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Abstract: This review article was requested by editor-in-chief of this journal as ‘pediatric CHB treatment’ for

the upcoming special issue. The main objective of chronic hepatitis B (CHB) treatment is diminishing the risk

of complications related to chronic liver disease. In Asia, there are already some reports about hepatocellular

carcinoma (HCC) in hepatitis B virus (HBV) infected children. The key points of treatment in children with CHB

infections are selection of which patients to treat and conformation of the optimal therapy time that would reduce

viral resistance. The choice of therapy is determined by the district (Western/Eastern), HBV genotype, medical

accessibility, and economic state of the country. Newly developed nucleos(t)ide analogues (NAs) are potent in

children with CHB. However, to improve therapeutic efficacy, physicians are recommended to follow treatment

guidelines and determine the specific genotype in the CHB patient. In this article, the treatment of pediatric CHB

is reviewed according to differences in genotype.
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Introduction

Most children experience a period of immune-tolerance
during late childhood or adolescence, and some researchers
assert that this is the main reason why treatment for hepatitis
B virus (HBV) infected children is not indicated (1). However,
in Asia, there are already some reports about hepatocellular
carcinoma (HCC) in HBV infected children. Additionally,
after experiencing severe hepatitis during the immune-
clearance phase for a long period, the risk of HCC is higher
in Asian children than in western children. Therefore, early
detection of active hepatitis by regularly monitoring HBV
infected children is essential and suitable treatment options
must be employed. The choice of therapy is determined
by the district (Western/Eastern), HBV genotype, medical
accessibility, and economic state of the country. In this
review, we intended to introduce updated information about
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pediatric chronic hepatitis B (CHB) infections according
to differences in genotype and help physicians treat HBV
infected children.

Selection of patients for treatment
Treatment indication

The main objective of CHB treatment is diminishing
the risk of complications related to chronic liver disease.
The therapeutic indications for both HBeAg-positive and
HBeAg-negative CHB are generally the same as adults. The
three main indications are serum HBV DNA levels, serum
ALT levels, and the severity of liver disease (determined by
liver biopsy or other less invasive tools). Practitioners also
have to consider age, physical condition, and family history
of HCC or liver cirrhosis (2,3).
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In HBeAg-positive individuals, normal ALT levels,
minimal or no liver inflammation determined by biopsy,
and elevated serum HBV DNA levels are the characteristics
of the immune-tolerance phase. The immune-clearance
phase is characterized by a positive HBeAg state, low serum
HBV DNA levels, high ALT levels, a moderate or severe
hepatic inflammation state, and accelerated fibrosis. The
treatment indication for CHB includes HBV DNA levels
above 20,000 IU/mL, pretreatment serum ALT levels above
2 folds of the upper limit of normal (ULN) ALT levels for
6 months, and/or liver disease determined by liver biopsy
showing an active hepatitis state.

The immune-tolerance phase is influenced by several
factors. A younger age at diagnosis, vertical infection,
suppressed immune status, Asian ethnicity, viral genotype (D
> A, C > B), and high histological and biochemical activity
are strongly related to a longer immune-tolerance phase (4).

Activation to active hepatitis B

The duration of the immune-tolerance phase is
unpredictable. In case of children vertically infected
by HBeAg-positive mothers, the duration may be over
three decades. However, in children that are horizontally
infected, the immune-tolerance phase seems to be very
short and is hardly recognizable (2). Chang er al. reported
that the annual rate of spontaneous HBeAg seroconversion
is less than 2% in younger children (<3 years) and 4-5%
in older children (5,6). However, around 90% of children
are HBeAg-positive by 10-15 years of age (7). In Taiwan,
the most common genotype in children with chronic
HBYV infections is B (>70%) and HBeAg seroconversion is
slower in children with genotype C (8). The proportion of
children with CHB entering the early immune-clearance
phase differs according to age. In Korea, where genotype
C is predominant, this proportion, which was calculated by
the Kaplan-Meier method, was 4.6%, 11.7%, and 39.7% in
children <6, <12, and <18 years, respectively (9).

Medications approved for CHB patients (=2 years)

The US Food and Drug Administration (FDA) has
approved five medications for treating CHB for children:
interferon (IFN)-alpha, lamivudine, adefovir, entecavir,
and, recently, tenofovir (2). On March 20, 2014, the FDA
approved expanding the patient population for treatment
with entecavir to include pediatric CHB subjects 2 years and
older. Tenofovir was recently approved for use for children
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over 12 years. Phase III trials using tenofovir for children
2 to 12 years are being conducted with a dose of 8 mg/kg
(maximum dose 300 mg/day). Lamivudine was withdrawn
from the first-line treatment group in adults because of
very high resistance rates, but is still thought to be highly
effective in children under 6 years in Korea where genotype
C is predominant (10).

The antiviral effects of lamivudine, entecavir, and
tenofovir on toddlers and preschoolers (<6 years)

The choice of antiviral medications with a low resistance
profile and strong therapeutic potential is critical for first-
line therapy in children and adults (11). Choe ez a/. (12)
reported that long-term lamivudine treatment was more
effective in achieving HBeAg seroconversion than IFN-alpha
treatment, and this effect was also observed in toddlers and
preschoolers. By the way, when entecavir is chosen as the
first treatment option and viral resistance occurs due to poor
patient compliance or false treatiment indication, it is difficult
to select a second-line treatment. However, if lamivudine is
chosen as the first treatment option for younger children,
even if the initial treatment fails, tenofovir can be considered
as a rescue therapy (13,14). Until now, several factors such as
a younger age at diagnosis, longer consolidation treatment
period, lower HBV DNA levels at the end of treatment,
and genotype B infection have been reported to be closely
related with the elevated durability of lamivudine therapy
(15-19). These factors could be applied to newly developed
nucleos(t)ide analogues (INAs), as well.

Therapeutic choices for children between 2 and 12 years
with CHB have been limited. Recently, several studies
about the efficacy and safety of entecavir in children and
adolescents have been reported. According to a recently
published study by Jonas er 4/., entecavir was superior to a
placebo in achieving normalized ALT levels, HBV DNA
suppression, and HBeAg seroconversion at 48 weeks. Similar
to adults, the appearance of viral resistance seemed less
common with entecavir than with which other medications;
the cumulative probability of entecavir resistance was 2.6%
at years 2 (20).

The relation between the efficacy of NA
treatment and genotypes

Lamivudine treatment responses and genotypes
Pediatric patients have a good tolerance for lamivudine (21).
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Kim et al. showed that among patients treated with lamivudine,
younger children (<7 years) achieved a higher rate of HBsAg
clearance than older children in areas where genotype C
was predominant. Among 49 children who achieved HBeAg
seroconversion, 13/49 (26.5%) children lost HBsAg, even
though they were all infected vertically (22).

Zollner et al. (23) suggested that differences in viral
activity were observed in vivo between genotype A and
genotype D HBV with lamivudine resistance. Specifically,
the HBV genotype appeared to influence the stability of
codon rt204, and the resistance-associated mutations from
rtM2041 to rtM204V were significantly more common in
genotype A carriers than in genotype D carriers.

A retrospective study reported that the development
of lamivudine resistance was much higher in genotype B
than genotype C within the initial 48 weeks of lamivudine
therapy (24). Although the frequency of the HBV rtM204I
mutation was higher in genotype B patients (67%) than
in the mutation frequency related to genotype C patients,
the difference was not statistically significant. This study
suggested that practitioners needed to monitor changes in
resistance in specific HBV genotypes while NAs were used
for therapy.

Entecavir treatment responses and genotypes

Entecavir is highly effective in viral suppression in
children and adolescents with CHB, but has a limitation in
accomplishing complete remission.

In an adult study, entecavir was effective in sustained
suppression of HBV DNA to a level of <300 copies/mL.
The risk of antiviral drug resistance was minimal during
the treatment period and virological rebound or genotypic
resistance to entecavir was not observed (25). Another adult
study showed the possibility of HBsAg loss with entecavir
monotherapy. According to this retrospective analysis, all
patients that achieved HBsAg loss by entecavir monotherapy
maintained a low HBV DNA level (<300 copies/mL).
Specifically, Caucasian patients and patients with HBV
genotype A or D infections, had a significantly higher
chance of losing HBsAg than Asian patients (26). However,
the effect of HBV genotypes on HBsAg loss may be more
apparent when studied according to ethnicity or the country
of origin (or route of infection) (27).

A study conducted in Arab countries reported the
results of treating eight HBeAg-positive children
(mean age 4.8 years; range, 2.6-15 years) with HBV
genotype D infections. This study concluded that 37.5%

© Annals of Translational Medicine. All rights reserved.

Page 3 of 7

of children treated with entecavir achieved HBeAg loss
and seroconversion without any side effects during the
treatment period (28). Chu ez 4/. (29) reported that both the
lamivudine and adefovir combination therapy and entecavir
monotherapy were superior to adefovir monotherapy
in viral suppression in children and adolescents with
lamivudine-resistant CHB with HBV genotype C
infections, but the difference between the two groups was
not significant. Currently, tenofovir is used for rescue
treatment in lamivudine-resistant CHB.

Tenofovir treatment responses and genotypes

According to a study by van Bommel er a/. (13), HBeAg
seroconversion was achieved in 20 of 85 HBeAg-positive
patients (24%) after a median duration of 11 months of
tenofovir disoproxil fumarate (TDF) treatment. HBsAg
loss was observed in 4 patients (3%) with HBV genotype
A infections after 25 months of TDF treatment. A recent
study about TDF treatment response stated that among
158 HBeAg-positive patients, 5 patients lost HBsAg at
48 weeks of TDF monotherapy (30). The genotypes of
these five patients were A (two patients) and D (three
patients). Even though there are limitations in drawing a
conclusion using data from a small study size, this study also
showed the relation between specific HBV genotypes and
HBsAg loss induced by NAs.

In addition, Heathcote er 4l. reported that in an adult
study (31), HBeAg-positive patients treated with TDF
who lost HBsAg included genotypes A (60%), D (35%),
and F (5%) after 144 weeks of treatment. Especially in the
genotype A group, among 46 HBeAg-positive patients,
12 patients lost HBsAg, and in the genotype D group,
among 78 patients, 7 lost HBsAg. This result implied that
the therapeutic effects of TDF differ among CHB patients
infected with different genotypes. It is critical to check
the genotypes of patients for better therapeutic results,
especially when considering TDF as the first-line choice for
CHB patients (able 1).

Although there are no published studies about the
efficacy of TDF on children with CHB, it seems that
pediatricians should consider TDF as the main treatment
regimen for patients with CHB.

CHB treatment according to specific genotypes

Patients with HBV genotype C usually experience a longer
period of active HBV replication, which results in delayed
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Table 1 The relation between viral genotypes and mutations—NA
response (21,23,24,26,27,30,31)

Variable Relation
Lamivudine
HBsAg loss C (<6 years)
Resistance rate at 48 weeks B>C
Mutation frequency rtM2041 — rtM204V ~ A>D
Entecavir: HBsAg loss at 48 weeks A,D>B,C;

Caucasian > Asian

Tenofovir: HBsAg loss at 48 or 144 weeks A,D>B,C

NA, nucleos(t)ide analogue.

Table 2 The relation between viral genotypes and mutation—
IFN-a response (43-49)

Variable Relation
BCP A1762T/

G1764A mutation > 5D >A
Pre-S deletion C>B

IFN-a response A > D (regardless of HBeAg status);

B > C (HBeAg-positive)

PEG-IFN response A > B, C > D (HBeAg-positive);
B > C (HBeAg-positive especially in Asians)

BCP, basal core promoter; IFN, interferon.

HBeAg seroconversion. Therefore, they are at risk for more
severe fibrosis, cirrhosis, and even HCC than genotype
B patients (8,32,33). Spontaneous HBsAg seroclearance
is more common in genotype A and genotype B patients
compared with genotype C and genotype D patients (34,35).

Several studies about the response rate to IFN therapy
have revealed that the rates of HBeAg seroconversion are
significantly higher in patients infected with genotype B
than genotype C (36,37). A number of studies have also
showed that the therapeutic effect of PEG-IFN-a-2b on
HBsAg clearance is highest in genotype A patients (38,39).

Standard and PEG IFN-a was proven to be more
effective on people with HBV genotypes A and B than those
with genotypes C and D (40). Many studies reported that
the therapeutic responses to IFN therapy were higher in
genotype A than genotype D and higher in genotype B than
genotype C (41).

According to a study by Sugiyama ez 4l. that used both
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in vivo and in vitro experimental systems, genotype D had
higher intracellular levels of HBV DNA and core protein
than genotype A, and this may explain why genotype D is
more resistant to IFN therapy than genotype A (42) (Table 2).

The relation between the response to NAs and HBV
genotype have not been clarified (43). However, recently,
a few studies suggested that each NA and genotype
reveals differences in resistance and curability, respectively
(13,23,24,26,30,31). If this were true, then it would be
beneficial to select different first-line drugs for specific
genotypes.

The distribution of specific genotypes is as follows:
genotype A is common in sub-Saharan Africa, India,
Western Africa, and Northern Europe; genotypes B and C
are prevalent in Asia; genotype C chiefly exists in Southeast
and Far East Asia; and genotype D is popular in Africa,
India, the Mediterranean region, and Europe (50).

Monitoring after complete remission

It is important to prevent relapse after completing HBeAg
seroconversion with lamivadine monotherapy by continuing
treatment for more than at least 6 months after HBeAg
seroconversion (51). However, Hong er al. (10) reported
that lamivudine should be used until achieving complete
remission and that it is needed for more than at least
12 months after HBeAg/anti-HBe seroconversion to get
better therapeutic results, even in young children. Authors
suggest that NAs should be continued for 2 years after
complete remission if it takes a very long time to achieve
HBeAg seroconversion or if low HBV DNA levels persist
after complete remission.

Prevention of treatment failure

First, being in the immune-tolerance phase should not be
considered as a treatment indication. The initial ALT level
must be higher than 2x ULN to avoid resistance (10).
Second, if a high ALT level persists in a patient, then
other hepatic problems should also be considered including
reactive hepatitis in children with other infections such as
pneumonia and acute pyelonephritis. For an obese child
with CHB, it may not be possible to identify whether the
cause of ALT elevation is due to an active HBV infection
or nonalcoholic fatty liver disease; therefore, a liver biopsy
should be performed to determine whether to treat the
patient or not if the patient failed to reduce body weight.
Third, poor compliance is another cause of treatment
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failure. Practitioners should educate CHB patients about
the importance of daily administration of medicines without
omission.

Fourth, it is also important not to stop medication too
early after achieving complete remission. An additional
period of treatment must be applied for 1 or 2 years after
HBeAg seroconversion to prevent relapse.

Conclusions

Newly developed NAs are potent in children with CHB.
Physicians should update their information about the
current treatment guidelines to improve therapeutic
efficacy. Pretreatment determination of the specific
genotype might be helpful in the preparation of treatment
strategy for children with CHB.
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