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Abstract: Background: Hepatitis B virus (HBV) infection remains a threat to global public health.
Serum hepatitis B surface antigen (HBsAg) has been used in screening for HBV infection. Quan-
titative HBsAg assays are useful for monitoring the natural history of HBV infection and its re-
sponse to therapy. The aim of this study was to determine the relationship between quantita-
tive (qHBsAg; IU/mL) and semi-quantitative (sqHBsAg; signal-to-cutoff ratio [S/Co]) HBsAg
titers in patients with chronic hepatitis B (CHB). Methods: We retrospectively included 284 sam-
ples with HBV DNA < 20 IU/mL from patients who had simultaneous qHBsAg (using electro-
chemiluminescence assay) and sqHBsAg tests. Patients were grouped according to their serum
HBV-envelope antigen (HBeAg) status (HBeAg-negative, n = 239 and HBeAg-positive, n = 45). The
Spearman test was used to analyze the correlation between the quantitative and semi-quantitative
assays. Results: There was a significant linear correlation between sqHBsAg and qHBsAg in the
HBeAg-negative patients (qHBsAg [IU/mL] = 0.0094 × sqHBsAg [S/Co]1.323; adjusted R2 = 0.8445;
p < 0.001). There was a substantial hook effect in the assays from the HBeAg-positive patients,
so we performed a stratified analysis according to qHBsAg <1000 IU/mL or ≥1000 IU/mL and
found a significant positive linear correlation between sqHBsAg S/Co and qHBsAg (qHBsAg
[IU/mL] = 0.072 × sqHBsAg [S/Co]1.331; adjusted R2 = 0.7878; p < 0.001) in HBeAg-positive patients
with qHBsAg titers of <1000 IU/mL and a significant negative correlation in HBeAg-positive patients
with qHBsAg titers of ≥1000 IU/mL (qHBsAg [IU/mL] = 8.987 × 1014 × sqHBsAg [S/Co]−3.175;
adjusted R2 = 0.6350; p < 0.001). Conclusions: There was a highly linear, positive correlation be-
tween qHBsAg and sqHBsAg in HBeAg-negative CHB patients. The hook effect led to a negative
correlation in HBeAg-positive CHB patients with qHBsAg titers ≥1000 IU/mL.

Keywords: hepatitis B virus (HBV); hepatitis B surface antigen (HBsAg); hook effect

1. Introduction

Chronic hepatitis B (CHB) is a global health concern known for potentially serious
outcomes including cirrhosis, hepatic decompensation, and hepatocellular carcinoma. The
primary goals of therapy in CHB are the prevention of disease progression and prolongation
of survival through the long-term suppression of the virus, as indicated by the monitoring
of serum hepatitis B surface antigen (HBsAg), hepatitis B virus (HBV)-DNA, and covalently
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closed circular DNA (cccDNA) [1–3]. Serum quantitative HBsAg (qHBsAg; IU/mL) titer is
accepted as a surrogate marker for cccDNA in infected hepatocytes and as a marker of the
host immune control of HBV infection [4]. In patients with low viral loads, higher qHBsAg
levels have been shown to predict a greater risk of hepatocellular carcinoma development
and disease progression [5,6].

The presence of HBsAg in the serum is the classic hallmark of HBV infection before
serum HBV DNA is detectable. In clinical practice, HBsAg testing has long served as a
diagnostic marker for individuals infected with HBV. Currently, qHBsAg is methodologi-
cally feasible and is reported to be useful for monitoring the natural history of the disease
and its response to therapy [7,8]. The correlation between serum qHBsAg and HBV DNA
concentrations and cccDNA has also been investigated [9]. In addition, qHBsAg monitoring
by immunoradiometric assay methods might be useful for differentiating the phases of
CHB and stages of chronic liver disease [10]. The qHBsAg assay has been promoted as
a reliable, reproducible, sensitive, and specific method for HBsAg quantitation as well
as detection [11]. However, it was introduced more recently (in 2011), and the price is
relatively high [12]. On the other hand, semi-quantitative HBsAg (sqHBsAg; signal-to-
cutoff ratio [S/Co]) measurement has a relatively low price and has been tested since the
1970s, and far more data regarding this assay method have been accumulated in clinical
practice [13]. As such, if the conversion from sqHBsAg to qHBsAg is reliable and feasible,
it may be helpful for evaluating the effect of qHBsAg on long-term outcomes. Although
the qHBsAg assay is currently widely used, this transformation needs to be developed in a
way that incorporates the results of previous sqHBsAg testing. Therefore, this study aimed
to examine the correlation between qHBsAg and sqHBsAg titers in patients with CHB.

2. Patients and Methods
2.1. Study Population

This retrospective cohort study included 293 CHB patients who had simultaneous qHB-
sAg and sqHBsAg titers performed at Seoul National University Hospital (Seoul, Republic
of Korea) from 1 January 2013 to 31 January 2021. Patients with HBV DNA > 20 IU/mL
were excluded (n = 9) and grouped according to HBV envelope antigen (HBeAg) status.
There were 239 in the HBeAg-negative group and 45 in the HBeAg-positive group.

This study was conducted following the ethical guidelines of the Declaration of
Helsinki and was approved by the Institutional Review Board of Seoul National University
Hospital (IRB No H-1903-034-1016). Informed consent was waived by the Institutional
Review Board because of the retrospective and anonymized nature of the data.

2.2. Laboratory Assays

The S/Co values for the sqHBsAg assay were determined by the ratio of a signal
value obtained from a control group and the signal value from the patient sample, where
Scutoff = (A × Sneg) + (B × Spos) + C, with the values of the constants provided by the
manufacturers. In this study, the sqHBsAg values were obtained by using the Architect
HBsAg assay (Abbott Diagnostics, Lake Forest, IL, USA) according to the manufacturer’s
recommendations. In brief, after 1:100 dilution with the serum diluent, samples with
HBsAg levels >250 IU/mL were retested at a dilution of 1:500 and 1:1000 until the final
concentration was obtained [14]. The value was presented in S/Co. The sensitivity and
specificity of Architect HBsAg assay are 99.80% and >99.5%, respectively (https://www.
ilexmedical.com, accessed on 1 July 2022).

The qHBsAg titers were obtained by using the Elecsys HBsAg II assay (Roche Diagnos-
tics, Mannheim, Germany), which is a two-step sandwich chemiluminescent microparticle
immunoassay. The value was presented in IU/mL. HBsAg levels of >0.05 IU/mL are
considered positive for HBV infection, and the lower limit of detection is 0.01 IU/mL.
The qHBsAg result is calculated by automatically diluting sample 400 times and then
calibrating the dilution factor. The positive range is 0.0 to 52,000 IU/mL and the sensitivity

https://www.ilexmedical.com
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and specificity of the Elecsys HBsAg II assay are 100%, ranging from 99.7% and 99.8%,
respectively [14–16].

HBeAg and anti-HBe and anti-HBV core (anti-HBc) antibody levels were measured
by commercial immunoassays (Abbott Diagnostics) with the Architect i2000SR analyzer
(Abbott Laboratories, Chicago, IL, USA) [17].

2.3. Statistical Analysis

Comparisons of continuous variables between the two groups were performed using
the Student’s t-test, and categorical variables were compared using the chi-square test
or Fisher’s exact test. The Spearman test was used to analyze the correlation between
qHBsAg and sqHBsAg. The statistical analyses were performed using the R statistical
programming environment (version 4.2.1; R development Core Team [http://www.R-
project.org, accessed on 1 July 2022]), and p-values of <0.05 indicated statistical significance.

3. Results
3.1. All Samples

A total of 284 serum samples from patients with CHB were tested and quantitated for
sqHBsAg and qHBsAg. When the patients were grouped according to the HBeAg status,
239 were HBeAg-negative and 45 were HBeAg-positive. Upon plotting the sqHBsAg and
qHBsAg values, there was a significant hook effect when the qHBsAg value exceeded
1000 IU/mL (Figure 1). Thus, we separately analyzed samples according to the HBeAg
status and evaluated correlations between sqHBsAg and qHBsAg.

Figure 1. The correlation of sqHBsAg and qHBsAg in all samples. sqHBsAg, semi-quantitative
hepatitis virus surface antigen; qHBsAg, quantitative hepatitis B virus surface antigen.

3.2. Correlation of sqHBsAg and qHBsAg in HBeAg-Negative Chronic Hepatitis B

The correlation between sqHBsAg expressed as S/Co and qHBsAg expressed as IU/mL
in 239 samples with HBeAg-negativity is shown in Figure 2A. There was a linear correlation
between sqHBsAg and qHBsAg and there was a minimal hook effect. There was a signifi-
cant correlation between the two values (adjusted R2 = 0.8445, p < 0.001) and the qHBsAg
[IU/mL] concentration could be expressed as 0.0094 × sqHBsAg [S/Co]1.323. We performed
a subgroup analysis among the HBeAg-negative patients with qHBsAg > 1000 IU/mL.
Although the statistical power was low, there was an inverse linear correlation between
sqHBsAg and qHBsAg in this subgroup (adjusted R2 = 0.2950, p < 0.001).

http://www.R-project.org
http://www.R-project.org
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Figure 2. The correlation of sqHBsAg and qHBsAg in HBeAg-negative patients (A) and qHBsAg in
HBeAg-positive patients (B). sqHBsAg, semi-quantitative hepatitis virus surface antigen; qHBsAg,
quantitative hepatitis B virus surface antigen; HBeAg, hepatitis B envelope antigen.

3.3. Correlation of sqHBsAg and qHBsAg in HBeAg-Positive Chronic Hepatitis B

An inverse linear correlation between sqHBsAg and qHBsAg in 48 samples with
HBeAg-positivity is shown in Figure 2B. We presumed that the inverse linear correlation
was due to the hook effect, and we performed a stratified analysis with a qHBsAg cutoff
value of 1000 IU/mL. Figure 3 shows the correlation between sqHBsAg and qHBsAg
in 29 samples from HBeAg-positive patients with qHBsAg < 1000 IU/mL. There was
a significant correlation between the two values (adjusted R2 = 0.7878, p < 0.001) and
the qHBsAg [IU/mL] concentration could be expressed as 0.072 × sqHBsAg [S/Co]1.331.
Figure 4 shows the correlation between sqHBsAg and qHBsAg in 19 HBeAg-positive
patients with qHBsAg ≥ 1000 IU/mL. There was a significant inverse linear correlation
between sqHBsAg and qHBsAg in this subgroup (adjusted R2 = 0.6350, p < 0.001) and
qHBsAg [IU/mL] could be expressed as 8.987 × 1014 × sqHBsAg [S/Co]−3.175. Table 1
summarizes the correlation between sqHBsAg and qHBsAg.
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Figure 4. The correlatibetween sqHBsAg and qHBsAg in HBeAg-positive patients with
qHBsAg ≥ 1000 IU/mL. sqHBsAg, semi-quantitative hepatitis virus surface antigen; qHBsAg, quan-
titative hepatitis B virus surface antigen; HBeAg, hepatitis B envelope antigen.

Table 1. The correlation of sqHBsAg and qHBsAg.

HBeAg (+)

sqHBsAg (S/Co) 100 500 1000 2000 3000 4000 1291.89 7286.87

qHBsAg (IU/mL) 3.32 28.27 71.11 178.91 306.91 450.09 100 1000

HBeAg (−)

sqHBsAg (S/Co) 100 500 1000 2000 3000 4000 1108.73 6319.54

qHBsAg (IU/mL) 4.15 34.86 87.23 218.25 373.19 546.03 100 1000

sqHBsAg, semi-quantitative hepatitis virus surface antigen; qHBsAg, quantitative hepatitis B virus surface antigen;
HBeAg, hepatitis B envelope antigen.

4. Discussion

In this study, we investigated the correlation between sqHBsAg expressed as S/Co and
qHBsAg expressed as IU/mL and found that there was a highly linear correlation between
qHBsAg and sqHBsAg in HBeAg-negative CHB patients. There was a negative correlation
between qHBsAg and sqHBsAg in HBeAg-positive CHB patients with a qHBsAg titer of
≥1000 IU/mL, which is consistent with the hook effect.

HBV is a DNA virus that produces a series of viral protein products. Serologic and
nucleic acid testing are critical for disease detection, prevention, and treatment. The infor-
mation obtained from these tests not only helps to determine the infectious and immune
status of the patient, guide appropriate monitoring strategies, and evaluate treatment
efficacy; it also contributes to a better understanding of the epidemiology and natural
history of the disease [18].

HBsAg is the first immunological marker to appear following acute HBV infection, and
its early detection is critical to prevent disease transmission. Since the discovery of HBsAg
in 1965, qualitative assays for HBsAg (considered as sqHBsAg in this study) have served as
the standard test for HBV diagnosis in clinical practice [19,20]. Recently, there has been an
increasing use of the qHBsAg assay in CHB as a predictor of response to treatment [21,22]
and as a prognostic biomarker, [23] and qHBsAg is likely to be of increasing importance
as it is applied in the individualization of HBV therapy. It is also probable that qHBsAg
monitoring will be needed in future prospective trials of HBV treatments, and there is likely
to be a growing need for reliable and easily accessible assays for qHBsAg. Finally, it has
been suggested that serum qHBsAg should be used together with, but not as a substitute
for, HBV DNA [12].

Previous studies have shown that qHBsAg measured by the Roche Elecsys HBsAg II as-
say correlates well with titers obtained by using the established Abbott Architect assay [24].
The measurement of qHBsAg has the potential to improve the reproducibility of the analy-
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sis while providing complementary information toward the deduction of the natural course
of CHB; however, it is a relatively costly method that is not available in all areas. Therefore,
in this study, we examined the correlation between sqHBsAg and qHBsAg and found that
the results measured by a sqHBsAg method could be easily converted to qHBsAg values.
Although the qHBsAg assay is widely used currently, this transformation can be used to
leverage the results of sqHBsAg testing now as well as in the past.

Serum HBsAg levels have shown a strong correlation with other virological markers
including serum HBV DNA and intra-hepatic cccDNA in the HBeAg-positive phase while
showing a very weak correlation in the HBeAg-negative phase [25]. This dissociation
between HBsAg production and HBV replication in HBeAg-negative patients may be
partially explained by the different sources of HBsAg between the HBeAg-positive and
HBeAg-negative phases. It appears that the HBsAg is mainly synthesized from cccDNA
in HBeAg-positive patients, while HBsAg in HBeAg-negative patients has been traced to
fragments of the HBV genome that have been integrated into the host chromosomes [26].
Accordingly, when we grouped our patients by HBeAg status, we found a highly linear
positive correlation between qHBsAg and sqHBsAg in HBeAg-negative patients and a
negative correlation between qHBsAg and sqHBsAg in HBeAg-positive patients.

One-step sqHBsAg immunoassays provide faster results by completing the reaction
in a homogeneous system without washing steps. However, the hook effect occurs when
excess antigen binds to the capture and detection antibodies, preventing an immune
response and leading to underestimated or false-negative results [27]. Yang et al. have
reported a hook effect-free qHBsAg chemiluminescence immunoassay, [27] and when
we performed a stratified analysis by qHBsAg titer (≥ 1000 IU/mL) in HBeAg-positive
CHB patients due to the hook effect, there was a negative correlation between qHBsAg
and sqHBsAg.

There are several limitations in this study. First, the study cohort included a relatively
small number of patients, especially in the HBeAg-positive group. Since we used real data
from clinical practice, the majority of included patients were HBeAg-negative patients who
may have a higher chance of HBsAg-seroclearance. In addition, although the statistical
power was low due to the small sample size, the hook effect might be significant in HBeAg-
negative patients with qHBsAg > 1000 IU/mL if the sample size was increased. Second,
as the majority of Korean CHB patients are infected with genotype C2 HBV, [28,29] it is
unclear whether our conversion formula can be applied to patients infected with HBV of
other genotypes. Thus, multinational validation might be warranted.

In conclusion, there was a highly linear correlation between qHBsAg and sqHBsAg in
HBeAg-negative CHB patients. Because of the hook effect, HBeAg-positive CHB patients
with a high qHBsAg titer (≥1000 IU/mL) showed a negative correlation between qHBsAg
and sqHBsAg. By using this correlation, sqHBsAg titers can be easily and reliably trans-
formed to qHBsAg titers. Further large-scale studies may be needed to make maximal use
of qHBsAg and to fully elucidate its role in clinical practice.
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