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ABSTRACT
Background: Previous studies have revealed that hepatitis B core antibody 

(anti-HBc) levels vary throughout the different phases of treatment-naïve chronic 
hepatitis B (CHB) patients and can be used as a predictor of treatment response in 
both interferon-α and nucleoside analogue therapies. However, few data have been 
published regarding the relationship between quantitative anti-HBc (qAnti-HBc) levels 
and liver fibrosis in patients with CHB.

Results: A total of 489 HBeAg-positive (HBeAg (+)) and 135 HBeAg-negative 
(HBeAg (−)) patients were recruited. In both HBeAg (+) and HBeAg (−) groups, the 
S0−1/S0 subjects had significantly lower qAnti-HBc levels than the S2−4 subjects 
(p < 0.05). Multiple logistic regression analysis showed that the parameters for 
predicting significant fibrosis (S ≥ 2) included age, PLT and qAnti-HBc. In HBeAg (+) 
subjects, the AUROC of qAnti-HBc for predicting significant fibrosis was 0.734 (95% CI 
0.689 to 0.778) and the optimal cut-off was 4.58 log10IU/mL, with a sensitivity of 
63.08% and a specificity of 74.83%. In HBeAg (−) subjects, the AUROC was 0.707 
(95% CI 0.612 to 0.801) and the optimal cut-off value was 4.37 log10IU/mL, with a 
sensitivity of 75.53% and a specificity of 56.10%. 

Materials and Methods: From 2012 to 2015, we conducted a cross-sectional 
study of treatment-naïve CHB patients. Liver biochemistry, hepatitis B virus (HBV) 
serological markers, HBV DNA, hepatitis B surface antigen (HBsAg) titers and HBV 
genotype were determined using commercial assays, and serum qAnti-HBc levels were 
measured using double-sandwich immunoassay. Liver biopsies and serum samples 
were obtained on the same day.

Conclusions: The present study showed an association between high serum 
qAnti-HBc levels and significant fibrosis (S ≥ 2) in treatment-naïve CHB patients. 
Furthermore, we described a serum qAnti-HBc cut-off for predicting significant fibrosis 
in CHB patients infected with HBV genotype B or C.

INTRODUCTION

Worldwide, chronic hepatitis B virus (HBV) 
infection is a significant public health problem. The 
spectrum of disease and natural history of chronic HBV 
infection are highly variable, ranging from an inactive 
carrier status to progressive chronic hepatitis, which may 

lead to cirrhosis, liver failure and hepatocellular carcinoma 
(HCC) [1, 2]. Each year, 0.5–1.0 million people die from 
late stage chronic HBV infection-related liver disease [3]. 
Liver fibrosis, the natural wound healing process of liver 
necroinflammation, is an essential pathogenic process that 
leads to liver cirrhosis and disease progression [4, 5]. It 
is therefore critical to identify fibrosis in the early stage.
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Liver biopsy is generally considered the reference 
standard for identifying liver fibrosis, as it allow for direct 
measurements. However, this procedure is invasive and 
associated with the risk of serious complications [6, 7]. 
Therefore, liver biopsy has limited applicability and 
does not allow dynamic observations of the liver fibrosis 
stage. The use of non-invasive techniques to assess liver 
fibrosis are gaining increasing interest. Currently, several 
non-invasive methods can predict liver fibrosis before 
treatment, such as the aspartate aminotransferase-platelet 
index (APRI) [8], the fibrosis index based on four factors 
(FIB-4) [9, 10] and transient elastography [11, 12]. 
However, most non-invasive tests have good diagnostic 
accuracy only in excluding advanced fibrosis or cirrhosis 
[13, 14].

Recently, an inverse correlation has been described 
between levels of the hepatitis B surface antigen (HBsAg) 
and the liver fibrosis stage in HBeAg-positive patients 
[15, 16]. As another classical serologic HBV marker, one 
study has suggested that the baseline levels of quantitative 
hepatitis B core antibody (qAnti-HBc) may serve as a 
novel biomarker for predicting treatment response in 
chronic hepatitis B (CHB) patients receiving interferon-α 
or nucleos(t)ide analogue therapy [17]. Other investigators 
have found that the levels of qAnti-HBc vary in different 
phases of treatment-naïve CHB patients and are highest in 
the immune clearance (IC) phase [18, 19]. These findings 
highlight the prognostic value of qAnti-HBc levels in CHB 
patients. However, the association between qAnti-HBc 
levels and liver fibrosis remains unspecified. Therefore, 
the aims of this study were to investigate the association 
between qAnti-HBc levels and histological fibrosis scores 
and to evaluate the use of quantitative biomarkers as tools 
to assess liver fibrosis in treatment-naive CHB patients.

RESULTS

Patient characteristics

A total of 489 HBeAg-positive (HBeAg (+)) and 
135 HBeAg-negative (HBeAg (−)) patients were included 
in the study. The baseline characteristics of the patients are 
presented in Table 1. There were more male than female 
patients in the study population. 68.59% of patients in 
both the HBeAg (+) and HBeAg (−) groups were male. 
The HBeAg (+) patients were younger than the HBeAg 
(−) patients (p < 0.001). Mean platelet (PLT) levels were 
significantly higher in HBeAg (+) patients. No significant 
differences were found for gender, ALT level, AST level, 
or HBV genotype between the two cohorts (all p > 0.05). 
The HBeAg (+) individuals exhibited significantly higher 
serum levels of both HBV DNA and HBsAg compared 
with HBeAg (−) patients. However, the HBeAg (+) 
group presented a significantly lower average qAnti-
HBc level than the HBeAg (−) group. The distributions 
of the liver necroinflammation grades and fibrosis stages 
of the two cohorts are shown in Figure 1A and 1B. 

Among the HBeAg (+) patients, 294 patients (60.12%) 
had insignificant fibrosis (< S2), which was significantly 
higher than the proportion in the HBeAg (−) group 
(30.37%, p < 0.001). The proportion of patients with 
insignificant necroinflammation (< G2) among the two 
patient groups was also significantly different (42.94% 
and 22.22%, respectively, p = 0.003).

Association between histological fibrosis stage 
and qAnti-HBc levels

Among the HBeAg (+) CHB patients, the mean 
levels of qAnti-HBc for different stages of fibrosis were 
as follows: S0–1 (3.84 ± 1.14 log10IU/mL), S2 (4.54 ± 
0.73 log10IU/mL), S3 (4.70 ± 0.68 log10IU/mL) and S4 
(4.63 ± 0.74 log10IU/mL). The mean qAnti-HBc level of 
the S0–1 subjects was significantly lower than that of the 
S2, S3 and S4 subjects (p < 0.05) (Figure 2A). Among the 
HBeAg (−) patients, the mean levels of qAnti-HBc for the 
different stages of fibrosis were as follows: S1 (4.19 ± 0.64 
log10IU/mL), S2 (4.55 ± 0.53 log10IU/mL), S3 (4.76 ± 0.51 
log10IU/mL), and S4 (4.83 ± 0.50 log10IU/ mL). The mean 
qAnti-HBc levels in the S1 subjects were also significantly 
lower than those in the S2, S3, and S4 subjects (p < 0.05) 
(Figure 2B).

Use of qAnti-HBc levels and other factors to 
distinguish significant fibrosis

When the presence or absence of significant fibrosis 
(S ≥ 2) was considered as a binary dependent variable in 
patients, univariable analyses indicated that age, PLT, ALT, 
AST, TB, HBV DNA, HBsAg and qAnti-HBc levels were 
associated with significant fibrosis in HBeAg (+) patients, 
whereas multiple logistic regression analysis identified 
that age, PLT and qAnti-HBc levels were associated with 
significant fibrosis (Table 2).

In HBeAg (−) patients, univariable analyses 
indicated that only age, PLT, AST, HBV DNA and qAnti-
HBc levels were associated with significant fibrosis. 
Subsequent multiple logistic regression analysis identified 
that PLT and qAnti-HBc levels were associated with 
significant fibrosis, which is similar to the results found 
for HBeAg (+) patients (Table 3). 

In both the HBeAg (+) and HBeAg (−) groups, 
patients with significant fibrosis exhibited significantly 
lower PLT levels compared to patients with insignificant 
fibrosis. However, mean serum qAnti-HBc levels were 
significantly higher in patients with significant fibrosis. 
Patients with significant fibrosis were older than patients 
with insignificant fibrosis (Figure 3). 

AUROC of qAnti-HBc associated with 
significant fibrosis 

When an ROC analysis was performed to 
discriminate significant fibrosis on the basis of serum 
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qAnti-HBc levels in HBsAg (+) patients, the AUROC was 
0.734 (95% CI 0.689 to 0.778), and the optimal cut-off 
was 4.58 log10IU/mL, with a sensitivity of 63.08% and a 
specificity of 74.83%. The AUROC of serum qAnti-HBc 
levels was similar to that of age (0.729, 95% CI 0.683 to 
0.776) and PLT (0.703, 95% CI 0.654 to 0.752), but it was 
lower than the AUROC values for APRI (0.847, 95% CI 
0.810 to 0.884) and FIB-4 (0.836, 95% CI 0.797 to 0.875) 
(Table 4, Figure 4A). 

In HBeAg (−) patients, the AUROC of serum qAnti-
HBc levels for the prediction of significant fibrosis (0.707, 
95% CI 0.612 to 0.801) was also similar to that of PLT 

(0.761, 95% CI 0.678 to 0.843), and it was lower than 
that of APRI (0.824, 95% CI 0.750 to 0.899) and FIB-4 
(0.821, 95% CI 0.742 to 0.900). For predicting significant 
fibrosis, the optimal cut-off value of qAnti-HBc was 4.37 
log10IU/mL, with a sensitivity of 75.53% and a specificity 
of 56.10%. (Table 4, Figure 4B).

DISCUSSION

Liver fibrosis, which is the result of the normal 
wound healing process of necroinflammation frequently 
caused by chronic HBV infection, is essential to the 

Figure 1: Distribution of liver necroinflammation grades (A) and fibrosis stages (B) by HBeAg status.

Table 1: Patient characteristics
All
(n = 624)

HBeAg (+)
(n = 489)

HBeAg (−)
(n = 135) p value*

Gender, M/F 428/196 330/159 98/37 0.30
Age, years 32.79 ± 11.68 30.94 ± 10.59 39.51 ± 12.95 < 0.001
PLT, 109/L 188.28 ± 61.00 195.27 ± 58.33 162.95 ± 63.87 < 0.001
ALT, U/L 75 (40–152) 72 (38–144) 99 (47–169) 0.15
AST, U/L 43 (26–85) 40 (25–80) 58 (34–97) 0.32
TBIL, µmol/L 19.80 ± 16.22 19.06 ± 15.12 22.51 ± 19.55 0.03
HBV DNA, log10IU/mL 6.69 ± 1.52 7.16 ± 1.18 4.99 ± 1.40 < 0.001
HBsAg, log10IU/mL 3.88 ± 0.71 4.00 ± 0.70 3.46 ± 0.57 < 0.001
qAnti-HBc, log10IU/mL 4.23 ± 0.99 4.14 ± 1.06 4.52 ± 0.61 < 0.001
HBV genotype, (%)** 0.23
B 53 (8.95) 45 (9.51) 8 (6.72)
C 535 (90.37) 425 (89.85) 110 (92.44)
D 3 (0.51) 3 (0.63) 0 (0.00)
B/C 1 (0.17) 0 (0.00) 1 (0.84)

*HBeAg (+) vs. HBeAg (−).
**32 patients could not be genotyped with our assay.
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pathogenic processes that lead to cirrhosis. In terms of 
establishing cirrhosis, the annual incidence of HBV-related 
HCC in CHB patients ranges from 2% to 5%. The 2012 
European Association for the Study of the Liver (EASL) 
clinical practice guideline recommended that patients 
should be considered for treatment when they have at 
least moderate fibrosis (S ≥ 2) [20]. Therefore, the ability 
to identify CHB patients with moderate to severe fibrosis 
(S2–4), with a high risk of disease progression, has clear 
clinical significance.

Anti-HBc, as classical serological marker of HBV 
infection, is an indicator of both past and persistent HBV 
infection. The present study provided the first detailed 
investigation of the relationship between serum qAnti-
HBc levels and liver fibrosis stages across a large cohort 
of treatment-naïve patients with CHB. All patients’ 
serum samples were taken on the day of their biopsies 
and therefore represent an accurate snapshot of the state 
of disease situation at that specific time. We observed a 
correlation between qAnti-HBc levels and liver fibrosis. 
The qAnti-HBc levels were positively correlated with 
stage of fibrosis in treatment-naïve CHB patients. Both 
HBeAg (+) and HBeAg (−) patients with moderate to 
severe fibrosis (S2–S4) showed significantly higher 
levels of qAnti-HBc compared with patients with no or 
mild fibrosis (S0-S1/S1). No significant differences were 
found in the qAnti-HBc titers among the S2-S4 subjects, 
excepted between S2 and S4 subjects in HBeAg (−) group.

Most previous studies have investigated the 
predictors for liver fibrosis that can avoid liver biopsy in 
CHB patients, especially for patients with moderate to 
severe fibrosis, who required immediate antiviral therapy. 
In the present study, we examined routine parameters for 
predicting moderate to severe liver fibrosis. Our study 
showed that PLT and qAnti-HBc were independently 
associated with significant fibrosis in different chronic 
HBV groups, that is, HBeAg (+) and HBeAg (−) 
patients. And age was also independently associated with 
significant fibrosis in HBeAg (+) group. Age and PLT 

had been shown in previous studies to be associated with 
significant fibrosis in CHB [21–24]. Age was an important 
predictor because the progression of fibrosis is time-
dependent in CHB. Low platelet count was associated 
with advanced liver fibrosis through the altered production 
of thrombopoietin, and this occurred independent of 
demographic and biochemical characteristics, hepatic 
necroinflammatory activity, portal hypertension and 
splenomegaly [25]. Our analyses found that the AUROC 
values of serum qAnti-HBc level for significant fibrosis 
were 0.734 and 0.707 in HBeAg (+) and HBeAg (−) 
patients, respectively, which similar to that of age (0.729) 
and PLT (0.703 and 0.761). APRI (0.847 and 0.824) and 
FIB-4 (0.836 and 0.821) tended to present more accurate 
results for identification of significant fibrosis than qAnti-
HBc. However, APRI consists of PLT and AST. In addition 
to these two factors, FIB-4 includes age and ALT. 

The present study demonstrated that serum qAnti-
HBc levels can play an important role in identifying 
treatment-naïve CHB patients with significant fibrosis 
and may help reduce the need for liver biopsies. To our 
knowledge, our study was the first to formally use liver 
biopsy as an outcome measure to assess the role of qAnti-
HBc titers in distinguishing significant fibrosis. The 
mechanistic explanation for why higher serum qAnti-HBc 
levels are associated with increasingly severe liver fibrosis 
in treatment-naïve CHB patients is unclear. qAnti-HBc 
levels in immune clearance and HBeAg negative hepatitis 
phases were significantly higher than those in the immune 
tolerance and low or no-replicative phases [18, 19]. 
Moreover, qAnti-HBc levels were positively associated 
with ALT and liver inflammation grades [26]. These results 
suggested that qAnti-HBc might be a surrogate parameter 
indicating ongoing anti-HBV immune activation. Liver 
fibrosis results from the sustained wound healing response 
of the liver to chronic injury. Liver injury observed during 
chronic HBV infections appears to be primarily caused by 
the host's anti-HBV immune activation. Both the innate 
and adaptive immune systems are pivotal in the fibrotic 

Figure 2: Correlation between serum qAnti-HBc levels and liver fibrosis stages in HBeAg (+) (A) and HBeAg (–) CHB 
patients (B).
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Table 2: Multiple logistic regression analysis of factors associated with significant fibrosis in HBeAg 
(+) patients

Parameter Not significant Significant P
Multivariate

OR 95% CI Wald P
Age, years 27.72 ± 8.83 35.79 ± 11.19 < 0.001 1.07 1.04–1.09 28.10 < 0.001
PLT, 109/L 211.00 ± 51.48 171.56 ± 60.14 < 0.001 0.99 0.99–1.00 17.60 < 0.001
ALT, U/L 76.00 ± 94.29 292.45 ± 386.03 < 0.001 1.00 1.00–1.01 2.24 0.135
AST, U/L 43.82 ± 51.58 186.44 ± 282.54 < 0.001 1.01 1.00–1.01 3.43 0.064
TBIL, µmol/L 16.27 ± 9.29 23.26 ± 20.37 < 0.001 1.01 0.98–1.03 0.15 0.696
HBV DNA, log10IU/mL 7.42 ± 1.05 6.77 ± 1.26 < 0.001 0.83 0.66–1.04 2.64 0.104
HBsAg, log10IU/mL 4.16 ± 0.70 3.77 ± 0.63 < 0.001 0.72 0.49–1.04 3.03 0.082

qAnti-HBc, log10IU/mL 3.84 ± 1.14 4.60 ± 0.72 < 0.001 1.77 1.28–2.45 11.85 0.001

Table 3: Multiple logistic regression analysis of factors associated with significant fibrosis in HBeAg 
(−) patients

Parameter Not significant Significant P
Multivariate

OR 95% CI Wald P
Age, years 33.56 ± 12.73 42.11 ± 12.22 < 0.001 1.04 1.00–1.08 3.53 0.060
PLT, 109/L 199.66 ± 52.90 146.94 ± 61.81 < 0.001 0.99 0.98–1.00 11.00 0.001
ALT, U/L 112.68 ± 253.23 190.89 ± 209.30 0.064 1.00 1.00–1.00 0.60 0.441
AST, U/L 60.95 ± 114.17 115.44 ± 146.46 0.036 1.01 1.00–1.02 2.30 0.129
TBIL, µmol/L 19.85 ± 19.52 23.67 ± 19.56 0.298 0.99 0.94–1.04 0.23 0.633
HBV DNA, log10IU/mL 4.51 ± 1.52 5.20 ± 1.30 0.008 1.32 0.94–1.85 2.64 0.104
HBsAg, log10IU/mL 3.54 ± 0.67 3.43 ± 0.53 0.308 1.04 0.48–2.26 0.01 0.926
qAnti-HBc, log10IU/mL 4.19 ± 0.64 4.67 ± 0.53 < 0.001 3.36 1.33–8.47 6.59 0.010

Figure 3: Distribution of age, PLT and qAnti-HBc levels in HBeAg (+) (A, C, E) and HBeAg (–) patients (B, D, F) stratified 
by fibrosis stage.
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cascade. Perhaps immune activation is the link between 
qAnti-HBc levels and liver fibrosis.

In conclusion, our data suggest that treatment-naïve 
CHB patients with moderate to severe fibrosis (S ≥ 2) had 
a significant higher level of qAnti-HBc compared with 
patients with no or mild fibrosis (S < 2). And our analyses 
established an optimal cutoff value of qAnti-HBc for 
distinguishing HBeAg (+) (> 4.58 log10IU/mL) and HBeAg 
(−) (> 4.37 log10IU/mL) patients with significant fibrosis (S 
≥ 2). The use of this prediction score of qAnti-HBc may 
potentially reduce the need for liver biopsies and help 
guide clinical decision making in the management of HBV 
genotype B or C associated CHB patients.

MATERIALS AND METHODS

Patients

This was a cross-sectional study consisting of 
patients enrolled at the Division of Liver Disease, The 
Fifth Hospital of Shijiazhuang, Hebei Medical University 
between January 2012 and December 2015. All patients 
were HBsAg-positive for at least six months before study 
entry. Other inclusion criteria were as follows: treatment-
naïve and availability of relevant patient laboratory and 
clinical data. The exclusion criteria were as follows: (1) 
hepatitis A, C, or E or human immunodeficiency virus 
co-infection; (2) decompensated liver cirrhosis or HCC; 
(3) treatment with antiviral therapy or any liver functional 
protection therapy to alleviate the hepatic inflammation; 
(4) immunosuppressive treatment; and (5) causes of liver 
disease other than HBV.

The study protocol was in compliance with the 1975 
Declaration of Helsinki and was approved by the Medical 
Ethics Committee of The Fifth Hospital of Shijiazhuang. 
Written informed consent was obtained from all patients.

Biochemical and serological tests

The serum samples used for measurements were 
obtained on the day of the biopsy. The complete blood 
cell counts and biochemical tests were performed using 
automated techniques. The upper limit of normal alanine 
transaminase (ALT) was 40 U/L. Hepatitis B e antigen 
(HBeAg) and antibodies to HBeAg (anti-HBe) were 
measured using commercially available immunoassays 
(Roche Diagnostics, Branchburg, NJ, USA). The 
serum HBV DNA levels were determined by real time 
fluorescence quantitative polymerase chain reaction  
(FQ-PCR) on an ABI 7500, with a lower detection limit 
of 500 IU/ml.

Serum HBsAg levels were quantified using an 
Elecsys HBsAg II quant assay (Roche Diagnostics, 
Branchburg, NJ, USA), with a diagnostic range 
from 0.05 to 130 IU/mL. Serial 1:10 dilutions were 
performed if the HBsAg levels were >130 IU/mL, 
according to the manufacturer’s instructions. The 
serum qAnti-HBc level was measured using a newly 
developed double-sandwich immunoassay (Wantai, 
Beijing, China) that was calibrated using the WHO 
standard (NIBSC, UK) [27].

Genotype determination by multiplex PCR

HBV genotypes were determined by analysis of the 
sequences obtained after amplification of the preS/S gene 
(approximately 1,410 bp spanning nucleotide positions 
2825 to 1019).

Liver biopsy

Percutaneous liver biopsies were performed using 
a 16-gauge needle with a biopsy length of at least 1.5 cm 

Figure 4: Receiver operating characteristic curves of serum qAnti-HBc levels used to distinguish moderate to severe fibrosis 
in HBeAg (+) (A) and HBeAg (–) (B) CHB patients.
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and including six or more portal tracts. The samples 
were formalin-fixed, paraffin-embedded, and prepared by 
hematoxylin-eosin staining for morphological evaluation, 
Masson’s trichrome staining, and reticulin staining for 
fibrosis assessment. Liver biopsy specimens were scored 
for fibrosis according to the Scheuer classification: no 
fibrosis (S0); portal fibrosis (S1); septum formation (S2); 
architectural distortion (S3); cirrhosis, probable or definite 
(S4) [28]. “Insignificant fibrosis” was defined as a Scheuer 
fibrosis score equal to or less than 1. “Significant fibrosis” 
was defined as a Scheuer score more than or equal to 2.

Statistical analysis

Categorical variables are expressed as counts and 
percentages and were analyzed using the χ2 or Fisher’s 
exact test. Continuous variables are presented as the 
mean ± SD or the medians. Student’s t test or the Mann-
Whitney U-test was used for statistical comparisons where 
appropriate. Multinomial (binary) logistic regression was 
applied to evaluate factors predicting significant fibrosis 
based on histology. Receiver operating characteristic 
(ROC) curves and areas under the ROC curves (AUROC) 
were calculated to evaluate the diagnostic accuracy of 
qAnti-HBc for liver fibrosis activity. P values of < 0.05 
were considered statistically significant. Statistical 
analyses were performed using SPSS ver. 19.0 software 
(SPSS, Chicago, IL, USA).

Abbreviations

Anti-HBc, hepatitis B core antibody; CHB, chronic 
hepatitis B; qAnti-HBc, quantitative hepatitis B core 
antibody; HBV, hepatitis B virus; HBsAg, hepatitis B 
surface antigen; HBeAg, Hepatitis B e antigen; APRI, 
aspartate aminotransferase-platelet index; FIB-4, the fibrosis 
index based on four factors; ALT, alanine transaminase; 
PLT, platelet. 
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