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Abstract

Background and Aims: Hepatitis B surface antigen (HB-
sAg) clearance is significantly more common in children with 
chronic hepatitis B (CHB) than in adults; however, the pos-
sible influencing factors related to HBsAg loss have yet to be 
found. This study aimed to explore the efficacy of long-term 
interferon (IFN)α therapy in treating children with CHB and 
analyzed the factors influencing functional cure after treat-
ment. Methods: A total of 236 children aged 1–6 years and 
diagnosed with CHB via liver biopsy were included in the 
study, all receiving IFNα treatment (IFNα-2b monotherapy, 
IFNα-2b followed by lamivudine [LAM] or IFNα-2b combined 
with LAM) and followed up for 144 weeks. A comprehen-
sive analysis was conducted on clinical data, including bio-
chemical items, serum markers of hepatitis B virus (HBV) 
and immunological indexes, and logistic regression analysis 
was used to screen the influencing factors related to HB-
sAg loss. Results: The cumulative loss rates of HBsAg were 
79.5%, 62.1% and 42.1% at 144 weeks after the start of 
treatment in the 1–3 years-old group, 3–5 years-old group 
and 5–7 years-old group, respectively (p<0.05). IFNα-2b 
combined with LAM treatment displayed the highest HBsAg 
loss rates compared with monotherapy and sequential treat-
ment (p=0.011). Younger baseline age and lower HBsAg lev-
els were independent factors for the prediction of HBsAg loss 
(p<0.05). The baseline PreS1 and hepatitis B core antibody 
levels in the HBsAg loss group were lower than those in the 
HBsAg non-loss group. In addition, the PreS1 level was posi-
tively corelated with the level of HBsAg, HBV DNA and liver 

inflammation. Conclusions: Long-term treatment with IFNα 
was effective in achieving HBsAg loss in CHB children aged 
1–6 years-old. Age less than 3 years-old and lower HBsAg 
levels are independent predictors of functional cure in chil-
dren with CHB.
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Introduction

Hepatitis B virus (HBV) infection has been a major threat 
to global public health. It is estimated that approximately 
50,000–100,000 children are infected per year, with 90% 
of the cases evolving into chronic infection.1 According to 
European data, less than 2% children under 3 years-old 
(y) develop natural hepatitis B e antigen (HBeAg) serocon-
version annually, compared with 4–5% in children over 3 
y. The annual natural clearance rate of hepatitis B surface 
antigen (HBsAg) is only 0.6–1%.2 Fortunately, compared 
with adults, antiviral treatment tends to be more effective in 
achieving HBeAg and HBsAg seroconversion in HBV-infected 
children.3,4 The treatment of children with chronic hepatitis 
B (CHB) aims to maximize the long-term inhibition of HBV 
replication and reduce the risk of cirrhosis and liver cancer, 
and for some target patients, “functional cure” should be 
pursued as far as possible.5–7

Interferon (IFN)α is the first choice for the antiviral treat-
ment of CHB in children. Studies have shown that age is 
an important predictor of IFNα efficacy, and starting an-
tiviral treatment before 5 y can result in a higher HBsAg 
loss rate.8–10 The host immune response plays a key role in 
the determination of functional cure. Our previous data in 
adults showed that the reversal of excessive activation and 
functional impairment of B cells was related to HBsAg se-
roconversion;11 however, the correlation between immuno-
logical indicators and disease outcome in children with CHB 
remains unclear. This study investigated the effect of IFNα 
on CHB children and identified the relationship between im-
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mune factors and HBsAg loss.

Methods

Patients

This retrospective study included 236 children aged 1–6 
y. All children were admitted from 2012 to 2018 and di-
agnosed with CHB according to the American Association 
for the Study of Liver Diseases (AASLD) 2018 Hepatitis B 
Guidance.6 The treatments consisted of IFNα-2b (3 MU/m2 
to 5 MU/m2, QOD) monotherapy (n=60), IFN sequential 
lamivudine (LAM) (3 mg/kg/day) (n=73, for which serum 
HBV DNA declined to <2 log10 after 12 weeks) and IFN 
combined LAM (3 mg/kg/day) (n=103). After 12 weeks, 
IFN monotherapy was initiated for the children whose se-
rum HBV DNA declined to <2 log10, and LAM (3 mg/kg/
day) was subsequently added (n=73). These children were 
evaluated every 1 to 3 months. A total of 160 children were 
treated and followed up for at least 144 weeks, with 76 
children dropping out. Clinical and immunologic data were 
collected and analyzed retrospectively. The following cases 
were excluded: 1) those who were coinfected with hepatitis 
A, C, D, or E; 2) those with other known metabolic diseases 
or immune disorders; and 3) those who had received immu-
nosuppressive or other immunoregulatory agents (includ-
ing thymosin, etc.) or systemic cytotoxic drugs in the last 
6 months. This study was approved by the Medical Ethics 
Committee of the Fifth Medical Center of the General Hos-
pital of PLA.

Efficacy assessments

The lower limit of detection of HBV DNA was 40 IU/mL (by 
real-time quantitative polymerase chain reaction; Roche 
COBAS AmpliPrep). HBeAg seroconversion was defined as 
the loss of HBeAg and appearance of anti-HBe. HBsAg loss 
was defined as serum HBsAg <0.05 IU/mL (HBsAg quan-
tification by Roche COBAS HBsAgII-Q, with 0.05 IU/mL as 
the lower limit of detection). Lymphocyte subsets were de-
tected by flow cytometry (Becton, Dickinson and Company, 
BD Biosciences), and liver function was assessed at each 
visit. The primary outcome was the proportion of patients 
with HBsAg seroconversion 144 weeks after the start of the 
treatment. The secondary outcomes included switches in vi-
rologic and serologic biomarkers at other time points.

Statistical analysis

Statistical analysis was conducted using SPSS Statistics 20.0 
(IBM Corp.). The statistical data of the normally distributed 
continuous variables are expressed as the mean±standard 
deviation, and the comparison between the two groups was 
performed by t test. The statistics of nonnormally distrib-
uted measurement data are expressed by median (inter-
quartile range), and the Mann-Whitney U test was used 
for comparisons between the two groups. One-way ANOVA 
was used for the multigroup comparison. The count data 
are expressed as percentages, and the chi-squared test or 
Fisher’s exact probability method was used for comparisons 
between the two groups. Kaplan-Meier analysis was used 
to compare the cumulative HBsAg loss rate. Multifactorial 
analysis was performed by binary logistic regression analy-
sis. All the tests in the study were two-sided, and a p value 
of 0.05 or less was considered to indicate statistical signifi-
cance in all tests.

Results

Clinical characteristics of 236 children with HBV 
infection

A total of 236 children were enrolled in this study, includ-
ing 131 boys and 105 girls, with the median age being 
2.79±1.51 y. According to the age at the first visit, the chil-
dren were subdivided into the ≥1 to <3 y group (boys/girls: 
58/54), the ≥3 to <5 y group (boys/girls: 52/38), and the 
≥5 to ≤6 y group (boys/girls: 21/13). The mean duration 
of the follow-up period was 129.4±51.8 weeks (range: 12–
278 weeks) for all of the pediatric patients. Among these 
children, 86.9% were HBeAg+. HBV genotyping was avail-
able for 226 patients, and genotypes B and C accounted 
for 22.1% (50) and 73% (165) respectively among the pa-
tients. Liver biopsy was performed in 232 (98.3%) children. 
In addition, 46.6% of the children showed mild inflamma-
tion (G<2), and 68.1% of them showed mild fibrosis (S<2). 
The treatments consisted of IFN monotherapy (n=60), IFN 
sequential LAM (n=73) and IFN combined LAM (n=103).

Efficacy analysis of antiviral treatment

Among the 205 HBeAg+ children (boys/girls: 125/80), 141 
children completed the 144-week follow-up. The HBeAg 
seroconversion rate demonstrated gradual increase, being 
13.6%, 24.2%, 36.8%, 53.5%, 68.2%, 78.6%, and 91.9% 
at each follow-up time point during the 144 weeks of anti-
viral treatment for the HBeAg+ CHB children (Fig. 1A). The 
HBsAg loss rates among the HBeAg+ children were 11.4%, 
20.5%, 30.1%, 40.4%, 51.1%, and 71.8% at each follow-
up time point during the 144 weeks of treatment. Of 31 
HBeAg- children (boys/girls: 17/14), 19 completed the 144-
week follow-up. The HBsAg loss rates among the HBeAg- 
children were 10.0%, 10.0%, 10.0%, 21.4%, 28.0%, and 
42.1% at each follow-up time point. We also found that 
the HBsAg loss rate of the two groups significantly varied 
at each time point (p<0.05), indicating that children who 
were HBeAg+ at baseline may achieve a higher HBsAg loss 
rate 144 weeks after antiviral therapy (Fig. 1B). However, 
because of limitation by the small sample size of the HBeAg- 
group, the low HBsAg loss rate in the group needs further 
investigation in future.

According to the treatment regimen, the children were 
divided into three groups, namely the IFN monotherapy 
group, sequential treatment group, and combination treat-
ment group. At the 48th week, the HBsAg loss rates of the 
three groups were 40.0% (24/60), 15.0% (11/73) and 
28.6% (28/98) (χ2=10.465, p=0.005) (Fig. 1C). The HBsAg 
loss rates of the three groups at the 96th week were 46.0% 
(28/60), 42.5% (31/73) and 44.0% (37/84) (χ2=0.238, 
p=0.888). At the 144th week, the HBsAg loss rates were 
71.6% (48/67) in the combination treatment group, 51.7% 
(31/60) in the monotherapy group and 47.9% (35/73) in 
the sequential treatment group (χ2=8.999, p=0.011).

Cumulative proportion of HBsAg loss

The 160 children who completed follow-up were divided into 
three age-based groups, as follows: 1–3 y (≥1 to <3 y), 
3–5 y (≥3 to <5 y), and 5–7 y (≥5 to <7 y). The Kaplan-
Meier analysis showed that the cumulative proportions of 
HBsAg loss during the 144-week follow-up were 58.9%, 
40.0% and 23.5% in the 1–3 y, 3–5 y and 5–7 y groups, 
respectively (Fig. 2A). The respective mean of the amount 
of time used to achieve HBsAg loss in the three groups were 
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77.1 weeks, 93.7 weeks and 104.2 weeks, compared with 
the 86.2 weeks mean for all patients. The cumulative HB-
sAg loss curves for the three groups were different, and the 
pooled overall strata showed that there was a significant dif-
ference in the cumulative HBsAg loss rate among the three 
groups (log rank p=0.001). The pairwise over strata com-
parisons showed that there were significant differences in 
the HBsAg loss rate between the 1–3 y group and the 3–5 y 
group (p=0.01) and between the 1–3 y group and the 5–6 
y group (p=0.002). There was no significant difference in 
the HBsAg loss rate between the 3–5 y group and the 5–6 
y group (p=0.129).

We also identified a change in the cumulative HBsAg loss 
rate in HBeAg+ CHB children (Fig. 2B). The cumulative pro-
portions of HBsAg loss during the 144-week follow-up were 
81.3%, 67.3% and 44.1% respectively in the three age 
groups (≥1 to <3 y vs. ≥5 to ≤6 y, p=0.030). The mean 
of the amount of time used to achieve HBsAg loss in the 

three groups were 75.2 weeks, 89.9 weeks and 99.2 weeks, 
respectively. For HBeAg- CHB children, the change of the 
cumulative HBsAg loss rate was also assessed (Fig. 2C). The 
cumulative proportions of HBsAg loss during the 144-week 
follow-up were 62.5% and 33.3% in the 1–3 y and 3–5 y 
groups, respectively (p>0.05). None of the HBsAg- children 
aged 5–6 y achieved HBsAg loss.

Predictors of HBsAg loss in CHB children

Of the 160 children who completed the 144-week follow-
up, only 110 children achieved the goal of HBsAg loss. Sex, 
genotyping, HBV DNA, HBsAg and alanine aminotransferase 
level did not vary between the HBsAg loss group and the 
HBsAg non-loss group (p>0.05), but there was a significant 
difference in age between the two groups (p<0.05). The 
B cell count and CD4/CD8 ratio in the HBsAg loss group 
were both higher than those in the HBsAg non-loss group 
(p=0.07 and p=0.059, respectively). Age, sex, HBV DNA, 
HBeAg, HBsAg, alanine aminotransferase, aspartate ami-
notransferase, B cell count and CD4/CD8 ratio were taken 
as independent variables, and prognosis was taken as the 
dependent variable. Binary multivariate logistic regression 
analysis showed that age at the start of treatment and HB-
sAg level were influencing factors for the prognosis of CHB 
children after 144 weeks of treatment (Table 1). We exam-
ined the HBsAg loss in children with CHB between the ages 
of 1 and 6 y, and revealed the role played by age and the 
level of HBsAg in this process by showing that children of 
lower age and with lower HBsAg levels are more likely to 
obtain HBsAg loss.

Serological profiles

The dynamic changes in lymphocyte subsets at different 
time points are shown in Table 2. After 12 weeks of treat-
ment, ALT and HBV DNA levels dropped significantly from 
the baseline level, while the lymphocyte counts revealed 
a decline in both the HBeAg+ and HBeAg- groups. In the 
group of patients with HBsAg loss during follow-up, the ab-
solute lymphocyte count was significantly lower compared 
with the group that is without. In addition, the CD4+/CD8+ 
T cell ratio was significantly lower than that before the treat-
ment (p<0.05). At the 24th week, 36th week and the 48th 
week, the CD8+ T cell count, B cell count, natural killer cell 
count and CD4+/CD8+ T cell ratio in the HBsAg loss group 
were significantly higher than those in the HBsAg non-loss 
group (p<0.05).

PreS1 and hepatitis B core antibody (HBcAb) gradu-
ally decreased with prolonged antiviral treatment 
time

We monitored the changes in PreS1 and HBcAb concen-
trations in children aged 1–6 y and found that PreS1 and 
HBcAb gradually decreased as the antiviral treatment was 
prolonged. Importantly, the baseline PreS1 levels were signif-
icantly higher in the HBsAg loss group (n=15, 3.86±1.55 log 
IU/mL) than in the HBsAg non-loss group (n=20, 3.31±1.60 
log IU/mL), while the baseline HBcAb levels were signifi-
cantly lower in the HBsAg loss group (2.59±0.97 log IU/
mL) compared with the HBsAg non-loss group (3.18±0.41 
log IU/mL, p<0.05). Analysis revealed a positive correlation 
between serum PreS1 and liver inflammatory score (Kend-
all’s tau-b=0.343, p=0.018), but no significant correlations 
between HBcAb and liver inflammation and fibrosis scores 
were observed. Instead of HBcAb, serum PreS1 was found to 

Fig. 1.  HBsAg loss rate in CHB children undergoing 144-week antiviral 
treatment. (A) The proportion of HBeAg seroconversion in HBeAg+ CHB chil-
dren. (B) The proportion of HBsAg loss in HBeAg+ children (black) vs. HBeAg- 
children (gray). (C) HBsAg loss rates among different treatment regimens af-
ter 144 weeks of treatment. HBsAg, Hepatitis B surface Antigen; CHB, chronic 
hepatitis B; HBeAg, Hepatitis B e Antigen.
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be positively correlated with HBV DNA and HBsAg in plasma 
(r=0.365, p=0.034; r=0.403, p=0.02).

Discussion

With mother-to-child vertical transmission being the cause 
of the majority of CHB cases in adults in East and Southeast 
Asia, the region outnumbers Europe and America in terms of 
CHB pediatric patients.12,13 Prompt antiviral treatment dur-
ing immune activation or reactivation is important, for it can 
reduce the risk of cirrhosis or liver cancer and can achieve 
functional cure in some children.14 Since HBsAg clearance is 
less common in the adult cohort, it is difficult to observe the 
influencing factors related to it. Given the greater prevalence 
of HBsAg clearance among CHB children, we conducted a 
comprehensive analysis on the clinical data of liver biopsies 

collected from 236 CHB children and explored the possible 
influencing factors related to HBsAg loss in this study.

Previous studies have shown that 96 weeks of pegylated 
(Peg)-IFNα-2a treatment may result in higher HBeAg se-
roconversion rates and higher HBsAg clearance rates com-
pared with 48-week Peg-IFNα-2a treatment in HBeAg+ 
CHB children,4,15,16 suggesting that combination or se-
quential therapy with IFN and nucleotide analogues may be 
adopted to achieve better efficacy.9,17,18 Our data showed 
higher HBsAg loss rates in the combination treatment group 
compared with the IFN monotherapy group and sequential 
treatment group after 144 weeks of therapy. These data 
also suggested the potential of longer treatment to achieve 
higher HBsAg loss rates in CHB children.

The factors influencing HBsAg loss remain unknown. A 
study from China showed that antiviral therapy imitated in 
children before 5 y could allow for achievement of a higher 

Fig. 2.  Cumulative proportion of HBsAg loss in CHB children with different ages during the 144-week follow-up period. (A) The cumulative proportions 
of HBsAg loss in 160 children. (B)The cumulative proportions of HBsAg loss in HBeAg+ children. (C) The cumulative proportions of HBsAg loss in HBeAg- children. The 
data were calculated by Kaplan-Meier test. HBsAg, Hepatitis B surface Antigen; CHB, chronic hepatitis B; HBeAg, Hepatitis B e Antigen.
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HBsAg clearance rate.19 Another study reported that much 
higher HBsAg clearance rate could be achieved in children 
who received antiviral treatment when they were younger 
than 3 y.20 Our data showed that the HBsAg loss rate af-
ter antiviral treatment in the 1–3 y group was significantly 
higher than that in the 3–5 y and 5–6 y groups. In addition, 
the children in the 1–3 y group achieved HBsAg loss more 
quickly than those in the other two groups. Multivariate lo-
gistic regression analysis showed that age and HBsAg level 
were influencing factors for HBsAg loss in CHB patients.

Previous studies have shown that host immune responses 
play an active role in HBV clearance and liver pathogenesis 
when it comes to chronic hepatitis, especially HBV-specific T 
and B cells, which are important for virus clearance and dis-
ease transformation.21,22 This study describes the dynamic 
changes in some virological, biochemical and immunological 
parameters associated with HBsAg loss during IFN therapy 
in CHB children. We found that the immune cell propor-
tion is an important factor associated with HBsAg loss. For 
example, the baseline B cell count and CD4/CD8 ratio were 
higher in the HBsAg loss group than in the HBsAg non-
loss group. These data indicated that monitoring periph-
eral lymphocyte subsets was helpful in predicting prognosis 
and antiviral treatment efficacy in CHB children. Notably, 
the lower HBsAg loss rate was observed in HBeAg- group 
as compared to HBeAg+ group, which was possibly due to 
the small sample size of the HBeAg- group. Future studies 
should comprehensively assess the biochemical markers, 
serum markers and immunological factors associated with 
HBsAg loss in a larger cohort of children CHB carriers in 
multiple center trials.

Our data also suggested that baseline virological factors 
are closely correlated with HBsAg loss. Positive correlation 
is also identified between the levels of HBsAg and HBV DNA 
in children with CHB and their serum PreS1 levels, which 
were significantly higher in the HBsAg loss group than in the 
HBsAg non-loss group. Indeed, previous studies have also 
demonstrated similar association between PreS1 levels and 

HBeAg and HBV DNA levels in adult CHB patients.23 These 
data suggested that PreS1 could be used to predict the an-
tiviral effect in children with CHB. Furthermore, recent stud-
ies have shown that baseline HBcAb levels can not only be 
used to predict the efficacy of antiviral therapy but are also 
correlated with the degree of liver inflammation and liver 
fibrosis in CHB patients.24 A few clinical studies have exam-
ined the relationship between baseline HBcAb levels and an-
tiviral efficacy in CHB children. Our results showed that the 
serum baseline HBcAb levels were significantly lower in chil-
dren who achieved HBsAg loss than in children who did not 
achieve HBsAg loss. Notably, no correlation was observed 
between the serum HBcAb levels and the liver inflammation 
and fibrosis scores in CHB children, which is different from 
adult cases. Clinical trials with larger cohorts are warranted 
to confirm the difference between children and adult pa-
tients with CHB.

In conclusion, CHB children may achieve functional cure in 
the clinic more easily with a relatively higher cumulative pro-
portion of HBsAg loss than adult CHB patients after long-term 
antiviral treatment. Age and HBsAg level were significantly 
associated with the achievement of HBsAg loss in children 
with CHB. Future studies should investigate the functional 
roles of several key immunological and virological factors, 
such as B cells, CD4/CD8, PreS1 and HBcAb, at baseline, 
which may be good predictors of antiviral therapy efficacy.
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Table 1.  Predictors of HBsAg seroconversion in CHB children

HBsAg loss (n=110) HBsAg non-loss  
(n=50)

Uni-
variate OR (95% CI) Multi-

variate

Age in years at treatment 2 (1, 6) 3 (2, 6) 0.002 1.553 (1.019–2.369) 0.041

Sex, male (%) 53 (48.2) 32 (64) 0.065 1.264 (0.418–3.820) 0.678

Treatment regimens 31/34/45 8/22/20 0.158

HBV genotype, C (%) 73 (66.4) 33 (66) 0.229

HBeAg+, % 102 (92.7) 39 (78) 0.011 4.982 (0.726–32.569) 0.094

Log (HBV DNA), IU/mL 7.8 (7.11, 8.2) 8.17 (6.59, 8.57) 0.764 0.533 (0.256–1.111) 0.093

Log (HBsAg), IU/mL 4.25 (3.56, 4.55) 4.27 (3.57, 4.7) 0.472 6.329 (1.315–30.471) 0.021

ALT, U/L 85.5 (53, 128) 125 (60.75, 174.75) 0.065 1.001 (0.993–1.008) 0.864

AST, U/L 76 (59.25, 112) 106 (62.75, 201.25) 0.014 1.005 (0.996–1.014) 0.318

Lymphocytes, cell/µL 4,140 (3,515, 5,550) 2,285 (1,864, 3,506.25) 0.303

T cell, cell/µL 2,660 (2,267, 3,623.5) 3,785 (2,820, 5,187.5) 0.497

CD4+ T cell, cell/µL 1,581 (1,175, 1,985.5) 1,273.5 (929.75, 1,852) 0.121

CD8+ T cell, cell/µL 934 (765, 1,275) 872 (635.25, 1,193.25) 0.959

B cell, cell/µL 1,079 (752.5, 1,368.5) 764 (607, 1,137.75) 0.070 0.999 (0.995–1.004) 0.832

NK cell, cell/µL 236 (151.5, 443.5) 207 (153, 521.25) 0.593

CD4/CD8 1.59 (1.295, 2.01) 1.52 (1.02, 1.78) 0.059 0.528 (0.064–4.331) 0.552

ALT, alanine aminotransferase; AST, aspartate aminotransferase; CI, confidence interval; NK, natural killer; OR, odds ratio; HBsAg, Hepatitis B surface Antigen; HBeAg, 
Hepatitis B e Antigen.
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