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ABSTRACT

Background: Novel serological markers for Hepatitis B virus (HBV) infection are needed for prognosis and
guidance of therapy.

Objective: We evaluated the diagnostic performance of the Fujirebio Lumipulse G HBcrAg immunoassay on the
Fujirebio LUMIPULSE G1200 analyzer.

Study design: Analytical performance was examined using three HBeAg positive HBV samples. Diagnostic spe-
cificity was assessed using subpanels of 54 confirmed acute HAV, HCV, HEV, B19, CMV and EBV infections.
Diagnostic sensitivity was investigated in well-defined HBV positive patient groups, both treated and untreated,
including immunocompromised patients.

Results: The Lumipulse G HBcrAg immunoassay provided a linear measurement at a dilution between 1:100
and1:10,000. Six out of 54 samples showed non-specific reactivity in sera from acute CMV, EBV and HEV in-
fections, of which 2 of them > 3 log U/ml. The highest levels of HBcrAg were measured in HBeAg positive
patients, in both treated and untreated as well as in immunocompromised patients. Untreated patients had
relatively low serum HBcrAg levels in the inactive carrier phase, which increased upon progression into the
HBeAg-negative hepatitis phase. Also, we showed that the applicability of HBcrAg to distinguish between pa-
tients with resolved HBV infection and false-positive reactivity to solitary anti-HBc is limited.

Conclusions: Our study demonstrated significant differences in HBcrAg levels depending on HBeAg status, the
clinical phase, as well as the treatment status. Specificity of the assay is good; only 2 out of 54 samples showed
reactivity above 3 log U/ml. Before implementing the assay in clinical practice, additional research in larger
patient cohorts should be carried out.

1. Background and objectives

antibodies directed against the HBeAg, the HBsAg and the hepatitis B
core antigen (HBcAg). These parameters are used to determine the

Chronic hepatitis B virus (HBV) infection is a global health problem
affecting more than 350 million people. Prolonged liver inflammation
caused by active infection with HBV may result in liver fibrosis, cir-
rhosis, and hepatocellular carcinoma. Currently, the majority of chronic
HBV patients are treated with nucleo(s)tide analogues (NUC).
Treatment with NUC is highly effective in suppressing HBV replication,
but does not completely eliminate the virus, necessitating life-long
therapy for patients [1].

The disease of an individual chronic HBV patient is monitored by
various clinical laboratory parameters in serum, including alanine
aminotransferase [ALT], hepatitis B e antigen (HBeAg), hepatitis B
surface antigen (HBsAg) and HBV-DNA levels, as well as serum

disease phase and consequently the indication for antiviral treatment.
Recently, an additional serum marker, hepatitis B core-related antigen
(HBcrAg), has been reported to be useful for monitoring HBV treatment
response [2-4]. HBcrAg was shown to correlate with serum HBV DNA
and to a lesser extent to HBsAg [5]. HBcrAg is a combined measure of
three proteins encoded by the precore/core region of the cccDNA:
HBcAg, HBeAg and a 22 kDa precore protein (p22cr) [6]. Interestingly,
HBcrAg levels have been reported to relate to intrahepatic covalently
closed circular DNA (cccDNA) levels, allowing monitoring of residual
viral DNA in the liver. In addition, HBcrAg has been suggested to be a
predictor of off-treatment responses following cessation of NUC treat-
ment [5,7-11].
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Numerous studies are being conducted to determine the diagnostic
value of HBcrAg in clinical practice. However, data regarding analytical
performance as well as diagnostic sensitivity and specificity of this test
are limited in a European setting [6].

In the current study, we used well-defined sets of clinical samples to
evaluate the analytical and diagnostic performance of the Lumipulse G
HBcrAg chemiluminescent immunoassay on the LUMIPULSE G1200 for
the detection of HBcrAg. Furthermore, we assessed the applicability of
the assay by determining serum HBcrAg levels in both acute HBV and
chronic HBV patients at various stages of their disease and in im-
munocompromised patients.

2. Study design
2.1. Measurement of HBcrAg levels

Serum or plasma levels of HBcrAg (expressed as kU/mL or log U/
mL) were measured using the Lumipulse G HBcrAg assay (Research Use
Only, distributed by Fujirebio Europe, Ghent, Belgium) on a LUMIPU-
LSE G1200 analyser (Fujirebio Inc., Tokyo, Japan). The LUMIPULSE
G1200 is a mid-sized fully automated immunoassay instrument, using
the chemiluminescent enzyme immunoassay (CLEIA) technique.
HBcrAg levels are determined following the manufacturer’s instruc-
tions. The upper limit of quantitation (ULOQ) of the Lumipulse HBcrAg
assay is 7 log U/ml. The lower limit of detection (LLD) is 2 log U/ml,
but the assay has been previously validated from 3 log U/ml onwards
[5,6]. Samples with HBcrAg levels above 7 log U/mL were diluted with
manufacturer’s sample diluent and retested.

2.2. Patient samples

Serum and plasma samples were collected retrospectively from pa-
tients hospitalized or visiting the outpatient clinic of Erasmus MC,
Rotterdam, the Netherlands. Serum samples were archived in a biobank
at the Erasmus MC at — 20 °C and EDTA-plasma samples were stored at
—80°C. Serological testing of the HBV panels (HBsAg, anti-HBc,
HBeAg, anti-HBe and anti-HBs) were performed on the Abbott Architect
system from December 2009 until June 2013 and from June 2013 on-
wards on the DiaSorin, Liaison XL [12]. To determine the analytical
performance of the HBcrAg immunoassay, we performed a dilutional
linearity experiment. Three random HBsAg positive, HBeAg positive/
anti-HBe negative samples were selected.

To assess the diagnostic specificity of the HBcrAg immunoassay, a
panel of serum/EDTA plasma samples was selected from patients with
acute Epstein—Barr virus (EBV) infections (n = 10), acute cytomegalo-
virus (CMV) infections (n = 10), acute B19 virus infections (n = 9),
acute hepatitis A virus (HAV) infections (n = 5), chronic hepatitis C
virus (HCV) infections (n = 10), acute hepatitis E virus (HEV) infection
(n = 10), and healthy individuals vaccinated for HBV (n = 10). All
samples were negative for anti-HBc antibodies.

To determine the diagnostic sensitivity of the HBcrAg immunoassay,
samples from different patient populations were tested. These included
samples from acute HBV patients (n = 8), individuals with HBsAg-loss
(n = 30) as well as samples from untreated chronic HBV patients at
different HBV clinical phases as presented in Table 1 (n = 97 divided
over 4 groups). Patients were older in more advanced clinical phases.
Immunotolerant patients were mainly female because pregnant women
are screened in the Netherlands for HBV. Chronic HBV patients at dif-
ferent clinical phases in the natural history were selected as previously
described [13]. In addition, samples from NUC treated patients were
tested: NUC treated HBeAg positive patients (n = 20) and NUC treated
HBeAg negative patients (n = 19), as well as immunocompromised
patients who had undergone transplantations of hematological stem
cells or solid organ (heart or kidney) transplantations (2 HBeAg positive
and 5 HBeAg negative patients).

To determine if HBcrAg can be detected in serum of patients with
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resolved HBV infection, anti-HBc-positive, HBsAg negative samples
from patients with a confirmed resolved HBV infection were selected.
The samples were divided into 3 groups: 1) 10 patients who were anti-
HBs positive and anti-HBe positive; 2) 10 patients who were anti-HBs
negative and anti-HBe positive; 3) 10 patients who were anti-HBs ne-
gative and anti-HBe negative.

2.3. Statistical analysis

IBM SPSS version 24 was used for statistical analyses. HBcrAg was
log1o transformed. To compare medians for univariate analyses, we
applied the Mann-Whitney U test. P-values were two-sided and con-
sidered statistically significant if < 0.05.

3. Results
3.1. Dilutional linearity

To determine the detection range of the Lumipulse G HBcrAg assay,
serum samples of 3 HBsAg-positive, HBeAg-positive patients were se-
rially diluted and compared to the calibration curve. As shown in Fig. 1,
the linear range is observed when the sample is diluted between 100-
fold and 10,000-fold. At higher dilutions, an inflexion of the curve is
observed and a leveling effect is seen. The recommendation of the
manufacturer for samples over-range is to dilute the sample 100-fold, or
in rare cases 400-fold, in sample diluent (SD1) and re-test the sample.
This is in concordance with our findings.

3.2. Diagnostic specificity

To determine the diagnostic specificity of the Lumipulse G HBcrAg
immunoassay, samples were measured from patients with distinct acute
and chronic viral infections, as well as vaccinated healthy controls. As
presented in Fig. 2, HBcrAg was undetectable (2 log U/ml) in all
samples from healthy individuals vaccinated for HBV. Similarly, all
samples from patients with an acute B19 or acute HAV infection or HCV
infection (HCV RNA positive) had undetectable HBcrAg levels. In 2
independent experiments, we observed that sera from patients with an
acute infection of EBV (n = 1), CMV (n = 3) or HEV (n = 2), with no
known medical history of HBV infection, showed HBcrAg levels in the
range between 2 log and 3.5 log U/ml. Only 2 samples showed HBcrAg
levels > 3 log U/ml. These 6 patients were confirmed to be anti-HBc
negative.

3.3. Distribution of serum HBcrAg levels in acute and chronic HBV infection

Next, we determined the concentration range of HBcrAg in various
groups of samples obtained from carefully selected HBV patients.
Samples from acute and chronic HBV patients were selected. As shown
in Fig. 3, all except one patient with acute HBV showed HBcrAg levels
higher than 5 log U/ml. The acute HBV patient with a serum HBcrAg
level of 2 log U/ml was likely infected with HBV 2 months prior to
sample collection. At the time of sampling, the patient was HBsAg po-
sitive, HBeAg negative and anti-HBe negative, with an HBV DNA level
of 22,500 IU/ml.

Based on the serum levels of HBV DNA, ALT and HBeAg, chronic
HBV patients are classified as being in the immunotolerant, im-
munoactive, inactive carrier and HBeAg negative hepatitis phase [14].
In samples from HBeAg positive patients (immunotolerant and im-
munoactive phase) relatively high HBcrAg levels were detected with a
median value of 7.9 and 7.6 log U/ml, respectively (p = 0.03, Table 2).
After seroconverting to anti-HBe and progressing to the inactive carrier
phase, HBcrAg levels had a much lower median value of 2.3 log U/ml.
Surprisingly, serum HBcrAg levels were higher again during the HBeAg
negative hepatitis phase with a median value of 4.6 log U/ml
(p < 0.001).
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Table 1
Patient characteristics of chronic HBV patients at different clinical phases.
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Immunotolerant phase

Immunoactive phase Inactive carrier phase HBeAg-neg hepatitis phase

N 16 28 28 25
Age (years) 31 (18-39) 31 (19-48) 38 (20-72) 41 (23-66)
Male/Female 2/14 14/14 13/15 18/7
Ethnicity Caucasian 0 1 2 1

Asian 0 2 2 3

African 16 25 17 16

Other 0 0 7 5
HBV genotype A-B-C-D-E-unknown 0-7-8-1-0-0 2-5-18-3-0-0 4-6-3-4-3-8 5-2-5-9-1-3
HBV-DNA* Log IU/ml 8.8 (7.9-9.2) 7.5 (5.4-9.1) 2.7 (1.3-4.2) 6.1 (3.9-8.2)
ALT (IU/ml)* 21 (14-36) 65 (34-248) 23 (13-43) 76 (29-243)
qHBsAg* Log U/ml 4.7 (4.0-4.8) 4.2 (3.3-4.9) 3.3(1.2-4.7) 4.1 (3.0-4.1)
qHBcrAg* Log U/ml 7.9 (7.3-8.2) 7.6 (5.4-8.2) 2.3 (2.0-4.3) 4.6 (2.0-7.4)

*Median (range), ALT; alanine transaminase.
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Fig. 1. Linearity of dilution of HBcrAg levels in sera of 3 chronic HBV patients.
All patients were HBeAg positive and anti-HBe negative. Both axes are loga-
rithmic. All undiluted samples have a reading of 7 log U/ml, which is the upper
limit of detection of the assay.
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Fig. 2. Specificity of Lumipulse G HBcrAg immunoassay. Dotplot showing the
mean, and standard error of the mean of the log HBcrAg concentration in serum
of patients with diagnosed acute infections of EBV (n = 10), CMV (n = 10), B19
(n = 9), HAV (n =5), HEV (n = 10), chronic HCV (n = 10) and healthy
controls vaccinated for HBV (n = 10). The lower limit of detection (LLD) of 2
log U/ml is shown as a dashed line.

In the NUC treated group, HBeAg positive patients had significantly
higher HBcrAg levels with a median value of 5.3 than HBeAg negative
patients with lower levels of 3.7 log U/ml (p = 0.001). Untreated pa-
tients who require treatment according to treatment guidelines were
compared with treated patients who had the same HBeAg status
(Table 2). HBcrAg levels in samples from immunoactive patients were
significantly higher than in NUC treated HBeAg positive patients (7.6
versus 5.3 log U/ml; p < 0.001). Similar findings were found for
samples from untreated versus treated HBeAg negative hepatitis pa-
tients (4.6 versus 3.7 log U/ml; p = 0.004).

Finally, sera from 2 groups of immunocompromised patients, both
on NUC therapy, were tested. Relatively high HBcrAg levels were de-
tected in the 2 HBeAg positive NUC immunocompromised patients (8.1
and 8.3 log U/ml), whereas lower, but highly, variable HBcrAg levels
were found in the 5 HBeAg negative patients (2.0, 2.6, 2.8, 4.1 and 6.3
log U/ml).
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Fig. 3. Fluctuating HBcrAg levels in serum of patients with acute, chronic and
resolved HBV infection. HBcrAg was determined in serum of patients with acute
HBV (n = 8); patients in the immunotolerant (IT, n = 16), immunoactive (IA,
n = 28), inactive carrier (IC, n = 28), and HBeAg-negative hepatitis phase
(ENEG, n = 25), with HBsAg-loss (n = 30), and NUC treated patients who were
HBeAg-positive (n = 20) or HBeAg-negative (n = 19), and patients who were
immunosuppressed and HBeAg positive (n = 2) or HBeAg negative (n = 5). *
p < 0.05. The LLD is 2 log U/ml.

3.4. Serum HBcrAg levels in anti-HBc positive, HBsAg-negative individuals

To further explore the applicability of the HBcrAg immunoassay, we
determined the serum HBcrAg levels in a group of patients with re-
solved HBV infections, defined as anti-HBc positive, and HBsAg nega-
tive. We compared the HBcrAg levels in patients with 1) detectable
serum antibodies of anti-HBe and anti-HBs, 2) anti-HBe antibodies, but
not anti-HBs, and 3) anti-HBc antibodies, but no detectable anti-HBe
and anti-HBs. As shown in Fig. 4, irrespective of the experimental
group, most individuals had undetectable HBcrAg levels in serum
(using a cutoff of 2 log U/ml). Only 3 patients had detectable, but very
low, HBcrAg levels (2.5, 3.0 and 3.1 log U/ml). Therefore, the applic-
ability of HBcrAg to distinguish between patients with resolved HBV
infection and false-positive reactivity to solitary anti-HBc is limited.

4. Discussion

Treatment of HBV is costly, and long-term therapy is a major fi-
nancial burden on health care systems. To allow clinicians to make
individual treatment decisions for their patients there is a need for the
development of new diagnostic markers providing insight in the clinical
response.

In this study we evaluated the analytical and diagnostic
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Table 2

Comparison of serum HBcrAg levels between experimental groups. Mann-Whitney U test comparison of median values.
Comparative groups HBcrAg (log U/ml) p-value
Untreated immunotolerant (n = 16) vs untreated immunoactive patients (n = 28) 7.9 vs 7.6 p = 0.03
Untreated inactive carrier (n = 28) vs untreated HBeAg-negative hepatitis phase (n = 25) 2.6 vs 4.6 p < 0.001
NUC treated HBeAg positive (n = 20) vs NUC treated HBeAg negative patients (n = 19) 5.3vs 3.7 p < 0.001
NUC treated HBeAg positive (n = 20) vs untreated HBeAg positive immunoactive patients (n = 28) 5.3vs 7.6 p < 0.001
NUC treated HBeAg negative patients (n = 19) vs untreated HBeAg negative hepatitis patients (n = 25) 3.7 vs 4.6 p = 0.004

HBcrAg 6 HBsAg negative
(Log U/ml) Anti-HBc positive
4-
3 %
LLD —]
anti-HBs + _ -
anti-HBe + + _

Fig. 4. Low to undetectable serum HBcrAg levels are observed in anti-HBc
positive and HBsAg negative individuals. The serum levels are compared be-
tween 3 groups of 10 patients each differing in the levels of anti-HBsAg and
anti-HBeAg. The LLD is 2 log U/ml.

performance of the Lumipulse G HBcrAg immunoassay. We confirmed
the dynamic range of the assay as described by Kimura et al [6]. In
addition, cross-reactivity in the HBcrAg immunoassay was observed in
a small number of patients with acute viral infections with CMV, EBV
and HEV, but without evidence for previous exposure to HBV. These
non-specific readings in the lower range of the HBcrAg assay increased
the reliable cut-off to 3 log. Our findings are adding to the original
findings by Kimura who observed positivity in the HBcrAg im-
munoassay in samples from anti-HCV positive patients, and using our
extensive panel of patients with acute infections we confirmed that the
HBcrAg levels in the lower range should be interpreted with caution.
However, it should be noted that these acute infections are rare, and
that for diagnostic purposes HBcrAg levels will generally be determined
in combination with routine HBV serology. The non-specific readings
are likely due to cross-reactivity of the reagents with epitopes shared
between the various virus components.

We performed a comprehensive analysis of serum HBcrAg levels in
well-defined groups of chronic HBV patients, and demonstrated sig-
nificant differences across HBeAg status, clinical phase, and on-treat-
ment status. Regarding the clinical HBV phases, we demonstrated that
the median HBcrAg values were comparable with earlier published
studies: in the immunotolerant phase we found HBcrAg levels of 7.9 log
U/ml, compared to 8.4 and 8.5 log U/ml in studies published by
Maasoumy and Seto [15,16]. This also accounts for the measurements
of samples of patients in the immunoactive phase 7.6 log U/ml (our
cohort), and 8.1 and 7.9 log U/ml [15,16] as well as the serum HBcrAg
levels in our HBeAg-negative patients. The median serum HBcrAg levels
of inactive carriers were 2.3 log U/ml in our study, while they were 2.0
and 2.6 log U/ml in the studies by Maasoumy and Seto, respectively.
Lastly, in samples of the HBeAg negative hepatitis phase, we detected a
level of 4.7 log U/ml HBcrAg, while the earlier studies detected 4.8 and
4.9 log U/ml HBcrAg [15,16]. Thus, our study and earlier studies are
consistent in the levels detected in chronic HBV patients at distinct
clinical phases, reflecting the reproducibility of the HBcrAg im-
munoassays across different laboratories using different panels of pa-
tient samples. In this respect it is also relevant to mention that in our
mixed study population consisting of all HBV genotypes, the levels of
serum HBcrAg did not significantly differ among HBV genotype A, B, C

and D (data not shown).

Anti-HBc positive individuals who receive chemotherapy or biolo-
gical therapy, and anti-HBc positive liver allograft recipients are at risk
of HBV reactivation. There is a need for a marker that discriminates
between patients who are at risk of reactivation and patients who are
not. For this reason discrimination between resolved HBV infection and
false-positive reactivity is essential [17]. HBcrAg was earlier reported to
be a good surrogate marker of intrahepatic cccDNA [5]. However, in
our study, in samples of patients who had a documented resolved in-
fection of HBV, no HBcrAg was detected while the livers of these pa-
tients probably still harbor cccDNA, as has been reported before. Since
we did not test for cccDNA, further research should elucidate the pos-
sible correlation between HBcrAg and cccDNA levels in HBsAg negative
patients. The three samples with detectable HBcrAg levels were ob-
tained from patients who recently resolved their HBV infection (months
prior to sample collection). Interestingly, the HBcrAg levels in the
HBeAg-negative hepatitis phase are higher compared to the HBeAg-
negative inactive carrier. Again, this is in contrast to earlier findings
that intrahepatic cccDNA quantity correlates with serum HBcrAg levels.
It has been reported that in the natural history of chronic HBV higher
intrahepatic cccDNA levels are observed in the inactive carrier com-
pared to the HBeAg-negative hepatitis phase [18].

In conclusion, our study demonstrated significant differences in
HBcrAg levels depending on the HBeAg status, the clinical phase, as
well as on the treatment status. Specificity of the assay is good; only 2
out of 54 samples showed reactivity above 3 log U/ml. Before im-
plementing the assay in clinical practice, additional research in larger
patient cohorts should be carried out.
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