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ABSTRACT

Background: Serum hepatitis B surface antigen (HBsAg) level is a serum marker that correlates with

intrahepatic covalently closed circular DNA (cccDNA) and could also predict liver-related diseases but the role in

predicted significant liver histology in treatment naive HBeAg-negative CHB patients that had indication for liver

biopsy as AASLD and APASL guidelines is still unknown.

Aims: To evaluate the association of serum HBsAg level, intrahepatic HBsAg and other clinical and

laboratory parameters with significant liver necroinflammation as defined by histologic activity index (HAI)

necroinflammatory activity score ≥ 4 or Metavir necroinflammatory activity score ≥ 2 and significant liver fibrosis

as defined by Metavir fibrosis score ≥ 2 in treatment naïve HBeAg-negative CHB patients which had HBV DNA

level ≥ 2,000 IU/mL and age ≥ 40 years or ALT 40-79 U/L.

Methods: Twenty-two patients were prospectively included in the study. Serum HBsAg level that was

performed by enzyme immunoassay and other parameters were collected within 2 weeks of liver biopsy. Immuno-

histochemical (IHC) staining for HBsAg in liver tissue was examined in terms of location, area of involvement and

intensity.

Results: Mean age of patients was 48±9 years. Male was equal to female. There were 5 patients (23%)

with significant liver inflammation and 7 patients (32%) with significant liver fibrosis. Serum HBsAg level did not

associated with both significant liver inflammation and fibrosis [median (IQR) 3.45 (0.45) vs. 3.50 (0.34), p =

0.225 and 3.35 (0.45) vs 3.50 (0.49), p = 0.698]. Intra-hepatic HBsAg also did not have association in all terms of

evaluation. Factors that associated with significant liver inflammation were lower BMI [21.55 (2.59) kg/m2 vs.

24.69 (5.21) kg/m2, p = 0.046] and higher alkaline phosphatase (85.0±16.7 vs. 59.4±11.7 U/L, p = 0.001). While

factor that associated significant liver fibrosis were lower age (42.7±8.4 vs. 50.7±8.2 years, p = 0.047). On multi-

variate analysis, only HBV DNA level > 5.5 log IU/mL could predict significant liver fibrosis (OR 28.012, 95% CI,

1.631-481.240 p = 0.022) and its sensitivity, specificity, positive predictive value and negative predictive value

were 71.4%, 93.3%, 83.3% and 87.5% respectively. There were no factors which predict significant liver inflam-

mation.

Conclusions: Serum HBsAg level and intrahepatic HBsAg didn’t associate with significant liver his-

tology in HBeAg-negative CHB patients that had indication for liver biopsy as recommendation by AASLD and

APASL guidelines. HBV DNA level > 5.5 log IU/mL was the only factor that could predict significant liver fibrosis

in this group of patients.
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INTRODUCTION

Liver inflammation and fibrosis evaluations are

important part for severity assessment and treatment

decision in management of chronic hepatitis B (CHB)

patients. Gold standard for evaluation in grading of liver

inflammation and staging of liver fibrosis is a liver bi-

opsy(1-3). However, it is an invasive procedure with

minimal but significant risk of morbidity and mortal-

ity(4).

Nowadays, transient elastography (TE) is an al-

ternative non-invasive method to liver fibrosis assess-

ment in CHB patients
(5)

. Although, the cut-off of liver

stiffness (LS) values in determining degree of fibrosis

were still controversy and LS values had good accu-

racy in only advance fibrosis or cirrhosis
(6-8)

. Other-

wise, it couldn’t evaluate grading of liver inflamma-

tion. The Aspartate Platelet Ratio Index (APRI) is an-

other option that has been validated by investigators;

somehow it also has only fair accuracy in significant

fibrosis prediction(9-10).

Serum hepatitis B surface antigen (HBsAg) level

is a serum marker that correlated with covalently closed

circular DNA (cccDNA) intra-hepatic markers of hepa-

titis B virus (HBV)(11-14) and could also predict phases

and some clinical endpoints in CHB patients. Serum

HBsAg level more than 1,000 IU/mL could predict

HBV-DNA more than 2,000 IU/mL(15) and increase

risks of hepatitis flare, cirrhosis and hepatocellular car-

cinoma (HCC) in hepatitis B e antigen (HBeAg)-nega-

tive CHB patients
(16-17)

. In Guner, et al. study which

included HBeAg-negative genotype D CHB patients

with normal alanine aminotransferase (ALT) to as high

as 399 U/L, found to have significant higher serum

HBsAg level in patients with significant liver fibro-

sis(18). Otherwise, serum HBsAg level more than

25,000 IU/mL could predict insignificant liver fibrosis

in HBeAg-positive CHB patients(19). Nevertheless,

there is no data about association of serum HBsAg level

and liver histology in HBeAg-negative CHB patients

in our region that is mainly genotype C(20) and need to

evaluate liver inflammation and fibrosis by liver bi-

opsy as The American Association for the Study of

Liver Diseases (AASLD) and The Asian Pacific Asso-

ciation for the Study of the Liver (APASL) guidelines

including HBV DNA level ≥ 2,000 IU/mL and ages

more than 40 years or elevated ALT levels between 1-

2 of upper limit of normal (ULN)(1,3).

The aim of this study was to evaluate association

of serum HBsAg level and other clinical and labora-

tory parameters including TE and APRI to liver histol-

ogy in HBeAg-negative CHB patients that needed to

be evaluated liver inflammation and fibrosis by liver

biopsy as AASLD and APASL guidelines which were

the most common used guidelines in our regions with

a prospective cross-sectional study. The authors also

demonstrated intra-hepatic HBsAg to further under-

standing its association. If associations were found,

serum HBsAg level or other clinical and laboratory

parameters might become an alternative method in liver

inflammation and fibrosis assessment.

PATIENTS AND METHODS

Patients

All CHB patients visited at outpatient clinic of

Division of Gastroenterology or the NKC institute of

Gastroenterology and Hepatology, Prince of Songkla

University, Songkla, Thailand between November 2012

and February 2014 were screened to include in this

study.

Inclusion criteria were age more than 20 years,

positive HBsAg more than 6 months, negative HBeAg,

HBV DNA more than 2,000 IU/mL, naïve HBV treat-

ment and positive indication for liver biopsy accord-

ing to AASLD and APASL guidelines including ALT

40-79 U/L (1-2 of ULN) or age ≥ 40 years(1,3). We also

added positive family history of cirrhosis or HCC into

another indication for liver biopsy due to Thai national

guideline(21) (only 1 patient in our study was biopsy

by this indication).

Exclusion criteria were co-infection with hepati-

tis C virus (HCV) or human immunodeficiency virus

(HIV) infection, alcohol intake more than 20 g/day,

cirrhosis as documented by either physical examina-

tion, laboratory or radiology, HCC, pregnancy, con-

traindication to liver biopsy including the presence of

ascites, international normalized ratio (INR) more than

1.5, activated partial thromboplastin time (aPTT) more

than > 1.5 times or platelet < 100,000/mm3(4) and refuse

to participate in the study. Written informed consents

were obtained from all patients before enrollment. The

study was approved by the Ethical Committee of Prince

of Songkla University and in accordance with Helsinki

Declaration of 1975.

The primary end point was association of HBsAg

levels with liver histology in HBeAg-negative CHB
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patients that needed liver biopsy as AASLD and APASL

guidelines. The secondary end points were the asso-

ciation of clinical and laboratory parameters including

transient elastography (TE) and the Aspartate Platelet

Ratio Index (APRI) and intrahepatic HBsAg with liver

histology.

All of the eligible patients were collected basic

clinical and laboratory data, HBsAg levels, and under-

went LS measurement by TE within 2 weeks of the

day of liver biopsy. The basic clinical and laboratory

data were age, gender, underlying diseases, family his-

tory of cirrhosis or HCC, body mass index (BMI), HBV

DNA levels, liver function tests, complete blood counts

(CBC).

Quantification of HBsAg and HBV DNA Lev-

els

Serum HBsAg levels were quantified using the

Architect HBsAg QT (Abbott Laboratories) with a de-

tection range of 0.05 to 250 IU/mL according to

manufacturer’s instructions(22,23). If the HBsAg level

was more than 250 IU/mL, samples were diluted to

1:100 to 1:1000 to obtain a reading within the calibra-

tion curve range. Serum HBV-DNA levels were quan-

tified by COBAS AmpliPrep/COBAS TaqMan assay

(Roche Diagnostic Systems Inc, Mannheim, Germany)

with a detection range of 20-1.7x108 IU/mL.

LS measurements by TE

LS was determined by using Fibroscan®)

(Echosens, Paris, France) as described by Sandrin(24).

TE operator was a physician who had previously per-

formed LS by Fibroscan® at least 30 patients (N. J.).

The operators performed at least 10 valid measurements

at each time. An LS value is expressed in median

(kilopascal; kPa). LS values included in this study

needed to have inter-quartile range (IQR) over median

ratio less than 30% and success rate more than 80%.

Liver histology

Liver histology was evaluated by a pathologist

(S.K.) who was expert in the gastroenterological pa-

thology, blinded to any other clinical and laboratory

data and tested for intra-observer variation. The de-

grees of liver necroinflammation were assessed by the

histologic activity index (HAI) necroinflammatory

activity score (from 0-18)(25) and the Metavir

necroinflammatory activity score. The degrees of liver

fibrosis were assessed by the Metavir fibrosis score

(from 0-4)(26).

Immunohistochemistry (IHC) for HBsAg in

liver tissue

HBsAg immunostaining was performed on liver

tissue in paraffin block as previously described. Mouse

monoclonal against HBsAg (M3506, Dako,

Carpinteria, CA) was primary antibody and then stain-

ing by BenchMark XT automated staining system

(Ventana, Tucson, AZ)(27). One pathologist blinded to

clinical data examined liver tissue immunohistochem-

istry by location, area of involvement and intensity.

Locations were reported as cytoplasm or cytoplasmic

membrane(28-29). Areas of involvements were grouped

into more or less than 50% involvement. Finally, in-

tensities were semi-quantitatively divided into mild,

moderate or mark intensity(30).

Definition

“Significant liver inflammation” was defined by

HAI necroinflammatory activity score ≥ 4 or Metavir

necroinflammatory activity score ≥ 2, while “signifi-

cant liver fibrosis” was defined by Metavir fibrosis

score ≥ 2. If one of the above definitions were found,

they could also be called as “significant liver histol-

ogy”. These levels represented at least moderate in-

flammation or significant fibrosis and also changed

management of the patients due to treatment indica-

tion.

Statistical analysis

The baseline characteristics were presented as

means with standard deviation or medians with inter-

quartile range (IQR) according to type of data distri-

bution. Comparison of means used Independent-

samples t-test, while medians used Mann-Whitney U

test. Factors that had p-value < 0.1 were further

univariate analysis by Fisher exact test and multivari-

ate analysis by multiple logistic regression. Statistical

significance was set at p < 0.05.

RESULTS

Characteristics of Patients

Twenty-two eligible patients were included in the

study. Baseline characteristic of all patients divided

according to liver pathology were shown in Table 1.

Male and female genders were equal, as well as, posi-
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Table 2. Univariate analysis in predictor of significant liver histology.

Significant Liver Significant liver Significant liver

Parameters inflammation fibrosis inflammation or fibrosis

n/N % p- value n/N % p- value n/N % p- value

Age ≤ 40 years 3/7 42.9 0.160 4/7 57.1 0.107 - - -

Age ≤ 42 years 4/8 50 0.039 5/8 62.5 0.032 - - -

Age ≤ 50 years 4/11 36.4 0.155 5/11 45.5 0.181 - - -

BMI < 23 kg/m2 4/9 44.4 0.067 - - - 5/9 55.6 0.135

BMI < 24.5 kg/m2 5/13 38.5 0.049 - - - 7/13 53.8 0.052

BMI < 25 kg/m2 5/15 33.3 0.114 - - - 8/15 53.3 0.020

TB < 0.45 mg/dL 4/8 50 0.039 - - - - - -

AST > 19 U/L 4/19 21.1 0.558 - - - - - -

AST > 30 U/L 4/8 50 0.021 - - - - - -

AST > 40 U/L 3/5 60 0.055 - - - - - -

AST > 50 U/L 1/1 100 0.227 - - - - - -

ALT > 30 U/L 4/12 33.3 0.218 - - - - - -

ALT > 40 U/L 3/8 37.5 0.233 - - - - - -

ALP > 78 U/L 4/5 80 0.003 - - - 4/5 80 0.039

Absolute neutrophil count 3/4 75 0.024 - - - - - -

> 4,300/mm3

LS values ≥ 7.0 kPa 3/10 30 0.406 - - - 5/10 50 0.221

LS values ≥ 8.5 kPa 3/5 60 0.233 - - - 5/8 62.5 0.072

LS values ≥ 9.5 kPa 3/5 60 0.055 - - - 3/5 60 0.233

LS values ≥ 11.5 kPa 2/2 100 0.043 - - - 2/2 100 0.121

HBV DNA levels > 4 log IU/mL - - - 5/14 35.7 0.490 - - -

HBV DNA levels > 5 log IU/mL - - - 5/11 45.5 0.181 - - -

HBV DNA levels > 5.5 log IU/mL - - - 5/6 83.3 0.004 - - -

HBV DNA levels > 6 log IU/mL - - - 3/4 75 0.077 - - -

tive and negative family history of cirrhosis or HCC.

The mean age was 48 years. There were 4 (18%)

patients with both significant liver inflammation and

fibrosis, 1 (5%) patients with only significant inflam-

mation and 3 (14%) patients with only significant liver

fibrosis. The indication for liver biopsy in 4 patients

with less than 40 years were elevated ALT in 3

patients and positive family of cirrhosis or HCC in 1

patient. The pathological finding in this group resulted

in significant liver fibrosis in 3 patients and both

significant liver inflammation and fibrosis in 1

patient.

The patients with significant liver inflammation

were significant lower BMI [21.55 (2.59) kg/m2 vs.

24.69 (5.21) kg/m2, p = 0.046] and higher alkaline phos-

phatase (85.0±16.7 vs. 59.4±11.7 U/L, p = 0.001) than

the patients without significant liver inflammation.

While patients with significant liver fibrosis were sig-

nificantly younger (42.7±8.4 years vs. 50.7±8.2, p =

0.047) than the patients without significant liver fibro-

sis. When combined patients with significant liver in-

flammation and significant liver fibrosis into the same

group, they didn’t show significant different in the

baseline characteristics compared with patients with-

out significant liver histology.

Serum HBsAg level and liver histology in

HBeAg-negative CHB patients

HBsAg levels didn’t associated with significant

liver inflammation [3.20 (1.19) log IU/mL vs. 3.50

(0.34), p = 0.225], significant liver fibrosis [3.20 (1.19)

log IU/mL vs. 3.50 (0.34), p = 0.698] or significant

liver histology [3.28 (0.42) log IU/mL vs. 3.53 (0.33),

p = 0.275] (Table 1).
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Predictors of significant liver histology in

HBeAg-negative CHB patients

Many factors were found to predict significant

liver inflammation in univariate analysis, including age

≤ 42 years, BMI < 24.5 kg/m2, total bilirubin < 0.45

mg/dL, aspartate aminotransferace > 30 U/L, alkaline

phosphatase > 78 U/L, absolute neutrophil count >

4,300/mm3, ceruloplasmin > 20 mg/dL and LS values

≥ 11.5 kPa (Table 2), nevertheless, they didn’t reach

statistical significance in multivariate analysis. The

same results were also discovered by significant liver

histology group. BMI < 25 kg/m2 and ALP > 78 U/L

associated with significant liver histology but they also

weren’t significance in multivariate analysis.

The liver fibrosis group had age ≤ 42 years and

HBV DNA levels > 5.5 log IU/mL as a predictor of

significant liver fibrosis in univariate analysis. HBV

DNA levels > 5.5 log IU/mL were the only factor that

also significant predictor on multivariate analysis (OR

28.012, 95% CI, 1.631-481.240 p = 0.022) (Table 3).

Sensitivity, specificity, positive predictive value and

negative predictive value were 71.4%, 93.3%, 83.3%

and 87.5% respectively.

IHC for HBsAg and liver histology in HBeAg-

negative CHB patients

Our study also demonstrated HBsAg activity in

the liver histology (Table 4) by IHC. As serum HBsAg

levels, HBsAg in the liver didn’t associated with sig-

nificant liver histology by various terms of evaluation

including HBsAg location, area of HBsAg involvement

and HBsAg intensity.

DISCUSSION

In management of CHB patients, liver histology

evaluation is an important part for severity assessment

and treatment decision. Although liver biopsy is a gold

standard to determine the stage of fibrosis and degree

of necroinflammation, it is an invasive procedure with

minimal but significant risk of morbidity and mortal-

ity(4). Though many non-invasive methods were ap-

plied to replace this invasive procedure.

Nowadays, serum HBsAg level is becoming to

be a useful test that can utilize in many conditions in

CHB patients. It could predict HBV levels and liver-

related diseases, and also significant liver fibrosis in

Table 3. Multivariate analysis in predictor of significant liver fibrosis.

Parameters Odd ratio p- value 95% confidence interval

Age ≤ 42 years 7.403 0.139 0.523-104.716

HBV DNA levels > 5.5 log IU/mL 28.012 0.022 1.631-481.240

Table 4. Immunohistochemistry (IHC) for HBsAg in HBeAg-negative CHB patients.

Liver inflammation Liver fibrosis Liver inflammation or fibrosis

Parameters of HBsAg Signifi- Insigni- p- Signi- Insigni p- Signi- Insigni- p-

canta ficant value ficantb ficant value ficantc ficant value

(n = 5) (n = 17) (n = 7) (n = 15) (n = 8) (n = 14)

Location

- C and M, n/n (%) 3/5 (60) 15/17 (88.12) 0.210 6/7 (85.7) 12/15 (80) 1.000 6/8 (75) 12/14 (85.7) 0.602

- C or M only, n/n (%) 2/5 (40) 2/17 (11.8) 1/7 (14.3) 3/15 (20) 2/8 (25) 2/14 (14.3)

Area of involvement

- ≥ 50%, n/n (%) 3/5 (60) 13/17 (76.5) 0.585 5/7 (71.4) 11/15 (73.3) 1.000 5/8 (62.5) 11/14 (78.6) 0.624

- < 50%, n/n (%) 2/5 (40) 4/17 (23.5) 2/7 (28.6) 4/15 (26.7) 3/8 (37.5) 3/14 (21.4)

Intensity

- Mark intensity, n/n (%) 4/5 (80) 11/17 (64.7) 1.000 5/7 (71.4) 10/15 (66.7) 0.613 6/8 (75) 9/14 (64.3) 0.490

- Mild to moderate intensity, n/n (%) 1/5 (20) 6/17 (35.3) 2/7 (28.6) 5/15 (33.3) 2/8 (25) 5/14 (35.7)

Abbreviations: C, cytoplasm; M, cytoplasmic membrane.
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HBeAg-positive CHB patients(15-18). However, it didn’

t associate with significant histology in HBeAg-nega-

tive CHB patients with normal or minimally elevated

ALT in our study. Martinot-Peignoux M, et al. also

found the same results with HBeAg-negative CHB

patients with varying degree of ALT(31). We also dem-

onstrated HBsAg in liver tissue which was already

proved to be associated with the viral replication tem-

plate known as cccDNA(14) and also found that it did

not associate with significant histology. These findings

suggested that serum HBsAg level wasn’t potential tool

in liver histology assessment in HBeAg-negative CHB

patients.

Patients with significant liver inflammation had

significant lower BMI and higher alkaline phosphatase

than another groups. However, these findings were not

found in other studies in HBeAg-negative CHB pa-

tients with varying degree of ALT(32-34). Larger trials

in the same fashion as our study were need to clarify

influence of these factors.

In the part of liver fibrosis, HBV DNA level was

the only statistically significant predictive factor on our

study with OR of 28.012 at level more than 5.5 log IU/

mL. This was supported by other studies. Croagh CM

et al. study HBV DNA level was found to be predic-

tors of significant fibrosis in HBeAg-negative CHB

patients with varying ALT with OR of 1.3 for every 1

log increment(33). Association was also found in

Mohamadnejad M et al. study with the sensitivity of

74% and specificity of 80% at cutoff level to 4.21 log

IU/mL(32). HBV DNA levels also correlate with ad-

vance fibrosis in HBeAg-negative CHB patients with

normal ALT in Xiao L et al study(34). In contrast, this

finding was not found in HBeAg-positive CHB pa-

tients(19,32-34). Further studies are needed to explain

variable outcomes between different phase of CHB

patients. Though, HBV DNA level with cut-off value

at 5.5 log IU/mL might be a promising serum marker

in predicting liver fibrosis in HBeAg-negative CHB

patients with positive indication for liver biopsy as rec-

ommendation by AASLD and APASL guidelines.

Younger age was another factor that associated

with liver fibrosis. This was against the basic knowl-

edge that fibrosis would progress and eventually de-

velop cirrhosis with more advance age(1-3). This find-

ing might be explained by selection bias. The authors

excluded cirrhosis which could be a final outcome in

younger patients with significant histology, though,

patients with advance age but still did not progress to

cirrhosis might represent a group of patients which

actually had an insignificant histology. If cirrhosis was

counted into this study, the result should be an oppo-

site way.

Although TE and APRI correlated with degree of

liver fibrosis, it was not associated with significant liver

fibrosis from our study. TE seemed to accurately pre-

dict advance fibrosis especially fibrosis stage 4 or cir-

rhosis from meta-analysis studies, but unfortunately,

its accuracy in predict significant liver fibrosis (fibro-

sis stage ≥ 2) was just fair. These studies demonstrated

that LS values between fibrosis stage 1 and 2 were

nearly similar(6-8). TE might be an appliance in predict

advance but not significant fibrosis, thus it should not

be use to guide treatment initiation except LS values

were high enough to reflect advance fibrosis or cirrho-

sis. Not surprisingly, APRI did not associate with sig-

nificant liver histology. This was correlated with Degos

F et al. study. APRI also had better accuracy in diag-

nosis of cirrhosis more than significant fibrosis(10).

There is no predictor for significant liver histol-

ogy in this study. Even if HBV DNA level could sig-

nificantly predict significant liver fibrosis, it did not

associated with significant liver histology. Insignifi-

cant association with significant liver inflammation and

small numbers of patients with significant liver histol-

ogy might explain this finding.

The strength of our trial was the patients that in-

cluded in the study. The authors collected patients in

the prospective manner and strictly selected the pa-

tient that really needed liver biopsy as guideline rec-

ommendation. Though the result could be apply in the

clinical practice. Small number of total patients was

limitation in this study.

In conclusion, serum HBsAg level didn’t associ-

ate with significant liver histology in HBeAg-negative

CHB patients that had indication for liver biopsy as

recommendation by AASLD and APASL guidelines.

HBV DNA level > 5.5 log IU/mL was the only factor

that could predict significant liver fibrosis in this group

of patients.
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