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a  b s  t r a  c t

Objective: The clinical significance of coexistence of HBsAg/anti-HBs in chronic hepatitis B

(CHB) patients remains controversial. This study was aimed to assess the association of this

serological pattern with hepatocellular carcinoma (HCC) in patients with CHB.

Methods:  In this cross-section study, 206 CHB patients with coexistence of HBsAg/anti-HBs

and 206 CHB patients with HBsAg alone were included to evaluate the risk of HCC develop-

ment  by logistic regression analysis. In addition, a  retrospective cohort of 260 patients with

CHB  was recruited to estimate the cumulative incidence of HCC by  Kaplan–Meier analysis.

Results: The serological pattern of coexistence of HBsAg/anti-HBs, with high levels of (“High”)

HBsAg/low levels of (“Low”) anti-HBs, were considered as  independent risk factors for HCC.

In  particular, patients with “High” HBsAg/“High” anti-HBs [odds ratio (OR), 4.295; 95% con-

fidence interval (CI), 1.104–16.699; p =  0.035] and “Low” HBsAg/ “High” anti-HBs (OR, 3.207;

95%CI,  1.299–7.919; p = 0.012) exhibited significantly higher risk for HCC development. How-

ever, only “Low” HBsAg /“High” anti-HBs might increase risk of HCC in CHB patients with

high HBV load (logrank p < 0.001) in our cohort study.

Conclusion: The coexistence of “Low” HBsAg /“High” anti-HBs might increase the risk of HCC

development in CHB patients with high HBV load, which reflected that the  long-term inter-

action  between immune response and virus might lead to the development of HCC. The

identification of the  patients with poor prognosis will help clinicians to refine the  therapeutic

decisions and individualize follow-up strategies.
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Introduction

Chronic hepatitis B  virus (HBV) infection is widely spread

throughout the world. According to “Global Hepatitis Report,

2017” by the World Health Organization, 257 million people

or 3.5% of the global population were living with chronic HBV

infection in 2015 worldwide. In addition, 20% or more  of those

with chronic infection developed end-stage chronic liver dis-

ease, such as cirrhosis or hepatocellular carcinoma (HCC). At

present, routine laboratory tests to detect HBV infection are

mainly serological and molecular assays. In recent years, some

rare serological patterns appeared more  frequently, includ-

ing coexistence of HBsAg and anti-HBs, isolate positivity for

HBsAg, and ‘anti-HBc alone.’1,2 The serological profile for coex-

istence of HBsAg and anti-HBs was  firstly reported by Arnold

et al.3–8 However, the underlying mechanism and clinical

implication of this serological pattern in chronic hepatitis B

patients remains controversial.9,10 Many reports have sug-

gested that this coexistent serological pattern might increase

the risk of HCC in chronic HBV infection.11,12 However, the

coexistence of antigen and antibody is  a matter stoichiometry;

the clinical significance of this serological pattern, which were

based on quantitation of HBsAg and anti-HBs, has not been

definitively understood. The aim of the  present study was to

assess the association between coexisting of HBsAg/anti-HBs

and development of HCC in CHB patients.

Material  and methods

Study  subjects  and  design

Initially, a cross-section study carried out from January 2017 to

March 2018, involving 206 medical inpatients with CHB at Bei-

jing You an Hospital, Capital Medical University, were enrolled

as Group 1 (coexistence of HBsAg and anti-HBs) according to

the inclusion and exclusion criterion (Table 1). As controls, 206

medical inpatients were randomly selected as  Group 2 (HBsAg

alone). Medical records of these 412 patients were reviewed,

including clinical evaluations, imaging features and laboratory

results. Demographic, clinical and serological characteristics

Table 1 – The eligibility criteria for the cross-sectional
study.

Group 1 Group 2

Inclusion

1. Age ≥18  years; 1. Age  ≥18 years;

2. Concomitant HBsAg and

anti-HBs positive for at least 6

months and without

vaccination;

2.  HBsAg positive alone for  at

least 6  months;

Exclusion

1. Positive for  HCV or  HDV IgG;

2. Metastatic liver cancer;

3. After organ transplant;

4. On hemodialysis;

5. On immunosuppressive drugs;

6. With HIV infection;

7. Use of HBIG;

Table 2 – The eligibility criteria for the cohort study.

Group 3 Group 4

Inclusion

1. Age  ≥18 years; 1. Age  ≥18 years;

2. Concomitant HBsAg and

anti-HBs positive for at least  6

months and without

vaccination;

2. HBsAg positive alone for at

least 6 months;

Exclusion

1. Positive for HCV  or HDV IgG;

2. With  imaging evidence of HCC at baseline;

3. After  organ transplant;

4. On  hemodialysis;

5. On  immunosuppressive drugs;

6. With  HIV infection;

7. Undergoing liver transplantation during the  follow-up period;

8. Receiving antiviral therapy before.

of Group 1 and Group 2 were compared, and the risk of devel-

oping HCC was assessed through logistic regression analysis.

Furthermore, a  cohort study with chronic HBV infection

patients compared the development of HCC in Group 3  (130

patients with coexistence of HBsAg and anti-HBs) and Group

4 (130 patients with HBsAg alone). The cohorts were retro-

spectively collected between September 2010 and November

2013, according to  the eligibility criteria listed in Table 2.

The flow chart is presented in  Fig. 1. The follow-up dura-

tion was calculated from the  initial visit to the last visit or

the diagnosis of HBV-associated HCC. The medical records all

patients were reviewed, including clinical evaluations, imag-

ing features and laboratory results. All patients were followed

by ultrasonography (US) or liver dynamic three-dimensional

computed tomography (CT) and serum alpha-fetoprotein

every 6–12 months. During follow-up, that ranged from 9 to

92 months, HCC  developed in 20 (15.4%) of Group 3 and in

10  (7.7%) patients of Group 4. Since early studies had con-

firmed an increasing risk of HCC when HBV DNA level was

over 2000 IU/mL (high HBV load),13,14 the cohort was  further

divided into two subgroups (high HBV load and low HBV

load). Cumulative incidence of HCC was then estimated using

Kaplan–Meier analysis.

Definitions

Case definitions of chronic CHB and HBV-associated cirrhosis

were in accordance with the criteria issued by the Associa-

tion of Infectious Diseases of China in 2015.15 HBV-associated

HCC was  diagnosed according to standardization of diagno-

sis and treatment for primary liver cancer.16 The liver failure

was diagnosed according to the  guideline from the Associa-

tion of Infectious Diseases of China in 201217 and categorized

into four groups: acute liver failure (ALF), subacute liver failure

(SALF), acute-on-chronic liver failure (ACLF), and chronic liver

failure (CLF).

Clinical  laboratory  tests

The HBV serological markers HBsAg, anti-HBs, HBeAg, anti-

HBe, and anti-HBc were detected under Roche Elecsys e601

(Roche, German). Anti-HBs with results over 10 mIU/mL were



b  r a z  j i  n f e c t d  i  s  .  2  0 1  9;2 3(5):343–351 345

considered positive. Serum anti-HBs levels ≥100 mIU/mL were

regarded as ‘High’ anti-HBs (high levels of anti-HBs), for indi-

viduals with anti-HBs ≥100 mIU/mL were recognized to have

sufficient immunity against HBV infection. It  was  necessary

to maintain anti-HBs ≥100 mIU/mL so as to prevent rein-

fection of HBV in liver transplant recipients by using HBV

immunoglobulin (HBIG).18 Therefore, samples with positive

anti-HBs and serum levels <100 mIU/mL were regarded as

‘Low’ anti-HBs (low levels of anti-HBs). It  was reported that

HBsAg ≥1000 IU/mL was  a key factor associated with HCC

development in patients with HBV DNA level <2000 IU/mL.13

Thus, serum levels ≥1000 IU/mL were regarded as  ‘High’

HBsAg (high levels of HBsAg). Similarly, samples with positive

HBsAg with serum levels <1000 IU/mL were regarded as ‘Low’

HBsAg (low levels of HBsAg).

Serum alanine aminotransferase (ALT) levels were deter-

mined under ADVIA 2400 (Siemens, Germany). Serum

alpha-fetoprotein (AFP) levels were also determined by Roche

Elecsys e601 (Roche, German), and serum levels induced by

vitamin K absence or antagonist II (PIVKA-II) were detected by

using the commercial kit (Fujirebio, Japan) of chemilumines-

cent microparticle immunoassay. Serum HBV DNA levels were

quantified by COBAS Taqman HBV DNA (Roche, German) with

a limit detection threshold of 20 IU/mL.

Statistical  analysis

The Mann–Whitney U-test was used to compare age, ALT,

AFP, PIVKA-II, and HBV DNA among groups, while the chi-

squared test was used to compare categorical variables such

as the proportions of age ranges, sex, the grade of Child–Pugh.

Logistic regression analysis was performed using candidate

variables based on univariate analysis. Kaplan–Meier analysis

was performed to estimate the cumulative incidence of HCC

in patients including Group 3 and Group 4, and the two cumu-

lative incidences were compared with the log rank test. Data

from medical records were stored using Microsoft Office Excel

2010 (Microsoft Corp.). The software of SPSS v. 24.0 (IBM Corp.)

was used for data analysis. All p-values were two-sided and

p-values <0.05 were considered statistically significant.

Results

The  cross-section  study

The overall (n = 412)  median age study subjects was  52 years

(range, 19–91), 76.5% (315/412) male; 44.4% (183/412) were diag-

nosed with HCC, 10.4% (43/412) had evidence of liver failure,

18.4% (76/412) were evaluated as  Child–Pugh C.

Characteristics  of  patients  with  coexistence  of  HBsAg  and

anti-HBs

Demographic, clinical and serological characteristics of the

study groups are summarized in Table 3. In brief, there were

no significant differences between Group 1 and 2 regarding

sex (p = 0.131), grade of Child–Pugh (p = 0.488), presence of liver

failure (p = 0.903), serum ALT level (p = 0.231), HBeAg positive

rate (p = 0.767) and serum levels of HBV DNA (p = 0.727). How-

ever, the  median age of patients in Group 1 was  significantly

higher than in Group 2 (54 years vs. 49 years; p < 0.001). It

should be pointed out that there was  a higher proportion of

patients with HCC and also a  higher proportion of patients

with liver failure in Group 1 than in  Group 2 (51.0% vs. 37.8%,

p  = 0.011; 13.6% vs. 7.3%, p = 0.036, respectively). The propor-

tion of patients with HBsAg ≥1000 IU/mL in Group 1 was

significantly higher than Group 2 (38.3% vs. 54.9%, p = 0.001).

Moreover, the median serum AFP level of the patients was

32.7 (P25–P75, 6.2–296.2) ng/mL in Group 1  and 16.4 (P25–P75,

4.9–156.5) U/L in  Group 2 (p = 0.024). Similarly, the median

serum PIVKA-II level of patients in Group 1 was higher than in

600 patients with CHB were enrolled

HBsAg+/anti-HBs+(N = 300)

HBsAg+/anti-HBs- (N = 300)

Group 3: N = 130

260 patients for over 6

months follow-up

Low HBV load: N = 59

HCC: N= 6 HCC: N= 24

High HBV load: N = 201

exclude: N = 170

HCC 147

HCV 16

HDV 2

HIV 2

LT before HCC 3

Subgroup analysis

exclude: N = 128

HCC 93

HCV 22

HDV 3

HIV 3

LT before HCC 7

Group 4: N = 130
130 patiens were selected from 172 patients

(match with Group 3 in age and gender)

Fig. 1 – Flow chart of the study sample of the cohort study. LT: Liver transplantation.
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Table 3 – Demographic, clinical and laboratory data of patients with coexistence of HBsAg and anti-HBs (Group 1) and
HBsAg alone (Group 2).

Group1 (n = 206) Group 2  (n = 206) p-value

Age (years)a 54 (4562) 49 (3956) <0.001

Male sex, n (%) 151 (73.3) 164 (79.6) 0.131

Classification of liver disease, n 0.011

CHB, n (%) 39 (18.9)  50  (24.8)

Cirrhosis, n  (%) 62 (30.1)  78  (37.4)

HCC, n (%) 105 (51.0) 78  (37.8)

Child–Pugh, n 0.488

A, n  (%) 99 (48.1) 108 (52.4)

B, n  (%) 67 (32.5) 62  (30.1)

C, n (%) 40 (19.4) 36  (17.5)

Liver failure, n (%) 28 (13.6) 15  (7.3) 0.036

Classification of liver failure, n 28 15  0.903

ALF, n  (%) 0 (0) 0 (0)

SALF, n  (%) 1 (3.6) 1 (6.7)

ACLF, n (%) 23 (82.2) 12  (80.0)

CLF, n (%) 4  (14.2) 2 (13.3)

Laboratory results

ALT (IU/L)a 66.0 (31.0, 162.4) 51.9 (26.3, 245.0) 0.231

HBsAg ≥1000 IU/mL, n (%) 79 (38.3) 113 (54.9) 0.001

HBeAg positive, n  (%)  98 (47.6) 95  (46.1) 0.767

HBeAg/anti-HBe co-positive, n  (%)b 39 (39.8) 21  (22.1) 0.008

AFP (ng/ml)a 32.7 (6.2, 296.2) 16.4 (4.9, 156.5) 0.024

PIVKA-II (mAU/mL)a 45 (24,980) 30  (1980) <0.001

HBV-DNAa,c 4.7 (2.5, 6.1) 4.0 (2.0, 6.6) 0.727

a Median (P25, P75).
b The proportion of  HBeAg/anti-HBe co-positive in patients with HBeAg positive.
c Serum levels, Log10(IU/mL).

Group 2 (p <  0.001). Interestingly, the coexistence of HBeAg and

anti-HBe was  more  frequently found in patients with coexis-

tence of HBsAg and anti-HBs than patients in Group 2  (39.8%

vs. 22.1%, p = 0.008).

The  different  serological  patterns  for  coexistence  of  HBsAg

and anti-HBs

Four serological patterns of different serum levels combina-

tions of HBsAg and anti-HBs are exhibited in Fig. 2. Out of

the 206 patients with coexistence of HBsAg and anti-HBs, the

proportion of ‘Low’ HBsAg /  ‘Low’ anti-HBs was the  highest

(40.29%), while the number of patients with ‘High’ HBsAg /

‘High’ anti-HBs was  the lowest (9.71%). The rate of HCC were

higher in Group 1  than in Group 2. However, there was no sig-

nificant difference in the proportions of HCC patients within

these different serological patterns (P  = 0.827).

Univariate  and  multivariate  analyses  of  risk  factors  for

HCC

In univariate analysis, age ≥50 years, male sex, Child–Pugh

C, liver failure, initial serum ALT level, coexistence of HBsAg

and anti-HBs, HBeAg positive, and serum HBV DNA level were

significantly associated with HCC (Table 4).

In multivariate logistic regression analysis, age  ≥50

years [odds ratio (OR), 4.486; 95% confidence interval (CI),

2.592–7.762; p < 0.001], male sex (OR, 3.683; 95% CI, 2.025–6.699;

p  < 0.001), and coexistence of HBsAg and anti-HBs (OR,

N

H/H H/L L/H L/L +/-

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

20 59 44 83 206

CHB without HCC

HCC

Fig. 2 – The proportion of different serological patterns of

HBsAg and anti-HBs in the cross-sectional study. H/H:

‘High’ HBsAg / ‘High’ anti-HBs. H/L: ‘High’ HBsAg / ‘Low’

anti-HBs. L/H: ‘Low’ HBsAg / ‘High’ anti-HBs. L/L: ‘Low’

HBsAg /  ‘Low’ anti-HBs. +/−: HBsAg positive and anti-HBs

negative. CHB: chronic hepatitis B.  HCC: hepatocellular

carcinoma. The proportions of HCC in patients with all four

serological patterns of coexistence of HBsAg and anti-HBs

are higher than patients with HBsAg positive and anti-HBs

negative. However, there are  no obvious differences in  the

proportions of HCC in  patients with these different

serological patterns (p = 0.827).

2.063; 95% CI, 1.259–3.382; p  = 0.004) were considered as

independent risk factors for HCC (Table 5). The different sero-

logical patterns for coexistence of HBsAg and anti-HBs, except

for ‘High’ HBsAg and ‘Low’ anti-HBs, were also considered as
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Table 4 – Univariate analysis of risk factors for HCC (Combined patients of Group 1 and Group 2).

HCC (n = 183) Non-HCC (n = 229) �
2/U p-value

Age 52.870  <0.001

<50 years, n  (%) 44  (24.0) 137 (59.8)

≥50 years, n (%)  139 (76.0) 92 (40.2)

Sex 5.555 0.018

Male, n (%) 150 (82.0) 165 (72.1)

Female, n  (%)  33  (18.0) 64 (27.9)

Child–Pugh C 9.034 0.003

Yes, n (%) 22  (12.0) 54 (23.6)

No, n  (%) 161 (88.0) 175 (76.4)

Liver failure 22.157  <0.001

Yes, n (%) 4  (2.2) 37 (16.2)

No, n  (%) 179 (97.8) 192 (83.8)

ALT(IU/L)a 37.5 (23.5, 71.8)  128.7 (38.5, 641.2) 11,186  <0.001

Coexistence of HBsAg/anti-HBs 7.167 0.007

Yes, n (%) 105 (57.4) 101 (44.4)

No, n  (%) 78  (42.6) 128 (55.6)

HBeAg 17.893  <0.001

Positive, n (%) 64  (35.0) 128 (55.9)

Negative, n (%) 119 (65.0) 101 (44.1)

HBeAg positive 0.306 0.580

Anti-HBe positive, n  (%) 18  (28.1) 41 (32.0)

Anti-HBe negative, n (%) 46  (71.9) 87 (68.0)

HBV-DNAa,b 3.2  (2.0, 4.9) 5.5 (2.7, 7.1) 30,225  <0.001

a Median (P25, P75).
b Serum levels, Log10(IU/mL).

independent risk factors for HCC. In particular, compared to

patients with HBsAg positive and anti-HBs negative, patients

with the ‘High’ HBsAg /‘High’ anti-HBs (OR, 4.295; 95% CI,

1.104–16.699; p = 0.035) and ‘Low’ HBsAg /  ‘High’ anti-HBs (OR,

3.207; 95% CI, 1.299–7.919; p = 0.012) exhibited significantly

higher risk for HCC (Table 5).

The  cohort  study

The baseline characteristics of the study sample are pre-

sented in Table 6. Lower median serum HBV DNA levels and

shorter median follow-up duration in Group 3 than Group

4 (5.3 log10 IU/mL vs. 6.0 log10 IU/mL, p = 0.041; 54.5 months

vs. 68.5 months, p = 0.041, respectively) were found. There

were no significant differences between these two groups,

in terms of age (p = 0.567), male sex (p = 0.274), proportion of

Child–Pugh C (p = 0.169), serum ALT (p  = 0.186), proportion of

cirrhosis (p = 0.380), and rate of patients with HBeAg positive.

The incidence of HCC during the follow-up period was

15.4% (20/110) in patients with coexistence of HBsAg and anti-

HBs and 7.7% (10/120) in those with HBsAg alone. Out of the

260 patients, 223 (85.8%) received antiviral therapy, and there

was  no significant difference in the proportion of patients who

received antiviral therapy between the  two groups (p = 0.214).

The cumulative incidence of HCC was not related to  coexis-

tence of HBsAg and anti-HBs in a sub-cohort of 59 patients

with HBV-DNA level <2000 IU/mL (p  = 0.902) (Fig. 3A). How-

ever, in a  subcohort of 201 patients with HBV-DNA level

≥2000 IU/mL, the cumulative incidence of HCC was associated

with this serological pattern (p = 0.018) (Fig. 3B). Moreover, the

cumulative incidence of HCC was also associated with differ-

ent serological patterns of HBsAg and anti-HBs in  patients

with high HBV load (p < 0.001) (Fig. 3C). Particularly, ‘Low’

HBsAg /  ‘High’ anti-HBs might be associated with higher risk of

HCC development. To validate this finding, patients with HBV

DNA level ≥2000 IU/mL were categorized by the different sero-

logical pattern: ‘Low’ HBsAg/‘Low’ anti-HBs (Fig. 3D), ‘High’

HBsAg/‘Low’ anti-HBs (Fig. 3E) and ‘Low’ HBsAg/‘High’ anti-

HBs (Fig. 3F). Only the serological pattern of ‘Low’ HBsAg/‘High’

anti-HBs was associated with increased risk of HCC in  patients

with high HBV load (log rank p < 0.001). Unfortunately, only

four patients with ‘High’ HBsAg and ‘High’ anti-HBs were

included in our cohort study, and none of them developed HCC

at the end of follow-up.

Discussion

The prevalence of HBsAg and anti-HBs co-positive patterns

in chronic HBV-infected patients ranged from 4.9% (20/411)

in a Chinese cohort to 8.9% (77/864) in  a  French cohort.19,20

The prevalence rate in Korea was reported as  7.0% (73/1042).12

Obviously, this serological pattern is ubiquitous, and its clini-

cal significance is worth to be explored. As HCC is  a  devastating

complication for CHB patients, it is  important to identify

the risk factors for this complication in clinical practice.21

Although it has been reported that coexistence of HBsAg and

anti-HBs might increase the risk of HCC  in CHB infection,11,12

the potential association of different serological patterns of

quantitative HBsAg and anti-HBs with HCC had not been

investigated before. We  attempted to find out whether the

different serological pattern of coexistence of HBsAg and anti-

HBs was  associated with increased risk of HCC in CHB patients.
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Table 5 –  The multivariate logistic regression analysis of risk factors for HCC (Combined patients of Group 1 and Group 2).

Variables Frequency OR 95%CI p-value

Age ≥50 years

No 181 1

Yes 231 4.486 2.592–7.762 <0.001

Sex

Female 97 1

Male 315 3.683 2.025–6.699 <0.001

Child–Pugh C

No 336 1

Yes 76 0.715 0.333–1.533 0.389

Liver failure

No 369 1

Yes 43 0.122 0.035–0.429 <0.001

ALT(IU/L)a 58.9 (28.5, 184.9) 0.999 0.998–1.000 0.023

HBsAg+/anti-HBs+

No 206 1

Yes 206 2.063 1.259–3.382 0.004

HBsAg+/anti-HBs+

No 206 1

L/L 83 2.517 1.190–5.324 0.016

L/H 44 3.207 1.299–7.919 0.012

H/L 59 1.812 0.821–3.997 0.141

H/H 20 4.295 1.104–16.699 0.035

HBeAg positive

No 220 1

Yes 192 1.047 0.585–1.873 0.877

HBV-DNAa,b 4.2 (2.2–6.2) 0.752 0.654–0.865 <0.001

a Median (P25, P75).
b Serum levels, Log10 (IU/mL).

Table 6 – Baseline characteristics of patients in Group 3 and Group 4.

Group 3 (n = 130) Group 4 (n = 130) �
2/U  p-value

Age(years)a 47  (3654) 43 (3453) 8103.5 0.567

Male Sex, n (%)  101 (77.7) 108 (83.1) 1.195 0.274

Child–Pugh C, n (%) 16  (12.3) 24 (18.5) 1.891 0.169

ALT(IU/L)a 175.3 (46.4, 753.0) 109.6 (46.9, 505.7) 7648.5 0.186

Cirrhosis, n (%)  59  (45.4) 52 (40.0) 0.770 0.380

HBeAg Positive, n (%) 78  (60.0) 87 (66.9) 1.344 0.246

HBV-DNAa,b 5.3 (3.6, 6.6) 6.0 (3.8, 7.4) 7214 0.041

Follow-up duration(months)a 54.5 (33.0, 74.3) 68.5 (33.8, 80.3) 7208.5 0.041

a Median (P25, P75).
b Serum levels, Log10 (IU/mL).

In the cross-sectional study, some serological patterns

of coexistence of HBsAg and anti-HBs (‘High’ HBsAg/‘High’

anti-HBs, ‘Low’ HBsAg/‘High’ anti-HBs, and ‘Low’ HBsAg/‘Low’

anti-HBs) were considered as  independent risk factors for

HCC. Particularly, by comparing to patients with HBsAg alone,

patients with the ‘High’ HBsAg /  ‘High’ anti-HBs and ‘Low’

HBsAg / ‘High’ anti-HBs exhibited significantly higher risk for

HCC. In the cohort study, survival analysis was used to identify

the causal association by a long-term follow-up cohort. How-

ever, high HBV load (HBV DNA ≥2000 IU/mL) in  CHB patients

suggested active viral replication, which was  considered as

the driving force of disease progression.22,23 Patients with low

HBV load had minimal risk of HCC originally. It might explain

the reason why coexistence of HBsAg and anti-HBs did  not

increase risk of HCC, compared to HBsAg alone in CHB patients

with low HBV load. Overall, presence of anti-HBs and HBsAg

suggested an ongoing immune response which was insuffi-

cient to control the chronic HBV infection. The continuous

interaction of immune response and viral replication led to

chronic inflammation, which is an acknowledged mechanism

contributing to the development of HCC. Therefore, in  our

study, coexistence of HBsAg and anti-HBs was  a factor asso-

ciated with HCC development in CHB patients with high HBV

load. However, in patients with high HBV load, only the sero-

logical pattern of ‘Low’ HBsAg/‘High’ anti-HBs, but not ‘High’

HBsAg/ ‘High’ anti-HBs, was associated with increased risk of

HCC, which was mainly attributed to the hypothesis discussed

below. High HBV load indicates active viral replication, while

high levels of anti-HBs blocked infected hepatocytes from

releasing wild-type HBsAg.24 Meanwhile, a strong immune
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stress exerted by high levels of anti-HBs induced the selec-

tion and emergence of HBV variants with mutations in the

preS/S genomic region. Therefore, the accumulation of enve-

lope proteins, particularly preS mutations, in endoplasmic

reticulum of infected hepatocytes might activate the endo-

plasmic stress-signaling pathways, which induce oxidative

DNA damage and genomic instability. Therefore, the  cytotoxic

effects could lead to  liver damage, favoring the development

of HCC.25 In contrast, the attribution of the serum levels of

HBsAg to active host’s immune system in spite of intracellular
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Fig. 3 – The cumulative incidence of HCC in patients with CHB. (A) The cumulative incidence of HCC is not related to

coexistence of HBsAg and anti-HBs in a  subcohort of 59  patients with HBV-DNA level <2000 IU/mL (p = 0.902). (B) However, in

a subcohort of 201 patients with HBV-DNA level ≥2000 IU/mL, the cumulative incidence of HCC is associated with

coexistence of HBsAg and anti-HBs (P  = 0.018). (C) Comparison of cumulative incidence of HCC in different serological

patterns of HBsAg/anti-HBs. These patients with HBV DNA level ≥2000 IU/mL are categorized by the different serological

pattern: ‘Low’ HBsAg /  ‘Low’ anti-HBs (D), ‘High’ HBsAg / ‘Low’ anti-HBs (E),  and ‘Low’ HBsAg / ‘High’ anti-HBs (F).
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high expression of HBsAg might be low. Thus, this serological

pattern could be  related to HCC development.

There are several limitations in our research. Firstly, all

research subjects selected were from our institute in northern

China. It has been confirmed that HBV infection in northern

areas is mainly HBV genotype C, which has a prolonged active

viral DNA replication and protein expression, thus increas-

ing the lifelong risk for liver cirrhosis and HCC.26 Secondly,

since all participants in  the  cross-sectional study were medical

inpatients, it may  have introduced selection bias by  includ-

ing a higher proportion of HCC patients than in the general

population. Thirdly, the association of serological pattern with

HCC could not be observed in the long run due to  insufficient

follow-up. At last, in the cohort study, the number of patients

with ‘High’/‘High’ HBsAg and anti-HBs was not big enough for

further analysis of the relation between serological pattern

and HCC development.

In conclusion, coexistence of HBsAg and anti-HBs, particu-

larly for ‘Low’ HBsAg and ‘High’ anti-HBs, might be associated

with an increased risk of HCC development in CHB patients

with high HBV load. The interesting results may be attributed

to the active chronic inflammation induced by the long-

term interaction between host’s immune response and virus.

Therefore, the emergence of high antibodies levels may lead

clinicians to make a false judgment of disease recovery. In

clinical practice, ‘Low’ HBsAg/‘High’ anti-HBs in CHB patients

with high HBV load should take the possibility of risk for the

HBV-related adverse outcomes into consideration. If  this pat-

tern is detected in patients with CHB, it is  recommended to

check for HBV DNA and HBV mutation and to alert against the

occurrence of HCC-associated mutants, regardless of receiv-

ing antiviral therapy or not. The identification of patients with

poor prognosis will help clinicians to refine the therapeutic

interventions and to individualize follow-up strategies to pre-

vent or detect HCC early.
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positivity for the  hepatitis B surface antigen
(HBsAg)s̈erological profile. Med  Microbiol Immunol.
2011;200:13–22.

3. Arnold W,  Hess G, Meyer zum Büschenfelde KH, Kösters W,
Biswas R, Strauch M, et al. [Simultaneous occurrence in the
serum of hepatitis B surface antigen (HBsAg) and antibodies
against HBsAg (Anti-HBs) of different subtypes. (Serologic and
fluorescence histologic studies)]. Verhandlungen Der
Deutschen Gesellschaft Fur Innere Medizin. 1976,  82 Pt 1(82 Pt
1):405.

4. CHEN Y, QIAN  F, YUAN Q, Li X, Wu  W, Guo X, et al. Mutations
in  hepatitis B virus DNA from patients with coexisting HBsAg
and anti-HBs. J Clin Virol. 2011;52:198–203.

5. Pu Z, Li D, Wang  A,  Su  H, Shao Z, Zhang J,  et al.
Epidemiological characteristics of the carriers with
coexistence of HBsAg and anti-HBs based on a community
cohort study. J  Viral Hepat. 2016;23:286–93.

6. ZHANG JM, XU Y, WANG X Y, Yin  Y  K, Wu X H, Weng X H,
et al. Coexistence of Hepatitis B Surface Antigen (HBsAg) and
heterologous subtype-specific antibodies to HBsAg among
patients with Chronic Hepatitis B Virus Infection. Clin Infect
Dis. 2007;44:1161–9.

7. LIANG X F, BI S  L,  YANG W Z, WANG L  D, CUI F C CUI Q, et al.
Epidemiological serosurvey of Hepatitis B in China—declining
HBV prevalence due to Hepatitis B vaccination. Vaccine.
2009;27:6550–7.

8. FU X, CHEN J, CHEN H, LIN J,  XUN Z, Li S, et al. Mutation in the
S  gene of hepatitis B virus and anti-HBs
subtype-nonspecificity contributed to the co-existence of
HBsAg  and anti-HBs in patients with chronic hepatitis B virus
infection. J  Med Virol. 2017;89:1419–26.

9. Gerlich WH.  The enigma of concurrent hepatitis B surface
antigen  (HBsAg) and antibodies to HBsAg. Clin Infect Dis.
2007;44:1170.

10. Brunetto, Rossana M. Chance and necessity of simultaneous
HBsAg and anti-HBs detection in the serum of chronic HBsAg
carriers. J  Hepatol. 2014;60:473–5.

11. JANG JS, KIM H S, KIM H  J, SHIN W G, KIM K H, LEE J H,  et al.
Association of concurrent hepatitis B surface antigen and
antibody to hepatitis B surface antigen with hepatocellular
carcinoma in chronic hepatitis B virus infection. J Med Virol.
2009;81:1531–8.

12. SEO S  I, CHOI H S, CHOI B Y, KIM H S, KIM H Y, JANG M K, et al.
Coexistence of hepatitis B surface antigen and antibody to
hepatitis B surface may increase the risk of hepatocellular
carcinoma in chronic hepatitis B virus infection: a
retrospective cohort study. J Med Virol. 2014;86:124–30.

13. Tseng Tai–Chung, Liu Chun–Jen, Yang Hung–Chih, Su
Tung-Hung, Wang Chia-Chi, Yuan Chao, et al. High levels of
hepatitis B surface antigen increase risk of hepatocellular
carcinoma in patients with low HBV Load. Gastroenterology.
2012;142:1140–9.e3.

14. Chen Chien-Jen. Risk of hepatocellular carcinoma across a
biological gradient of serum hepatitis B virus DNA level.
JAMA. 2006;295:65.

15. Hou J,  Wang G, Wang F, Cheng J,  Ren H, Zhuang H, et al.
Guideline of prevention and treatment for chronic hepatitis B
(2015 Update). J Clin Transl Hepatol. 2017;5:297–318,
http://dx.doi.org/10.14218/JCTH.2016.00019.

16. Ministry of Health of the People’s Republic of China. Updated
standards for the  diagnosis and treatment of primary liver
cancer. Chin J  Hepatol. 2012:419–26, http://dx.doi.org/10.3760/
cma.j.issn.1007-3418.2012.06.007.

17. Lid Artificial Liver Group. Chinese Severe Liver Diseases and
Artificial Liver Group. Diagnostic and treatment guidelines for
liver failure (2012 version). Chin J Hepatol. 2013:177–83,
http://dx.doi.org/10.3760/cma.j.issn.1007-3418.2013.03.006.

http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0005
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0010
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0015
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0020
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0025
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0030
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0035
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0040
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0045
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0050
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0055
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0060
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0065
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0070
dx.doi.org/10.14218/JCTH.2016.00019
dx.doi.org/10.3760/cma.j.issn.1007-3418.2012.06.007
dx.doi.org/10.3760/cma.j.issn.1007-3418.2012.06.007
dx.doi.org/10.3760/cma.j.issn.1007-3418.2013.03.006


b  r a z  j i  n f e c t d  i  s  .  2  0 1  9;2 3(5):343–351 351

18. Samud D, Bismuth H, Mathieu D, Arulnaden JL, Reynes M,
Benhamou JP, et al. Passive immunoprophylaxis after liver
transplantation in HBsAg-positive patients. Lancet.
1991;337:812–5.

19. J M Zhang, Xu Y, Wang XY, Yin YK, Wu  XH, Weng  XH, et al.
Coexistence of Hepatitis B Surface Antigen (HBsAg) and
Heterologous Subtype-Specific Antibodies to  HBsAg among
Patients with Chronic Hepatitis B Virus Infection. Clin Infect
Dis. 2007;44:1161–9.

20. Lada O, Benhamou Y, Poynard T, Thibault V, et al. Coexistence
of  Hepatitis B  Surface Antigen (HBs Ag) and Anti-HBs
Antibodies in Chronic Hepatitis B Virus Carriers: In uence of
“a” Determinant Variants. J Virol. 2006;80:2968–75.

21. Liaw YF,  Chu CM. Hepatitis B virus infection. Lancet.
2009;373:582–92.

22. Chen CJ, Yang HI, Su J,  J  CL, You SL, Lu SN, et al. Risk of
hepatocellular carcinoma across a  biological gradient of

serum hepatitis B virus DNA level. JAMA. 2006;295:
65–73.

23. Iloeje UH, Yang HI, Su J, Jen CL,  You SL, Chen CJ, et al.
Predicting cirrhosis risk based on the level of circulating
hepatitis B viral load. Gastroenterology. 2006;130:
678–86.

24. Neumann AU,  Phillips S, Levine I, Ijaz S,  Dahari H, Eren R,
et al. Novel mechanism of antibodies to hepatitis B virus in
blocking viral particle release from cells. Hepatology.
2010;52:875–85.

25. Pollicino T, Cacciola I, Saffioti F, Raimondo G. Hepatitis B virus
PreS/S gene variants: pathobiology and clinical implications. J
Hepatol. 2014;61:408–17.

26. Yim H, Lok A. Natural history of chronic hepatitis B virus
infection: what we knew in 1981 and what we  know in 2005.
Hepatology. 2006;43:S173–81.

http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0090
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0095
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0100
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0105
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0110
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0115
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0120
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0125
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130
http://refhub.elsevier.com/S1413-8670(19)30425-8/sbref0130

	Coexistence of low levels of HBsAg and high levels of anti-HBs may increase risk of hepatocellular carcinoma in chronic he...
	Introduction
	Material and methods
	Study subjects and design
	Definitions
	Clinical laboratory tests
	Statistical analysis

	Results
	The cross-section study
	Characteristics of patients with coexistence of HBsAg and anti-HBs
	The different serological patterns for coexistence of HBsAg and anti-HBs
	Univariate and multivariate analyses of risk factors for HCC
	The cohort study

	Discussion
	Declarations of interest
	Funding sources
	Ethical approval
	References


