance to other Roche HBV quantitative assay formats
[11] as well as assays from other manufacturers [4, 15].
Performance characteristics such as analytical sensitiv-
ity, precision, reproducibility, linearity, bias and influ-
ence of the HBV genotype were evaluated.

Materials and methods
Retrospective clinical samples

Frozen, unlinked, surplus plasma or serum specimens from HBV-
infected individuals were tested in parallel with the Aptima and HPS/
CTM assays. Samples comprised the patient population of the labora-
tory and were selected based on historical HPS/CTM viral load results
so as to span the dynamic range of the assays, and based on volume
requirements and number of previous freeze-thaw cycles. To span the
dynamic range of the assays, 20 HBV-negative samples, 20 HBV weak
positive but non quantitated samples and ~20 samples at each log [U/
mL from 1 to 8 log IU/mL were included. Low-level viremia samples (in
particular in the range of 10-100 and 101-1000 IU/mL) were derived
from patient samples diluted in negative plasma if needed. Samples
were required to have a minimum volume of at least 1.5 mL in order
to test in singlet with each assay (0.70 mL for Aptima and 0.5 mL for
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HPS/CTM). Samples also had to be subjected to <3 freeze/thaw cycles.
Aptima samples were tested in secondary tubes (SAT).

The study was performed in accordance with the requirements
of the Ethical Board of the Local State Board of Physicians (Stutt-
gart, Germany) and was conducted in adherence to the Declaration
of Helsinki. Only leftover samples from samples originally sent to
our laboratory for routine HBV testing were used. All samples were
anonymized using a unique identification number.

Reference panels

One commercially available panel and one external quality assess-
ment (EQA) reference panel were used to test the assays for bias. The
commercial panel was the Qnostics HBV Evaluation Panel (QNCM14-
038-HBV; Qnostics, Ltd., Scotland), containing a seven-member
panel of HBV genotypes A and D (at 1.7, 2.7 and 3.7 log IU/mL) and one
HBV-negative member. The panel members were tested twice with
Aptima and twice with HPS/CTM, and Aptima average results were
compared with the target values given by the manufacturer and with
HPS/CTM results. The EQA panel was the HBV Worldwide AccuSet™
Performance Panel (SeraCare Life Sciences, Milford, MA, USA), a
seven-member panel containing seven distinct HBV genotypes (A, B,
C, D, E, F and H) at viral loads ranging from 2.12 to 748 log IU/mL.
Each EQA panel member was tested twice with Aptima. Average val-
ues obtained with Aptima were compared with data from three other
assays (the Siemens VERSANT® HBV DNA 1.0 Assay (KPCR) [SVS], the
Roche COBAS® AmpliPrep/COBAS® TagMan® HBV Quantitative Test,
v2.0 [CAP/CTM], and the Abbott RealTime HBV m2000 [ART] assays)
reported by SeraCare [16], and to the consensus target values (aver-
age of the SVS, ART and CAP/CTM values). All three assays are com-
mercially available real-time PCR assays for quantitative detection of
HBV DNA in plasma and serum and have similar performance. Their
linear range of quantitation is 1.1-8.8 log IU/mL for SVS, 1.3-9.2 log
IU/mL for CAP/CTM and 1-9 log IU/mL for ART.

Linearity and precision

Linearity as well as bias was evaluated using the AcroMetrix™ HBV
Panel (#950150; Thermofisher Scientific, Waltham, MA, USA; geno-
type unspecified), which was tested in duplicate with Aptima at given
target concentrations of 50, 500, 5000, 50,000, 500,000, 5,000,000
and 50,000,000 IU/mL. Aptima and HPS/CTM linearity, bias and
precision were compared using a well-characterized clinical sample
representing genotype D, which was serially diluted with negative
plasma to seven different target concentrations of 2, 3, 4, 5, 6 and 7
log IU/mL. Five replicates of each dilution level were tested side by
side in both assays over 3 days.

Assay bias and precision at low viral load and influence
of genotype

Three clinical samples with different genotypes (A, C and D) selected
based on initial HPS/CTM viral load results were diluted with nega-
tive plasma to three different target concentrations each (1000, 100
and 25 IU/mL). Four replicates of each dilution level were tested in
the Aptima and HPS/CTM assays over 3 days.
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HBV quantitation assays

Aptima HBV Quant Dx assay: The Aptima assay is a fully automated
real-time TMA assay that quantitates HBV genotypes A through
H [17]. It is a dual-target assay with targets in the polymerase and
surface genes, two highly conserved regions of HBV DNA. Aptima is
designed to be run on the Panther system, a fully automated, random
access platform. The assay’s limit of detection (LOD) is 5.6 IU/mL for
plasma and 4.3 IU/mL for serum, and its lower limit of quantification
(LLOQ) is 10 IU/mL with a dynamic range of 1-9 log IU/mL. The test
uses 0.5 mL of specimen volume per test, with an additional 0.2 mL
for the dead volume.

COBAS® TagMan® HBV test for use with the HPS: The HPS/CTM
assay is a semiautomated, real-time PCR test that quantitates HBV
genotypes A through G [18]. The assay is a single-target assay, tar-
geting the precore/core region. HBV DNA is first manually extracted
using the generic high pure Kit (Roche Diagnostics GmbH, Man-
nheim, Germany), which consists in lysis followed by nucleic acid
extraction using glass beads. HBV DNA amplification by the PCR
TagMan assay is performed using the COBAS TagMan 48 analyzer.
The reported LOD is 5.9 IU/mL, the LLOQ is 29 IU/mL and the dynamic
range of quantitation is 1.5 to 9 log IU/mL. The test uses 0.5 mL of
specimen volume per test (no dead volume). The HPS/CTM assay is
routinely used in the laboratory by operators who are trained and
have demonstrated proficiency.

LiPA line probe assay: The LiPA assay (INNOGENETIC N.V., Gent,
Belgium) identifies HBV genotypes A-H by detection of type-
specific sequences in the HBV polymerase gene domain B-C.
Biotinylated PCR products are hybridized to immobilized specific
probes (reverse hybridization). After hybridization, conjugate and
substrate are added, resulting in a colored precipitate. This test
does not quantitate HBV DNA. The LiPA assay was used to deter-
mine the HBV genotypes in clinical samples if the sample volume
was sufficient.

Data analyses

All samples tested in this study gave valid results with both the
Aptima and the HPS/CTM assays and were included in the analysis.
The agreement between assay results for HBV qualitative results (neg-
ative, detected but below the LLOQ [<LLOQ], quantitated and above
the upper limit of quantitation [>ULQ]) was assessed by tabulation
of paired data and by calculating the degree of agreement (k) and
the associated standard error (SE) and 95% confidence interval (CI).
For clinical samples quantitated by both assays, agreement between
assay values was assessed using the Deming regression analysis with
calculation of the correlation coefficient (using Pearson’s correla-
tion) and the Bland-Altman analysis, which plots (for each sample)
the difference between assay values against the average of the two
assays. Assay linearity and bias was assessed by comparing assay
results to consensus target concentrations using regression analysis
and calculation of the correlation coefficient (Pearson’s correlation).
Assay precision was evaluated by calculating the standard deviation
(SD) for the viral load values obtained in each assay for the replicates
tested. All analyses were performed using GraphPad Prism 6 (Graph-
Pad Software, Inc., San Diego, CA, USA).
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Results

Detection and quantitation of HBV DNA
in patients’ samples

A total of 159 retrospective clinical samples were tested
in parallel with Aptima and HPS/CTM (Table 1). The con-
cordance between the assays’ qualitative data was good
with the number of observed agreements equal to 140/159
(88.1%) (k=0.75, SE=0.05, 95% confidence interval
[CI] =0.651-0.845). Overall, we found 13 positive samples
with viral loads below the LLOQ in both assays. Addition-
ally, in seven samples with Aptima results positive but
below the LLOQ, we found negative results in three cases
and positive (>LLOQ) results in four cases with the HPS/
CTM. Of the eight samples that tested positive but below
the LLOQ in HPS/CTM, seven were negative and one posi-
tive (>LLOQ) in the Aptima. The four samples that were
below the LLOQ in Aptima and quantitated by HPS/CTM
had very low viral loads (9-15 IU/mL). This was true also
for the sample that was below the LLOQ in HPS/CTM and
quantitated by Aptima (23 IU/mL). Four samples that
yielded values above the ULQ in HPS/CTM were quanti-
tated in Aptima (at viral loads of 8.26-8.73 log IU/mL).

Of the 159 samples tested in both assays, 106 (66.7%)
yielded quantitative values in both assays and were used
for quantitative correlation analysis (Figure 1). The average
viral loads ranged from 1.38 to 7.6 log IU/mL. The assays’
quantitative values were highly correlated, with R=0.92
and a slope and intercept of 0.86 (95% CI=0.81-0.92)
and 0.57 (95% CI=0.38-0.76), respectively, in the Deming
regression analysis (Figure 1A).

In the Bland-Altman analysis, 101/106 (95.3%) samples
gave results within the 95% limit of agreement of the
assays (—0.7812 to 0.9625 IU/mL); all five samples outside

Table 1: Correlation between Aptima and HPS/CTM qualitative
results in 159 clinical samples.

HPS/CTM Aptima  Total
Negative <LLOQ Quantitated >ULQ
Negative - i 0 0 24
<LLOQ 7 i 0 21
Quantitated 0 4 ii 110
>ULQ 0 0 4 4
Total 28 20 111 0 159

<LLOQ, below the lower limit of quantitation; >ULQ, above the
upper limit of quantitation. Values represent the number of samples
in each category. Agreement between the assays’ qualitative results
(in gray cells) is 140/159 =88.05% (the percentage of agreement
expected by chance is 52.62%). k=0.75; 95% Cl=0.651-0.845.
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Figure 1: Correlation between Aptima and HPS/CTM quantitative results.

Allvalues are in log IU/mL. (A) Deming regression analysis. The dotted line represents theoretical parity of results. (B) Bland-Altman analy-
sis. Dotted line represents the overall bias (average difference between Aptima and HPS-CTM results across all samples). The horizontal
solid lines represent the 95% limit of agreement —0.7812 to 0.9625. The diagonal solid line represents the difference between Aptima and

HPS/CTM results in relation to VL values using regression analysis.

the 95% limit of agreement of the assays had average viral
loads <2.65 log IU/mL and were quantitated at higher
levels by Aptima (by 1.15-2.23 log IU/mL) (Figure 1B). Viral
load values obtained with Aptima were on average higher
than HPS/CTM values by only 0.09 (SD = 0.445) log IU/mL.
However, we observed a trend in which samples with viral
loads <4 log IU/mL had slightly higher values in Aptima,
whereas those with viral loads >4 log IU/mL had higher
values in HPS/CTM (Figure 1A and B).

Aptima performance with reference panels

Aptima testing of the Acrometrix HBV Evaluation Panel
revealed an excellent agreement between Aptima data
and target values as well as excellent linearity, with a
Pearson’s correlation coefficient R? of 0.9945 (Figure 2).

Aptima testing of the Accuset and Qnostic panels
showed mean differences from the consensus target values
ranging from 0.04 to 0.54 log IU/mL for Accuset and from
0.03 to 0.54 IU/mL for Qnostics (Table 2). The highest dif-
ference between Aptima data and the consensus values
was observed for one genotype C sample (Accuset) and one
genotype D sample (Qnostics) (difference of 0.54 IU/mL
each). For the Qnostic panel, differences between Aptima
and HPS/CTM results were all below 0.5 log IU/mL
(range: 0.02-0.33 log IU/mL). For the Accuset panel, dif-
ferences between Aptima and CAP/CTM were also all
below 0.5 log IU/mL (range: 0.01-0.45 log IU/mL); differ-
ences between Aptima vs. ART and Aptima vs. SVS were
below 0.5 log IU/mL, except for one sample (no. 24703;
genotype C), which yielded differences slightly above 0.5
but below 0.7 log IU/mL.

10

R? = 0.9945

8 -

Aptima

4w

Target

Figure 2: Aptima results with the Acrometrix panel.
n=2 per target concentration level. Values are in log IU/mL. The
dotted line represents theoretical parity of results.

Assay linearity and assay precision with
clinical samples

Testing of a serially diluted clinical sample (genotype D)
over the range of quantitation (1-7 log IU/mL) in Aptima
and HPS/CTM assays showed an excellent agreement
between assay results and target values. Both assays were
linear, with slopes and intercepts equal to 0.99 and —0.09
for Aptima and 1.02 and 0.02 for HPS/CTM. The correlation
coefficients vs. target were 0.9947 for Aptima and 0.9865
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Figure 3: Assay linearity with a clinical sample.

Values are in log IU/mL. n=15 per dilution level of a genotype D sample. The dotted line represents theoretical parity of observed and

target values.

for HPS/CTM (Figure 3). Difference between assay results
and target values were small, ranging from 0.04 to 0.3 log
IU/mL for Aptima and 0.01-0.26 for HPS/CTM, demon-
strating the low bias of the assays. For both assays, testing
of each sample dilution in five replicates over 3 days
(15 replicates per dilution) produced low SDs (0.06-0.16
for Aptima; 0.07-0.37 for HPS/CTM), demonstrating good
overall assay precision, with Aptima showing greater
precision compared with HPS/CTM.

Of note, at the 10 IU/mL level, the two assays were able
to detect all replicates but only quantitated a small minor-
ity (1/15 for Aptima; 5/15 for HPS/CTM), likely because
10 IU/mL is close to the assays’ LLOQ.

Bias and precision at low viral load and
influence of genotype

Assay bias and precision at low viral loads was assessed
by testing clinical samples of genotypes A, C and D at low
viral loads (1000, 100 and 25 IU/mL) in triplicates over
4 days. Bias was low for both assays, with all assay values
differing from the target by less than 0.5 IU/mL (0.04-0.32
for Aptima; 0.01-0.48 for HPS/CTM; Table 3). Although the
genotype did not substantially impact assay bias, Aptima
bias was slightly higher with genotype C, whereas HPS/
CTM bias was slightly higher with genotype D. Precision
was good for both assays, with SDs ranging from 0.06 to
0.20 for Aptima and from 0.05 to 0.28 for HPS/CTM across
the viral loads. As expected, in most cases, assay precision

Table 3: Bias and precision of assay results at low viral loads and
influence of genotype.

GT Target® Aptima HPS/CTM
Mean SDh n Mean SD n

A 3.0 3.29 0.06 12 3.07 0.07 12
2.0 2.32 0.09 12 1.98 0.08 12

1.4 1.65 0.15 12 1.22 0.15 12

C 3.0 3.15 0.06 12 2.67 0.05 12
2.0 2.22 0.09 12 1.52 0.28 12

1.4 1.44 0.18 12 0.92 0.08 7

D 3.0 3.24 0.06 12 3.01 0.05 12
2.0 2.33 0.06 12 2.01 0.06 12

1.4 1.63 0.20 12 1.27 0.06 12

GT, genotype; SD, standard deviation. Values for target, mean and
SD are in log IU/mL. Target VL based on initial HPS/CTM results.

decreased (SD increased) as the viral load decreased (for
instance, for genotype A sample, Aptima SD was 0.06
at 1000 IU/mL, 0.09 at 100 IU/mL and 0.15 at 25 IU/mL).
Aptima precision was similar with all genotypes, whereas
HPS/CTM precision was best with genotype D. Overall,
Aptima and HPS/CTM appeared to have similar bias and
precision at low viral loads for the genotypes tested.

Discussion

In the present study, the Aptima assay demonstrated per-
formance characteristics comparable with the HPS/CTM
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assay with HBV reference panels and clinical samples,
making the Aptima assay suitable for the quantitation of
HBV DNA in clinical samples from HBV-infected patients
undergoing treatment.

Comparison between Aptima and HPS/CTM in clini-
cal samples showed (i) a high level of agreement (88.1%)
between the assays qualitative data and (ii) a high cor-
relation between the assays quantitative data (R=0.92),
with most (95.3%) of the samples falling within the
95% limit of agreement of the assays in the Bland-Alt-
man analysis. Although the average difference between
the assay was very small (0.09 log IU/mL), HPS/CTM
tended to give higher values at high viral loads, whereas
Aptima yielded higher values at low viral loads, with
this change in bias occurring around 4 log IU/mL. This
trend is opposite of that observed in the study compar-
ing Aptima HIV Quant Dx assay to HPS/CTM HIV [19]
and has not been seen when comparing Aptima HCV
Quant Dx assay vs. HPS/CTM HCV [20]. Further, this
trend was not observed in the linearity studies using
diluted clinical samples where both assays had excel-
lent linearity and correlation to target values through-
out the dynamic range of the assays. The trend observed
in the clinical sample correlation may be largely influ-
enced by the five samples showing >1 log IU/mL dif-
ference as they all had low viral loads (below 1000 1U/
mL). These discrepant samples would require further
investigation that was not possible at the time of testing
due to volume requirements; this may include testing by
a third assay to resolve the discordance. Because viro-
logical breakthrough is defined as an increase in HBV
DNA >1log vs. the nadir, differences >11og could impact
therapeutic decisions, especially if they occur in low
viral load samples. Thus, despite the small average dif-
ference between assay values (0.09 log IU/mL), it is rec-
ommended that HBV DNA monitoring for a given patient
be performed with the same assay throughout the entire
duration of treatment and that confirmatory testing be
performed for samples that show large differences (>1
log) from the previous sample.

Testing of the Accuset and Qnostic HBV reference
panels demonstrated that Aptima has excellent accu-
racy across all major HBV genotypes tested, except for a
genotype C sample in the Accuset panel and a genotype
D sample in the Qnostic panel for which Aptima showed
a slight discrepancy (difference of 0.54 log each) with the
consensus target concentration. For these two samples,
however, no discrepancy between Aptima and HPS/CTM
data was observed (assay differences were <0.5 log for all
samples), echoing the comparable performance of the two
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assays. Aptima also demonstrated excellent correlation
and linearity with the Acrometrix panel and with a seri-
ally diluted clinical sample (R? values >0.99).

Aptima had low bias and excellent precision/repro-
ducibility over the entire range of quantitation (1-7 log
IU/mL) as well as at low viral loads (25-1000 IU/mL)
across the various genotype tested (A, C and D), with
results similar to that of HPS/CTM. Both assays were able
to quantitate all samples at 25 IU/mL, but only a minority
of the samples at 10 IU/mL (most of which were detected
but <LLOQ). Therefore, in this study, the two assays dem-
onstrated similar performance at low viral loads, with
an LOD <10 IU/mL and an LLOQ falling between 10 and
25 IU/mL. Although Aptima bias was slightly better
with genotype C whereas HPS/CTM’s bias was slightly
better with genotypes A and D, overall, the two assays
had similar overall bias and precision at low viral loads.
Using an assay with high precision/reproducibility at
low viral levels allows physicians to trust that changes
in HBV DNA levels between two time points are true
and not due to excessive assay variability, which is key
to making appropriate therapeutic decisions in patients
under treatment.

In conclusion, the Aptima HBV Quant Dx assay
showed excellent overall performance in the detection
and quantitation of HBV DNA in clinical samples, with
comparable results with the well-established HPS/CTM
assay. The Aptima assay offers the advantage of using
a fully automated platform (the Panther system) with
random access capability which, unlike the HPS/CTM
assay, requires no manual operation. Full automation
reduces time to result and improves workflow, which
are highly desired assay characteristics for low to high-
throughput laboratories.
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