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Abstract

Purpose of Review Chronic hepatitis B (CHB) infection is a worldwide health problem with significant morbidity. Children
with CHB require a lifetime of monitoring for infection activation, hepatic disease and its complications, and hepatocellular
carcinoma (HCC). Children with CHB which is in the immune active stage are candidates for antiviral treatment. As new
medications have been approved for children, the treatment recommendations have changed. This review summarizes the
recent data.

Recent Findings With the demonstration of safety and efficacy of entecavir and tenofovir in children, previously used medi-
cations like lamivudine and adefovir are no longer recommended as the first-line treatments.

Summary Health care providers should provide counseling regarding monitoring, natural history, and transmission to chil-
dren with CHB and their families. Children in the immune active stage are candidates for antiviral treatment. With more
approved therapies over the last few years for a wider age range of children, there are safe, effective, and well-tolerated

therapeutic options.
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Background

The natural history of chronic hepatitis B virus infection
in children varies with age at infection, acquisition, ethnic-
ity, and endemic region. Around the world, most chronic
hepatitis B virus (HBV) infection is transmitted perinatally
or during early childhood. The global burden of disease
was recognized by the World Health Organization (WHO)
in 2016 when it started the Global Health Sector Strategy
on Hepatitis 20162021 [1, 2]. This initiative is aimed at
elimination of hepatitis B as a public health threat by 2030
by reducing the incidence of chronic infection by 90%. This
will be measured by a reduction of the prevalence of chronic
HBYV in children age 5 years. This is because the risk of
chronic infection when acquired in infancy is 90%, 30%
when acquired during the first 5 years of life, and <5% in
older childhood and adulthood [3]. Loss of hepatitis B e
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antigen (HBeAg), or seroconversion to anti-HBe can occur
spontaneously, and the annual rate differs by age <2% in
children under 3 years, 4-5% after age 3, with higher rates
during puberty [4, 5]. Children from non-endemic areas are
less likely to have been perinatally infected and will often
undergo HBeAg seroconversion in the first 2-3 decades of
life [6].

Although most children are in the immune tolerant stage
of HBV infection, those with immune active HBV by defini-
tion have abnormal alanine aminotransferase (ALT) values.
In children, as in adults, with cessation of HBV replication,
serum alanine aminotransferase (ALT) becomes normal,
HBeAg is lost with or without the development of anti-HBe,
and there is improvement in liver histology. Due to the per-
sistence of covalently closed circular DNA (ccc DNA), the
transcriptional template of HBV, in the nucleus of hepato-
cytes, patients who have undergone HBeAg seroconversion
cannot be considered “cured” [7, 8]. These patients are at
lifelong risk for reactivation of infection. If patients lose
the hepatitis B surface antigen (HBsAg), typically with per-
sistent HBV DNA suppression, this is considered to be an
“immunological cure.” This is true whether seroconversion
occurs spontaneously or as a result of treatment, although
HBsAg loss is rare during the childhood years.
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The most serious sequelae of chronic hepatitis B (CHB),
cirrhosis and hepatocellular carcinoma (HCC), are not com-
monly seen during childhood and adolescence. In a study
of 292 consecutive HBsAg-positive children with elevated
ALT levels, 10 patients (3%) had cirrhosis [9]. In adults,
HCC is thought to be related to HBV DNA level, degree
of liver injury, and duration of infection. HCC can occur in
children who have had HBeAg seroconversion, indicating
that the risk of HCC continues even after viral replication
has ceased [10].

AASLD [11, 12], WHO [13], European Association for
the Study of the Liver (EASL) [14, 15], and the ESPGHAN
[16], guidelines all agree that the goal of treatment is to
improve long-term survival and decrease the morbidity
associated with chronic HBV infection. Although these
guidelines also agree the optimal endpoint of treatment is
persistent HBsAg clearance, which indicates a halting of
disease progression and thereby a reduction in the risk for
HCC, this endpoint occurs rarely in treated patients. If this
is not attained, the next goal of therapy is to reach sustained
undetectable HBV DNA levels and anti-HBe seroconversion
in patients who were previously HBeAg-positive, along with
ALT normalization. Alternatively, undetectable HBV DNA
while under prolonged antiviral therapy is also a reasonable
goal, although this is not ideal for pediatric patients.

Indication for Treatment

Selecting patients who can benefit from treatment and
determining the optimal time for treatment are important
decisions in order to maximize benefit while limiting the
duration of therapy to minimize the risk for drug resistance
later in life.

There are no data regarding the treatment of acute HBV
infection in children. Most children who are infected perina-
tally are asymptomatic. If children develop acute fulminant
hepatitis, typically the viremia and HBsAg rapidly clear
without treatment. Most children who develop chronic HBV
after maternal-to-child transmission have persistently normal
ALT levels, high HBV DNA levels and HBeAg in keeping
with an immune-tolerant state, but immune activation can
occur [11].

Children with ALT levels <1.3-2 times the upper limit
of normal (ULN), positive HBeAg, and high HBV DNA
levels (> 10 million IU/ml) are in the immune tolerant phase
of HBV infection. These children are not candidates for
treatment because current therapies have not been shown
to induce HBeAg seroconversion when compared with no
treatment [12, 13]. Thus, the American Association for the
Study of Liver Diseases (AASLD) recommends against the
use of therapy in these children, regardless of the HBV DNA
level [11]. In addition, children with ALT values greater than
10 times the ULN may be in the process of spontaneous
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HBeAg seroconversion and should be observed for sev-
eral months before the decision to proceed with treatment
is finalized. For patients with DNA level < 10* IU/mL but
elevated ALT, therapy can be deferred until other etiologies
of liver disease and spontaneous HBeAg seroconversion are
evaluated.

The AASLD recommends treatment for children ages
2 to < 18 years who are HBeAg-positive with persistently
elevated ALT (> 1.3 times the ULN at least 2 occasions over
at least 6 months in HBeAg+ or 12 months in HBeAg—chil-
dren) and HBV DNA levels of 22000 IU/ml [11, 12]. The
AASLD guidelines recommend using ALT 35 U/L for adult
males and 25 U/L for adult females for the ULN thresholds
for treatment [12]. The 2015 World Health Organization
(WHO) and 2013 European Society of Pediatric Gastroen-
terology, Hepatology and Nutrition (ESPGHAN) guidelines
state that treatment priority should be given to children with
clinical evidence of compensated or decompensated cirrho-
sis, regardless of ALT levels, HBeAg status, or HBV DNA
levels [13, 16]. In addition, according to those guidelines,
treatment of patients with advanced inflammation or fibrosis
or family history of HCC should be considered [16].

Treatment Options

Therapies for children with chronic hepatitis B include bio-
logic preparations (pegylated interferon-alfa 2a, interferon-
alfa), oral nucleoside (lamivudine, entecavir), and nucleotide
(adefovir dipivoxil, tenofovir disoproxil fumarate, tenofovir
alafenamide) analogs (NA). There are currently 6 agents
(interferon-a-2b, pegylated interferon alfa- 2a, lamivudine,
adefovir, tenofovir disoproxil fumarate, entecavir) approved
for treatment for children or adolescents in the United States
by the Food and Drug Administration (FDA). Current treat-
ment options for children in the USA have acceptable safety
profiles (Table 1).

Therapeutic trials in children have included HBeAg-
positive patients with at least mildly elevated ALT (> 1.3
times the ULN with the usual ULN of 30 U/L). Since end-
points such as cirrhosis, HCC, and death are rare in chil-
dren, these studies typically invoked intermediate endpoints
including the normalization of ALT, HBV DNA clearance/
suppression, HBeAg loss, and seroconversion, or a combi-
nation of these factors. Studies used different assays for the
measurement of HBV DNA level, but all studies included
only HBeAg-positive patients. There have been no studies
of therapy for HBeAg-negative children, since this is rare
during childhood and adolescence.

A meta-analysis examined randomized controlled tri-
als (RCT) and observational studies of children < 18 years
with chronic HBV infection [17]. After searching 2321
citations, 14 qualifying studies with children were identi-
fied, in which some of the patients were followed for up to
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Table 1 Recommended antiviral therapies approved for use in children in the USA

Drug Age Dose

Possible Side Effects

Monitoring while on treatment

180 mcg/1.73 m* x BSA SC
weekly
Max dose-180 mcg/dose

Pegintereron alpha-2a 3 to <18 years

Interferon-a.-2b >1-18 years 6 million ITU/m? TIW

For treatment naive

For 10-30 kg, there is weight-
based dosing

-0.15 mg (10-11 kg)

-0.2mg (>11-14 kg)

-0.25 mg (> 14-17 kg)

- 0.3 mg (>17-20 kg)

- 0.35 mg (>20-23 kg)

- 0.4 mg (>23-26 kg)

-0.45 mg (>26-30 kg)

- 0.5 mg (>30kg)

For lamivudine experienced

-0.3 mg (10-11 kg)

-0.4mg(>11-14 kg)

-0.5mg (>14-17 kg)

- 0.6 mg (>17-20 kg)

- 0.7 mg (>20-23 kg)

- 0.8 mg (>23-26 kg)

- 0.9 mg (>26-30 kg)

-1 mg (>30kg)

8 mg/kg/dose once daily
Max dose: 300 mg daily

Entecavir 22 years

Tenofovir DF >2 yrs and
weigh-

ing>10 kg

- Flu-like symptoms

-Fatigue

- Mood changes

-Nausea, anorexia and weight
loss

- Cytopenias

- Flu-like symptoms

- Fatigue

- Mood changes

- Cytopenias

- Autoimmune disorders

Lactic acidosis

- CBC (q 1-3 months)

- TSH (q 3 months)

- Monitor for autoimmune,
ischemic, neuropsychiatric and
infectious issues

- CBC (q 1-3 months)

- TSH (q 3 months)

- Monitor for autoimmune,
ischemic, neuropsychiatric and
infectious issues

Lactic acid levels if concerned

-CrCl at baseline

-If at risk for renal impairment,
CrCl, serum phos, urine glu-
cose, and protein yearly

- In patients with fractures or risk
for osteopenia, bone density at
baseline and during treatment

- Lactic acid levels if concerned

-Nephropathy

-Fanconi syndrome

-Osteomalacia, decrease in bone
density

-Lactic acidosis

Abbreviations: BSA body surface area, CBC complete blood counts, 7SH thyroid-stimulating hormone, CrCl creatinine clearance

15 years. Twelve of the RCTs studied intermediate treat-
ment endpoints: ALT normalization, HBV DNA suppres-
sion, HBeAg/HBsAg seroconversion, and HBeAg/HBsAg
loss. Looking at all RCTs with post-treatment follow-up
both < 12 months and = 12 months, anti-viral treatment
was more effective than placebo to achieve all intermedi-
ate endpoints: ALT normalization, HBeAg clearance loss,
HBYV DNA suppression, HBeAg seroconversion, and HBsAg
clearance.

Biologic Therapies
Interferon (IFN) is a cytokine with immunomodulatory and

antiviral properties [18]. IFN-a affects HBV by binding to
its cellular receptor and activates secondary messengers

which then help promote defense of the cell against viruses.
IFN-a also enhances immunomodulation by increasing anti-
gen presentation to the immune system, activation of natural
killer cells, and increased production of cytokines. Antivi-
ral effects include degradation of viral mRNA, inhibition
of viral protein synthesis, and prevention of cell infection.
In a RCT in children, IFN-a did not significantly reduce
the risk of either HCC (RR 0.3) or cirrhosis (RR 0.2) [19,
20]. In RCTs looking at < 12-month follow-up from ther-
apy, pediatric patients treated with IFN-a were found to
have statistically improved HBeAg clearance/loss (RR 3.2)
[21-24] and HBV DNA suppression (RR 2.2) [21-26] com-
pared to no treatment. However, IFN-a treatment did not
result in ALT normalization (RR 1.4) [21-23, 26], HBeAg
seroconversion (RR 2.8) [24], or HBsAg clearance (RR
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7.4) [23]. When followed for = 12 months post-IFN-a treat-
ment, there was improved HBeAg clearance/loss (RR 2.0)
[21, 24, 26, 27] and HBeAg seroconversion (RR 3.1) [24,
27], but not ALT normalization (RR 1.4) [28], HBV DNA
suppression(RR 1.5) [21, 22, 27], HBsAg clearance (RR 3.3)
[25, 29], or HBsAg seroconversion (RR 2.5) [23, 28].

In the USA, for children older than 1 year of age,
interferon-a.-2b is approved for a course of 24 weeks.
Peginterferon (PegIFN) alfa-2a is recommended for the treat-
ment of adults with CHB and chronic hepatitis C and has
replaced IFN because of its once-weekly injection require-
ment and improved efficacy and safety. In 2017, the FDA
and European Medicine Agency (EMA) approved PegIlFN
alfa-2a for pediatric patients age 3 to < 18 years with CHB
for once weekly therapy for 48 weeks. A randomized, con-
trolled, open-label, international multicenter phase III study
studied PeglIFN alfa-2a in children (age 3 to < 18 years) with
HBeAg-positive (=6 months), HBV DNA (>2000 IU/mL),
and elevated ALT (> 1 xbut<10x ULN), without advanced
fibrosis [29]. Patients were randomized to receive either
PegIFN alfa-2a or no treatment for 48 weeks HBeAg sero-
conversion rates at 24 weeks post-treatment were signifi-
cantly higher in treated children (25.7% vs. 6%; P=0.0043),
as were the rates of hepatitis B surface antigen (HBsAg)
clearance (8.9% vs. 0%; P=0.03), hepatitis B virus (HBV)
DNA <2000 IU/mL (28.7% vs. 2.0%; P <0.001) or undetect-
able (16.8% vs. 2.0%; P=0.0069), and alanine aminotrans-
ferase (ALT) normalization (51.5% vs. 12%; P <0.001).
Overall, PeglFN alfa-2a treatment was efficacious, well
tolerated, and associated with a higher incidence of HBsAg
clearance than in adults.

The major advantage of interferon treatment is the lack
of resistance and the possibility of off-treatment sustained
virological response, chance of HBsAg loss, and undetect-
able HBV DNA. Like in adults, children can experience
flu-like symptoms with interferon treatment. Body weight
and growth have also been reported to be influenced tran-
siently in children [15]. While it is advantageous to have a
defined treatment course, the three times per week injec-
tion schedule can be more challenging in children. There
are several relative contraindications for its use in patients
with decompensated cirrhosis, hypersplenism, thyroid dis-
ease, autoimmune disease, severe coronary artery disease,
renal transplant status, pregnancy, seizures, psychiatric ill-
ness, thrombocytopenia, leucopenia, retinopathy, and certain
concomitant medication use [13].

Oral Therapies
The oral antiviral therapies currently approved for children
in the USA are lamivudine, adefovir, tenofovir DF, and ente-

cavir. Of these medications, lamivudine and adefovir are no
longer recommended as the first-line therapies. The main
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advantage for the NA over IFN is the once-daily oral dosing
and tolerability. A disadvantage of NAs is it may require
a long-term, potentially life-long therapy, with high long-
term costs and the risk of developing drug resistance [13].
In addition, all NAs carry a black box warning from the US
FDA for lactic acidosis, although this is exceedingly rare in
CHB. NAs are primarily renally excreted, and dose adjust-
ments are necessary with renal functional impairment. The
cost of therapy is also quite variable especially in resource-
poor areas with a higher cost of TDF and entecavir in these
areas. Regardless of oral NA chosen, treatment with oral
antivirals has been studied for 14 years with the main thera-
peutic endpoint in children of HBeAg seroconversion. An
additional 12 months of consolidation therapy (after HBeAg
seroconversion) is recommended, as in adults. Once therapy
is completed, monitoring every 3 months for the 1st year is
recommended for signs of recurrent viremia, ALT eleva-
tions, and decompensation of clinical status.

Lamivudine was the first oral nucleoside analog reverse
transcriptase inhibitor approved in the USA for the treatment
of children younger than 12 years with chronic HBV.

In a RCT which studied lamivudine treatment for
48 weeks in children, patients were found to have a signifi-
cant advantage in 3 of the intermediate endpoints including
ALT normalization (RR 4.5), HBeAg clearance/loss (RR
1.8), and HBV DNA suppression (RR 3.9) but not HBeAg
seroconversion (RR 1.7) or HBsAg clearance (RR 3.5) [30].
In children, resistance to lamivudine was developed in 19%
at 1 year [30] of therapy and 67% after 2 years [31]. For this
reason, lamivudine is not considered the first-line agent and
has been largely replaced by entecavir or tenofovir in clini-
cal practice.

Entecavir is a guanosine nucleoside analog active against
HBYV polymerase. When entecavir was studied in children
for 48 weeks, compared to placebo, treated patients had
higher rates of ALT normalization (RR 2.9), HBV DNA
suppression (RR 14.8), and HBeAg seroconversion (RR 2.4)
[32]. The only statistically significant difference with treat-
ment at 96 weeks was for HBeAg seroconversion. The fre-
quency for entecavir resistance is low due to a high genetic
barrier. Entecavir-resistant variants are seen almost exclu-
sively in lamivudine-experienced patients; when entecavir is
used in that setting, a higher dose (double) is recommended.
Entecavir is approved for children 2 years and older and
dosing is based on body weight for children weighing less
than 30 kg. Entecavir is well tolerated with the only side
effect reported in patients with entecavir is lactic acidosis.
For patients who do not undergo seroconversion, treatment
duration is indefinite. If/when seroconversion is achieved,
the general practice is to continue treatment for 1 year after
seroconversion and/or indefinitely.

Adefovir dipivoxil is a nucleotide analog. In 1 RCT of
pediatric patients treated for 48 weeks, adefovir was found
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to produce a higher rate of ALT normalization (RR 2.7) and
HBV DNA suppression (RR 1.1) but not HBeAg serocon-
version (RR 3, 95% CI 0.9-9.9) when compared to placebo
treatment [33]. When the same cohort of patients was fol-
lowed in an open-label study for 192 weeks, adefovir-treated
patients showed continued viral suppression and ALT nor-
malization [34]. The rate of development of adefovir resist-
ance mutations is lower than those reported for lamivudine.
It has been predicted to be 5% at 12 months and 17% at
24 months in adults [35]. While adefovir is approved for the
treatment of adolescents (=12 years of age) in the USA, it
has less potent antiviral activity than newer agents; there-
fore, its use is no longer recommended.

Tenofovir disoproxil fumarate (TDF) has been shown to
be effective against wild-type and lamivudine-resistant HBV
strains. Tenofovir DF is phosphorylated into the active form
with a long half-life [36]. Like the other NAs, it also func-
tions as a chain terminator but also is a poor substrate for
cellular DNA polymerase [37]. Tenofovir DF is well toler-
ated with a similar safety profile to adefovir, but is more
potent. Long-term studies of TDF in adults have not reported
detectable resistance [38]. When TDF treatment was studied
in an adolescent RCT for 72 weeks, in comparison to the
placebo, there were higher rates of ALT normalization (RR
2) and HBV DNA suppression (RR 92.4) but no difference
in the rate of HBeAg clearance/loss (RR 1.4) [39]. In a study
of 89 children, 2 years to < 12 years old treated for 48 weeks,
there was HBV DNA suppression in 77% of treated subjects
when compared to 7% placebo [40].

Tenofovir disoproxil fumarate (TDF) is currently
approved for children > 2 years and weight> 10 kg. TDF
has been reported to cause renal dysfunction, hypophos-
phatemia, and Fanconi syndrome (glycosuria, hypophos-
phatemia, metabolic acidosis) and the associated reduced
bone density and osteomalacia/osteoporosis [41]. The
AASLD practice guidelines recommend that patients on
TDF should be assessed for renal safety with serum creati-
nine, phosphorus, urine glucose, and urine protein before
treatment initiation and at least annually or more frequently
during treatment [11, 14]. There is insufficient evidence to
recommend monitoring of bone mineral density for pediatric
patients on TDF, as the long-term effects on children’s bone
health is yet unknown.

Tenofovir alafenamide (TAF) is a nucleotide reverse tran-
scriptase inhibitor and has the same mechanism of action as
TDF. TAF is the more stable prodrug than TDF which leads
to decreased plasma exposure to tenofovir and therefore
reduces the risk of long-term TDF toxicities like nephro-
toxicity and decreased bone mineral density. In November
2016, the FDA-approved tenofovir alafenamide (TAF), the
prodrug of TDF, for use in adults with chronic HBV. It is
reported to have similar efficacy but with greater plasma
stability. Thus, the effective dose of TAF is much lower

than TDF, resulting in lower rates of renal and bone adverse
effects. Like other NAs, TAF also carries a black box warn-
ing for lactic acidosis, but also carries an additional warning
for hepatomegaly with steatosis. The 2017 EASL clinical
practice guidelines do include TAF in the recommendations
for children, though no specific details on specific dosing or
age groups were included [15]. In 2018, the European Medi-
cines Agency approved the use of TAF for children aged
12 years and older who weigh more than 35 kg. Meanwhile,
in the USA, the TAF trial (NCT02932150) is studying 25 mg
once daily vs. placebo—a randomized, placebo-controlled
trial in treatment-naive and treatment-experienced adoles-
cents aged 12 to< 18.

Monitoring

Patients and their caregivers should be counseled on the
indications, possible benefits, and side effects of treatment.
Practitioners should also assess their understanding of the
need and willingness for long-term treatment and regular
monitoring. In addition to immunizations for hepatitis A,
patients should receive counseling regarding the risk of
transmission to others, including the risk of environmental
transmission. Household members should not share tooth-
brushes or razors, which can be contaminated with blood.
However, there is no definitive evidence of HBV transmis-
sion from body fluids [12]. So, children with HBV infection
should be allowed to participate in regular school, childcare,
and sports activities without special arrangements other than
following universal precautions [42]. Adolescents should
also be counseled to prevent sexual transmission and avoid
alcohol.

In all phases of HBV infection, children should undergo
regular laboratory surveillance. While in the immune tol-
erance phase, they should have liver biochemical tests
(ALT) every 6—12 months and HBeAg and HBeAb every
12 months. Hepatitis B DNA level is likely to be elevated
and does not require regular monitoring during this phase.

For patients who are in the immune active phase, liver
tests and serologies should be checked more frequently
(3—6 months) to monitor for natural seroconversion. If sero-
conversion does not occur, then the patient can be consid-
ered for treatment. Liver biopsy is indicated for patients
in the immune-active phase who are being considered for
treatment or in patients with signs of advanced liver dis-
ease. For patients who are in the inactive chronic HBV phase
(HBsAg-positive, HBeAg-negative, HBeAb positive, persis-
tently normal ALT levels, and serum HBV DNA < 10° cop-
ies/mL), serum ALT should be checked every 6—12 months
and HBeAg and HBeAb every 12 months. If the ALT is
elevated, then the HBV DNA levels and HBV serologies
should be rechecked to see if the disease is reactivating. The
infection may reactivate even after years of quiescence; 4 to
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20% of inactive “carriers” have one or more reversions back
to HBeAg, and approximately 20-25% will develop HBeAg-
negative chronic HBV [12].

For all patients with chronic HBV infection, HCC sur-
veillance is warranted as HCC can develop regardless of
active viral replication. We maintain surveillance of HCC in
patients of all phases of HBV infection even though HCC is
rare in children. This includes serial abdominal ultrasound
and/or alpha-fetoprotein (AFP) levels, although data regard-
ing optimal frequency and sensitivity are lacking in young
patients. As HCC risk increases with age, young children are
monitored less frequently (every 2-3 years), if the first AFP
and ultrasound are normal.

Summary

Though most children with chronic hepatitis B infection
typically do not develop advanced liver disease, complica-
tions such as HCC and cirrhosis are reported in childhood.
Therapeutic trials in children show improvement in inter-
mediate outcomes including ALT normalization, HBeAg
loss, HBV DNA suppression, HBeAg seroconversion, and
HBsAg loss when compared to no treatment or placebo.
Unfortunately, the RCT evidence in children is limited due to
a small number of studies, short duration of follow-up, and
minimal data on significant outcomes—cirrhosis and HCC.
Since cirrhosis and HCC development in childhood is rare,
RCT in children uses intermediate outcomes (HBeAg sero-
conversion and viral suppression) to inform clinical deci-
sions when treating children. Like in adults, the currently
approved therapies for children are well tolerated. Care must
be taken to determine the best regimens in order to minimize
the development of resistance and side effects. Caregiver and
patient preferences and capabilities must also be considered
when decided the appropriate therapy and treatment course.
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