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a  b  s  t r  a  c  t

Qualitative  HBsAg  assay  is  used  to screen  HBV  infection  for decades.  The  utility of  quantitative  assay  is
also  rejuvenated  recently.  We  aimed  to evaluate  and  compare  the  performance  of  a novel ultra-sensitive
and  quantitative  assay,  the Lumipulse  assay,  with  the  Architect  and  Elecsys  assays.

As  screening  methods,  specificity  was  compared  using  2043  consecutive  clinical  routine  samples.  As
quantitative  assays,  precision  and  accuracy  were  assessed.  Sera  from  112  treatment-naïve  chronic  hep-
atitis B patients,  four patients  undergoing  antiviral  therapy  and one  patient  with  acute  infection  were
tested  to compare  the  correlations.  Samples  with  concurrent  HBsAg/anti-HBs  were  also  quantified.

The Lumipulse  assay  precisely  quantified  ultra-low  level  of HBsAg  (0.004  IU/mL).  It identified  addi-
tional  0.98%  (20/2043)  clinical  samples  with  trance  amount  of HBsAg.  Three  assays  displayed  excellent
linear  correlations  irrespective  of  genotypes  and  S-gene  mutations  (R2 > 0.95,  P  < 0.0001),  while  minor
quantitative  biases  existed.  The  Lumipulse  assay  did  not  yield  higher  HBsAg  concentrations  in  samples
with  concomitant  anti-HBs.

Compared  with  other  assays,  the  Lumipulse  assay  is sensitive  and  specific  for detecting  HBsAg.  The
interpretation  of the  extremely  low-level  results,  however,  is  challenging.  Quantitative  HBsAg  results
by  different  assays  are  highly  correlated,  but  they  should  be interpreted  interchangeably  only  after
conversion  to eliminate  the biases.

© 2015  Elsevier  B.V.  All  rights  reserved.

1. Background

Infection of hepatitis B virus (HBV) remains a severe threat to
the public health worldwide, especially in the Asia-pacific region
(Chen et al., 2000). For example, the prevalence of hepatitis B sur-
face antigen (HBsAg) is 7.18% in China; accordingly there are ca.

Abbreviations: HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; HBeAg,
hepatitis B e antigen; anti-HBc, antibodies against hepatitis B core antigen; anti-
HBs, antibodies against hepatitis B surface antigen; NAT, nucleic acid testing; CHB,
chronic hepatitis B; HCC, hepatocellular carcinoma; OBI, occult HBV infection; PEG-
IFN, peginterferon; NA, nucleos(t)ide analogue; ETV, entecavir; cccDNA, covalently
closed circular DNA; CV, coefficient of variation.

∗ Corresponding author at: Peking University People’s Hospital, Peking Uni-
versity Hepatology Institute, Xizhimen South Street, Beijing 100044, China.
Tel.:  +86 10 8832 5566; fax: +86 10 8832 5723.

E-mail addresses: yangruifeng103@163.com (R. Yang),
sguangjun2013@163.com (G. Song), 1282071984@qq.com (W.  Guan),
1520219971@qq.com (Q. Wang), helen yan320@sohu.com (Y. Liu),
weilai@pkuph.edu.cn (L. Wei).

1 Tel.: +86 10 8832 5727.
2 Tel.: +86 10 8832 5734.
3 Tel.: +86 10 8832 5720.

93 million HBV carriers, among whom 30 million are patients with
chronic hepatitis B (CHB) (Liang et al., 2009; Lu and Zhuang, 2009).
CHB patients are at high risk of progressing to cirrhosis, liver failure
and hepatocellular carcinoma (HCC) (Fattovich et al., 2008).

As a hallmark of HBV infection, serum qualitative HBsAg
assay has been used for screening and diagnosis of HBV infec-
tion for decades. It still plays an important role even in the era
of nucleic acid testing (NAT), especially for the resource-limited
countries with a high prevalence of HBV infection (Allain and
Cox, 2011). Recent studies also indicate the clinical significance
of the quantitative HBsAg assay. For example, HBsAg levels vary
in different phases of the natural history of HBV infection (Tseng
and Kao, 2013). Baseline HBsAg < 1000 IU/mL and HBsAg annual
decrease >0.3 log10 IU/mL were associated with HBsAg seroclear-
ance. HBsAg ≥ 1000 IU/mL and HBV DNA ≥ 200 IU/mL could be
combined to identify patients with risk of switching from inac-
tive carrier to reactivation status (Martinot-Peignoux et al., 2013).
The cumulative risk for cirrhosis and HCC rises with the increase of
serum HBsAg levels (Lee et al., 2013). On the other hand, baseline
or on-treatment HBsAg level can be potentially applied to predict
the treatment outcome. Our previous study indicated that serum
HBsAg < 1500 IU/mL at week 12 and <2890 IU/mL at week 24 had
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negative predictive values >90% for HBV e antigen (HBeAg) serocon-
version at week 48 in patients treated with peginterferon (PEG-IFN)
(Ma  et al., 2010). The absence of HBsAg decline during PEG-IFN
treatment helps identify the non-responders and determine the
early stopping rule during PEG-IFN treatment (Rijckborst et al.,
2012). Although the decline of HBsAg during the nucleos (t) ide ana-
logue (NA) treatment seemed not so drastic (Zoulim et al., 2015),
baseline HBsAg <1000 IU/mL and on-treatment HBsAg reduction
>0.166 log IU/mL per year were optimal cutoff levels for predicting
the long-term HBsAg loss (Seto et al., 2013).

Compared with HBV DNA testing, HBsAg assay is simple, cheap
and provide results rapidly. There have been several commer-
cial quantitative assays available (Burdino et al., 2014; Lee et al.,
2012; Sonneveld et al., 2011). A novel HBsAg quantitative assay,
the Lumipulse G HBsAg-Quant assay, has been recently developed
(Matsubara et al., 2009). It is based on a new chemiluminescent
enzyme immunoassay technology, claiming an ultra-sensitivity
of 0.005 IU/mL. The assay is performed automatically on the
Lumipulse G1200 immunoanalyzer (Choi et al., 2013). Trace
amount of serum HBsAg could be detected even after the sero-
conversion (Shinkai et al., 2013). In this study, we evaluated and
compared the performance of the Lumipulse G HBsAg-Quant with
two commonly used assays, the Architect HBsAg and the Elecsys
HBsAg II Quant assays in various clinical settings.

2. Materials and methods

The study was approved through the Peking University People’s
Hospital Ethical Committees.

2.1. HBsAg assays

The principle and procedure of the Lumipulse G HBsAg-Quant
assay (Fujirebio, Tokyo, Japan) was described previously (Shinkai
et al., 2013). Samples with results exceeding the upper limit was
retested through 100-, 200- or 1000-fold dilution. HBsAg quan-
tification using the Architect HBsAg assay (Abbott Ireland, Sligo,
Ireland) and Elecsys HBsAg II Quant assay (Roche Diagnostics,
Mannheim, Germany) was performed according to the manufac-
turer’s instruction. The characteristics of the assays are summarized
in Table 1.

2.2. HBsAg confirmatory tests

The presence of serum HBsAg was confirmed using the HBsAg
confirmatory kits. HBsAg detected using the Lumipulse HBsAg
assay was confirmed by the Lumipulse HBsAg confirmatory assay
(Fujirebio, Tokyo, Japan), and the HBsAg detected using the
Architect HBsAg assay was confirmed by the Architect HBsAg
Confirmatory V.1 assay (Abbott, Wiesbaden, Germany). Polyclonal
neutralizing antibodies against HBsAg were used to bind the
immunodominant epitopes and thereby block the binding sites
for the capture antibodies used in the HBsAg assays. Briefly, the
sample with repeatedly positive HBsAg results was  split as two
aliquots. Reagent containing the neutralizing antibodies and the
control reagent were added in parallel. HBsAg concentrations were
measured after thorough mixing and incubation, and then the inhi-
bition rate was calculated.

Inhibition rate (%) = CA − CB

CA
.

where C is the HBsAg concentration (mIU/mL) for the Lumipulse
assay, and sample/cutoff ratio (S/Co) for the Architect assay; A is the
control reagent; B is the reagent containing neutralizing antibodies. Ta
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