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Hepatitis B virus infection in children and adolescents
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Hepatitis B virus (HBV) infection is a major cause of acute and chronic liver disease and associated morbidity and
mortality worldwide. Vertical (mother-to-child) and horizontal early childhood transmission are the main routes of
HBV transmission and are responsible for most chronic infections, including among adults who bear the greatest
burden of morbidity and mortality. Universal hepatitis B immunisation at birth and in infancy is the key strategy for
global elimination of HBV infection, and has been highly effective in reducing new vertical infections. However,
global progress in scale-up of HBV testing and treatment has been slow in adults and children. In this Series paper,
we summarise knowledge on the epidemiology, natural history, and treatment of chronic HBV infection in adolescents
and children, and we highlight key differences from HBV infection in adults. The estimated global prevalence of
HBYV infection in children aged 5 years or younger is 1- 3%. Most children are in the high-replication, low-inflammation
phase of infection, with normal or only slightly raised aminotransferases; cirrhosis and hepatocellular carcinoma are
rare. Although entecavir is approved and recommended for children aged 2-17 years, and tenofovir for those aged
12-18 years, a conservative approach to treatment initiation in children is recommended. Key actions to address
current policy gaps include: validation of non-invasive tests for liver disease staging; additional immunopathogenesis
studies in children with HBV infection; long-term follow-up of children on nucleoside or nucleotide analogue
regimens to inform guidance on when to start treatment; evaluation of different treatment strategies for children with
high rates of HBV replication; and establishment of paediatric treatment registries and international consortia to

promote collaborative research.

Introduction
Hepatitis B virus (HBV) is a major cause of acute and
chronic liver disease and associated morbidity and
mortality worldwide."* Globally, WHO estimates that
HBYV caused chronic infection in 257 million people and
887000 deaths in 2015.> Annually, there are almost
2 million new infections in children younger than
5 years, mostly through mother-to-child transmission,
and horizontal transmission in early life.>* In 2016,
recognising the public health burden of hepatitis and
opportunities for action, WHO launched the Global
Health Sector Strategy on Hepatitis 2016-21. The strategy
aims to eliminate hepatitis B as a public health threat by
2030, which is defined as a 90% reduction in the
incidence of chronic infections (assessed by reduced
prevalence among children aged 5 years) and a
65% reduction in liverrelated deaths. The strategy
established coverage targets for preventive interventions
(three or more doses of vaccination for 90% of infants,
and birth-dose vaccination for at least 90% of neonates
within 24 h of birth), diagnosis (diagnosis of 90% of
people infected with HBV), and treatment (antiviral
treatment of 80% of people who are diagnosed and
eligible for treatment).®

Considerable progress has been made towards
achieving elimination of HBV through universal infant
hepatitis B immunisation, which has been highly
effective in reducing new infections in children’” By
contrast, the focus of global efforts to combat hepatitis in
adults has been on reducing morbidity and mortality due
to chronic liver disease, through scale-up of testing, case

finding and long-term antiviral treatment with tenofovir®
or entecavir’ to suppress viral replication. However,
access to affordable HBV testing and treatment remains
poor in low-income and middle-income countries. In
2015, only 9% of people with chronic hepatitis B
infection, or 22 million people, were estimated to have
been diagnosed globally, and of those, around 8%
(ie, 1-7 million people) were receiving treatment,’
although it is recognised that only a proportion of those
infected will require treatment.

Compared with adults, little attention has been given to
testing and treatment strategies for chronic HBV
infection among children and adolescents, partly because
most patients are in the immunotolerant phase of
infection and do not require treatment, but also because
of the absence of evidence from low-income settings with
high HBV prevalence to inform paediatric-specific
management practices. For example, although there have
been seven moderately large (>90 patients enrolled) and
long-term (>10 years of follow-up) prospective studies on
the natural history of HBV infection in children, these
studies have mainly been from high-income countries."”
Similarly, only one trial on the safety and efficacy of
tenofovir disoproxil fumarate for adolescents (aged
=12 years),® and one trial on entecavir for children
(>2 years), have been completed.” The aim of this Series
paper is to provide an overview of the epidemiology,
natural history, and treatment of chronic HBV infection
in children and adolescents, and to highlight key
differences and similarities when compared with
infection acquired in adulthood. We conclude with key
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priorities for action, which include promoting the scale-
up of testing and treatment, and addressing important
evidence gaps to inform future policy development.

Seroprevalence and burden

Whereas HBsAg prevalence among adults generally
reflects historical exposure and prevalence of HBV
infection, HBsAg prevalence among children aged
5 years and younger largely reflects the extent of infant
and birth-dose HBV vaccination. Global estimates of
HBYV prevalence (as measured by detection of HBsAg),
burden, morbidity, and mortality are largely based on
data from the adult population.'*** Overall, WHO
estimates that 257 million people were HBsAg-positive
in 2015 (3-5% of the global population),” which is
broadly consistent with the Polaris Observatory
collaborators’ modelled estimate of 291 million
(95% uncertainty interval 252-341 million), cor-
responding to a global prevalence of 3-9%.° More than
half of people who are infected with HBV reside in areas
of high and intermediate HBV endemicity."”* The
countries with the highest prevalence (>6%) are in the
WHO African and Western Pacific Regions, and the
countries with the lowest prevalence are in the Region
of the Americas and the European Region.’ In 2015,
WHO estimated that the global HBsAg prevalence in
children younger than 5 years was approximately 1-3%,?
compared with a prevalence of approximately 4-7%
before the widespread adoption of universal infant
vaccination (from the 1980s to the early 2000s).”
According to a report from the Polaris Observatory,’
there were approximately 1-8 million (95% uncertainty
interval 1-6-2-2 million) new infections in children
globally in 2016. 16 countries account for more than
80% of new infections, and Nigeria, India, Indonesia,
and the Democratic Republic of the Congo account for
almost 57% of new infections.® The geographical
distribution of HBV infection, and the most affected
regions, are similar for children and adults. The highest
prevalence in children and adults is in the WHO African
Region, which also had the lowest coverage of timely
birth-dose vaccination within 24 h of birth (10%) of all
regions globally. The lowest prevalence among children
aged 5 years or younger (<0-1%) was in the Americas,
which also had a low prevalence even before widespread
vaccination was implemented.’ In western Europe and
North America, it is rare for people younger than
18 years to be HBsAg-positive."” However, an increasing
number of children with HBV infection are migrating
to Europe and North America from countries with
higher prevalence.* Data for the prevalence of HBV in
adolescents are scarce, and the annual mortality in
adolescents and children is unknown.

Routes of transmission
Most chronic HBV infections in adults have been
acquired through mother-to-child transmission at birth

or during early childhood, especially in high-prevalence
settings.””? The main routes of acquisition of new adult
infections are through unsafe injections, sexual trans-
mission among men who have sex with men, or sex with
multiple sexual partners.'”

Mother-to-child transmission accounts for most HBV
infections in children, both in high-endemicity countries
(HBsAg seroprevalence >8%) where the implementation
of infant vaccination (especially birth-dose vaccination)
has been suboptimal, as well as in low-endemicity
countries. However, intrauterine infections and vaccine
or immune-prophylaxis regimen failures could also
account for some new infections as infant vaccination
coverage improves.*** Up to a third of incident HBV
infections could be due to horizontal transmission in
early childhood, in the form of child-to-child, household,
or intrafamilial transmission, especially in sub-Saharan
Africa and among unvaccinated children who migrate to
Europe.””” Transmission can also result from poor
infection control and injection safety during medical,
surgical, and dental procedures,” and traditional
practices (such as scarification or circumcision).”

Natural history of HBV infection

HBV causes both acute and chronic infection that can
range from asymptomatic infection or mild disease to
severe or fulminant hepatitis. The key determinant of
chronic infection is the age of infection. Chronic
infection occurs in 90% of infected neonates and infants
but in less than 5% of patients who acquire infection in
adulthood.”* Infections are usually asymptomatic and
anicteric in children who are infected vertically,*** but
acute infection is sometimes associated with severe
symptoms and fulminant hepatitis in both adults® and
children.” Chronic infection can lead to progressive liver
disease and development of complications, such as
cirrhosis and hepatocellular carcinoma (mainly in adult-
hood),” and extrahepatic manifestations (that can also
present in infancy and early childhood).*

The natural history of chronic HBV infection is
dynamic and complex, progressing non-linearly through
several recognisable phases of variable duration.”?*
Disease progression depends on a complex interplay
between the virus and the immune system. The terms
immune-tolerant, immune-active, immune-control, and
immune-escape have been used to describe the different
phases of infection, but it has been increasingly
recognised that these descriptions are not supported by
immunological data and do not always relate directly to
indications for antiviral therapy. New nomenclature has
been adopted by the European Association for the Study
of the Liver (EASL; appendix p 1), based on the
characterisation of infection as either with or without
active hepatitis (defined as raised or normal alanine
aminotransferase concentrations, respectively) and on
HBeAg status. However, this new nomenclature has not
yet been adopted by other professional societies,
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including the American Association for the Study of
Liver Disease (AASLD).*

Hepatitis B infection acquired in adulthood is usually
an acute and symptomatic infection that is self-resolving,
and rarely leads to chronic infection®” or related
complications. Based on several large, prospective,
population-based studies,”* the 5-year cumulative
incidence of cirrhosis in adults with chronic infection is
8-20%,”#% and of hepatic decompensation and
hepatocellular carcinoma among patients with cirrhosis
is 20%” and 2-5%," respectively. In adults, chronic HBV
infection is also associated with the development of
HBV-related kidney disease, mainly glomerulonephritis.*

The natural history and phases of HBV infection in
children have been less well delineated. Seven large
(>90 children enrolled) and long-term (>10 years of
follow-up) prospective studies have been done on the
natural history of HBV infection in children,"" as well as
some smaller prospective and retrospective studies
(appendix pp 3-5).“** When HBYV infection is acquired
perinatally or in early childhood, it is likely to lead to
chronic infection.**** The main characteristic of HBV
infection that is acquired perinatally or during early
childhood is a high-replication, low-inflammation phase
that can last several decades, in which HBsAg and
HBeAg are detectable in the serum, serum HBV DNA
concentrations are high, and serum aminotransferase
concentrations are normal or only slightly increased.
Previously, chronic HBV infection in patients who
acquired HBV infection perinatally or during early
childhood was thought to be characterised by a state of
immunological tolerance. In a 29-year longitudinal study
from Italy, 89 of 91 HBeAg-positive children underwent
HBeAg seroconversion to anti-HBe, and the median age
of onset of the HBeAg-positive, immune-active phase
after perinatal infection was 30 years.” The immuno-
pathogenesis of chronic infection and the resulting
immunotolerance in infants and children is still poorly
understood,****** and the concept of immunotolerance
is being challenged.” Recent studies have suggested that
adolescents might harbour functionally active HBV-
specific T cells and that antigen-specific immune re-
sponses exist in so-called immune-tolerant people.”

In longitudinal prospective®® and retrospective”
studies, cirrhosis has been reported in 1-5% of HBeAg-
positive children.**" Risk factors for cirrhosis are
earlier HBeAg seroconversion (ie, at <3 years of age,
consistent with severe necroinflammatory activity), and
longer duration of the immune-active phase.”" HBV
genotype C infection is associated with delayed
spontaneous seroconversion.”® Although chronic HBV
infection accounts for most cases of hepatocellular
carcinoma, the absolute risk of developing hepatocellular
carcinoma in childhood is very low. In a prospective
study of 426 children with chronic HBV infection from
Taiwan, only two boys (<1%) developed hepatocellular
carcinoma in childhood, or an incidence of 32 per

100000 person-years,” and two (2%) of 91 Italian
children enrolled in a 29-year longitudinal study
developed hepatocellular carcinoma during childhood.”
By contrast, in some parts of Africa and the Amazon
Basin, the incidence of hepatocellular carcinoma in
infected children and young men is much higher.*®
Aflatoxin exposure® and HBV genotype might
contribute to this increased risk.***¢ The effect of
viral genotype on the risk of developing hepatocellular
carcinoma in children and adolescents is still to be
defined, although genotype B is associated with an
increased risk of hepatocellular carcinoma.® Chronic
HBYV infection is also associated with the development
of kidney disease in children.*

Prevention of vertical transmission

In the absence of any preventative interventions, the risk
of perinatal vertical transmission was found to range
from 70% to 90% for HBeAg-positive mothers and from
10% to 40% for HBeAg-negative mothers in Asia,”
whereas the risk was found to be substantially lower in
Africa.” The most important strategy for control of the
HBV epidemic and prevention of HBV infection in
children is the administration of HBV vaccine within
24 h of birth, followed by at least two more doses of
vaccine within 6-12 months. This regimen is 90-95%
effective in preventing infection.®*” A dose of hepatitis B
immunoglobulin (HBIG) given at birth to infants of
mothers who are highly infectious can further reduce the
risk of transmission to less than 5%."” The global
coverage for the three-dose series of HBV vaccine in
infancy in 2016 was estimated to be 84% (compared with
1% in 1990), and birth-dose coverage was estimated to be
39%.” This strategy, with some variation in implem-
entation, has reduced HBsAg prevalence by 83-95%
among children in China and Egypt.®””*”* HBV
immunisation of infants also greatly reduces the
incidence of hepatocellular carcinoma later in life.

After treatment with a combination of HBV
vaccination and HBIG, vertical transmission can still
occur in 2-10% of HBeAg-positive or highly viraemic
mothers.? This could be due to transplacental
or intrauterine infection or failure of the vaccine
and immune-prophylaxis regimen.””” HBeAg-positive
mothers and mothers with high circulating concen-
trations of HBV DNA (>106 IU/mL) have the highest
risk of transmission.”*”® Several trials have shown that
the use of nucleoside or nucleotide analogues, such as
lamivudine, telbivudine, or tenofovir,”* during the
third trimester of pregnancy in highly viraemic, HBeAg-
positive mothers, in combination with standard infant
immune-prophylaxis, is effective in further reducing
the vertical transmission of HBV.”* In 2018, a large,
placebo-controlled trial of maternal tenofovir given to
HBeAg-positive pregnant women in the last trimester
in Thailand, plus birth-dose vaccination and HBIG,
did not find a significantly lower mother-to-child
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Adults

Children

American Association for the
Study of Liver Diseases*

European Association for the
Study of the Liver®

WHO*»

Asian Pacific Association for
the Study of the Liver®

European Society for
Paediatric Gastroenterology,
Hepatology and Nutrition”

Patients who meet the criteria in the table are recommended to receive treatment. ALT=alanine aminotransferase. HBV=hepatitis B virus. ULN=upper limit of normal. APRI=aspartate aminotransferase-to-platelet

ratio index. NA=not applicable.

Elevation of ALT more than two times ULN (30 U/L for men and 19 U/L for women)
or evidence of substantial histological disease, plus HBY DNA >2000 IU/mL
(HBeAg-negative) or >20 000 IU/mL (HBeAg-positive)

Adults >40 years old with normal ALT, elevated HBV DNA (>1000 000 IU/mL), and
liver biopsy showing substantial necroinflammation or fibrosis

Adults with compensated cirrhosis and low viraemia (<2000 1U/mL)

HBsAg-positive adults with decompensated cirrhosis regardless of HBY DNA
concentration, HBeAg status, or ALT concentration (these patients should be treated
with antiviral therapy indefinitely)

HBsAg-positive pregnant women with HBY DNA >200 000 IU/mL

HBV DNA concentration >2000 IU/mL and one or both of: ALT higher than ULN,
and at least moderate liver necroinflammation or fibrosis

Patients with compensated or decompensated cirrhosis and detectable HBV DNA,
independent of ALT concentration; HBV DNA >20 000 IU/mL and ALT more than
two times ULN, regardless of the degree of fibrosis

Patients >30 years of age with HBeAg-positive chronic HBV infection (normal ALT
and high HBV DNA), regardless of the severity of liver histology

Patients with HBeAg-positive or HBeAg-negative chronic HBV infection, a family
history of hepatocellular carcinoma or cirrhosis, and extrahepatic manifestations

All adults with clinical evidence of compensated or decompensated cirrhosis (or
APRI score >2 in adults), regardless of ALT concentration, HBeAg status, or HBV
DNA concentration

Adults >30 years old without clinical evidence of cirrhosis (or APRI score <2 in
adults) but with persistently abnormal ALT concentration and (if available)
evidence of high HBV replication (HBV DNA >20 000 IU/mL), regardless of HBeAg
status

Decompensated cirrhosis, and detectable HBV DNA or severe reactivation
(decompensation) of chronic infection; compensated cirrhosis and HBV DNA
>2000 IU/mL

Persistently elevated (=1 month between observations) ALT concentration more
than two times ULN and HBV DNA >20 000 IU/mL if HBeAg-positive or

>2000 IU/mL if HBeAg-negative (liver biopsy or a non-invasive method to estimate
the extent of fibrosis might provide further useful information); pronounced
fibrosis, and normal or slightly elevated ALT concentration or HBV DNA

<20000 IU/mL if HBeAg-positive or <2000 IU/mL if HBeAg-negative

NA

HBeAg-positive children (aged 2-17 years) with elevated ALT and
measurable HBV DNA concentrations

A conservative approach is warranted

All adolescents and children with clinical evidence of compensated or
decompensated cirrhosis, regardless of ALT concentration, HBeAg status,
or HBV DNA concentration

Children with cirrhosis (compensated or decompensated)

Children with severe reactivation of chronic HBV (detectable HBV DNA and
elevated ALT)

Non-cirrhotic, HBeAg-positive chronic HBV infection, HBV DNA

>20000 IU/mL, and ALT more than two times ULN for >12 months
Non-cirrhotic, HBeAg-positive chronic HBV infection and either HBV DNA
>20000 IU/mL and ALT more than two times ULN for more than

12 months, or a family history of hepatocellular carcinoma or cirrhosis and
moderate-to-severe inflammation or pronounced fibrosis

Non-cirrhotic, HBeAg-positive chronic HBV infection, HBV DNA

<20000 IU/mL, and moderate to severe inflammation or pronounced fibrosis
Non-cirrhotic, HBeAg-negative chronic HBV infection, HBV DNA

>2000 IU/mL, and ALT more than two times ULN

Non-cirrhotic, HBeAg-negative chronic HBV infection and moderate to
severe inflammation or pronounced fibrosis, regardless of HBY DNA
concentration

Elevated serum ALT for 26 months if HBeAg-positive (or 212 months if
HBeAg-negative), HBV DNA >2000 IU/mL, and either moderate
necroinflammation or fibrosis, or mild inflammation or fibrosis with a
family history of hepatocellular carcinoma

Table 1: Comparison of recommendations and indications for treatment of chronic HBV infection in adults, adolescents, and children from five professional societies or international

organisations

transmission rate beyond the low rate already achieved
in the comparison group that was given infant HBIG
and HBYV vaccination initiated at birth.” Tenofovir is the
recommended nucleotide analogue for prophylaxis in
pregnancy, and can be stopped 1-3 months post-delivery,
if it is prescribed only to prevent perinatal
transmission.”® The WHO Regional Office for the
Western Pacific® and the Pan American Health
Organization® have established strategies for triple
elimination of mother-to-child transmission of HIV,
hepatitis B (goal of <0-1% prevalence of HBsAg among
children <5 years by 2030), and syphilis, which will be

implemented through integration of the interventions
provided by maternal, neonatal, and child health
services.**

Diagnosis and monitoring

HBV infection in adults, adolescents, and children
(>12 months)*® is diagnosed by detection of HBsAg in the
serum with a serological assay (either a rapid diagnostic
test or a laboratory-based immunoassay) that meets
minimum quality, safety, and performance standards, in
terms of both analytical and clinical sensitivity and
specificity.”” The HBsAg assay might also be repeated at
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least 6 months after the first positive test to confirm
chronic HBV infection. Testing of exposed infants in the
first 6 months of life is problematic, because HBsAg and
HBV DNA can be transiently present at birth or in the
first few months of life and might not reflect chronic
HBV infection.* Exposed infants should be tested for
HBsAg at 6-12 months of age to reduce the risk of false-
positive results.®**

It is estimated that between 5% (from a community-
based study in Africa)® and 40% (from hospital-based
studies) of all HBsAg-positive adults might require
treatment for HBV, dependent on stage of liver disease and
fibrosis, levels of HBV DNA replication, and alanine
aminotranferase concentrations to indicate the extent of
liver inflammation. An assessment of these factors is
needed to guide further management and to decide
whether treatment is required.” Non-invasive tests, such
as transient elastography, wultrasound shear wave
elastography, or serum biomarker-based tests (eg, aspartate
aminotransferase-to-platelet ratio index, Fibrosis 4, and
FibroTest scores) have been validated for staging of liver
fibrosis and diagnosis of cirrhosis in adults,** and have
replaced the use of invasive liver biopsy.”**

By contrast with adults, in children, liver biopsy is still
considered the standard test to assess the degree of liver
inflammation, the stage of fibrosis, and indication for
treatment.”*? Although the procedure is invasive, it is
associated with a low risk of complications when done by
trained operators.” The diagnostic and prognostic value
of transient elastography in adolescents and children
with chronic HBV infection is not yet well established.*
Transient elastography has been evaluated in 140 children
with chronic viral hepatitis across five studies,”* but a
formal comparison with liver biopsy results was only
available in a subset of 58 children. In this subset,
transient elastography was reliable in distinguishing
different stages of liver fibrosis in patients with HBV and
hepatitis C virus infection. There is a need to validate
other non-invasive diagnostic tests for children and
adolescents, because of the major challenges of doing
liver biopsies in resource-limited, non-specialist settings.

Before, during, and after antiviral treatment, monitoring
is required for both adults and children with chronic HBV
infection. The frequency of monitoring will depend on the
stage of liver fibrosis, the patient’s serological profile
(HBeAg-positive or HBeAg-negative), and concentrations
of alanine aminotransferase and HBV DNA. However, the
evidence base is small and the optimal schedule for
monitoring is not well established. Recommendations on
the monitoring of HBV infection in adults and children
according to guidelines from different organisations are
summarised in the appendix (pp 7-9).

Guidelines from the European Society of Paediatric
Gastroenterology, Hepatology and Nutrition (ESPGHAN)
provide specific guidance for monitoring of children with
chronic HBV infection.” More frequent monitoring is
proposed for children than for adults, with monitoring of

alanine aminotransferase and HBV DNA concentrations
every 3—4 months for at least 1 year in HBeAg-positive
children with an increased alanine aminotransferase
concentration, to evaluate the indication for treatment. In
HBeAg-negative children, the same monitoring schedule
is recommended to rule out HBeAg-negative active
disease.” For HBeAg-positive children with normal
alanine aminotransferase concentrations, monitoring
every 6 months is recommended.” For children receiving
treatment, there are no specific recommendations, and
the frequency of monitoring for safety, adherence, and
efficacy should be determined on an individual basis.”

Treatment for chronic HBV infection

The common goals of antiviral treatment for adults,
adolescents, and children with chronic HBV infection are
to decrease the risk of disease progression to cirrhosis and
hepatocellular carcinoma through effective and sustained
suppression of HBV replication.””#¥ With use of
available nucleoside or nucleotide analogue therapies,
HBsAg loss and seroconversion to anti-HBs is achieved in
less than 1% of adults and in 1-6% of children,” although
the longer the duration of treatment, the higher the rate of
HBsAg seroconversion.” New HBV curative combination
treatment strategies aimed at eliminating all replicative
intermediates, including covalently closed circular DNA
in the nucleus, are being researched,”" with the potential
to transform future indications for treatment. A com-
bination of antiviral and immune-modulatory therapies
will probably be needed to achieve a functional cure for
HBY, characterised by sustained loss of HBsAg with or
without HBs antibody seroconversion. "

Treatment guidelines for the management of chronic
HBV infection in adults are available from three
professional organisations (EASL, AASLD, and the Asian
Pacific Association for the Study of the Liver [APASL))
and WHO.?** Guidelines for children are available
from ESPGHAN and AASLD.”¥ Across all guidelines,
the decision to start treatment is based on a combined
assessment of stage of liver disease, HBV DNA and
alanine aminotransferase concentrations, and HBeAg
status, as well as other considerations, such as a family
history of hepatocellular carcinoma and co-incidence of
HIV infection or other liver disease.?***¥ The possible
benefits of treatment need to be evaluated against the
disadvantages of initiating long-term antiviral therapy in
children and the likely natural history of progression in
the absence of treatment.”

Table 1 summarises the main similarities and
differences between recommendations for adults and
children from professional societies*# and WHO.” By
contrast with adults, little evidence is available to guide
recommendations on the optimal timing and indications
for treatment in adolescents and children. Regardless of
age, all guidelines recommend treatment for patients
with cirrhosis, as well as for patients with active hepatitis
(ie, HBeAg-positive or HBeAg-negative with elevated
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Ages for which drug is Doses Formulations Number of randomised
approved controlled trials on effects of
treatment
Interferon alfa-2b >1year 6 million IU/m? three times a Subcutaneous injection 8
week
Peginterferon alfa-2a >3 years 180 pg/1:73 m? once a week Subcutaneous injection 1
Peginterferon alfa-2b Not approved NA NA 0
Lamivudine >3 years 3 mg/kg daily (maximum Oral solution (5 mg/mL) or 1
100 mg) tablets (100 mg)
Entecavir 22 years 10-30 kg: 0-015 mg/kg daily Oral solution (0-05 mg/mL) 1
(maximum 0-5 mg); >30 kg: ortablets (0-5 mg and 1 mg)
0-5 mg daily
Adefovir =12 years 10 mg daily Tablets (10 mg) 1
Tenofovir disoproxil fumarate =2 years* 300 mg daily Oral powder (40 mgper1g)  1;an additional paediatric trial
Tablets (150 mg, 200 mg, (2-17 years) is ongoing
250 mg, and 300 mg) (NCT01651403)
Tenofovir alafenamide =12 years 25 mg daily Tablets (25 mg) 01; a paediatric trial (2-17 years)
is ongoing (NCT02932150)
Telbivudine Not approved NA NA 0; a paediatric trial is ongoing
(NCT02058108)
*Approved for 22 years by the European Medicines Agency (January, 2019), and 212 years by the US Food and Drug Administration. tData are available for children with HIV
infection. NA=not applicable.
Table 2: Antiviral drugs that are approved for adults, adolescents, and children with chronic hepatitis B virus infection

aminotransferases and HBV DNA concentrations, and
histological ~evidence of necroinflammation and
fibrosis).?** AASLD guidelines recommend treatment
for HBeAg-positive adolescents and children with both
elevated alanine aminotransferase and measurable HBV
DNA concentrations,” but do not specify the duration of
alanine aminotransferase elevation (although most
studies were based on patients with an alanine amino-
transferase elevation of more than 1-3 times the upper
limit of normal for =6 months). By contrast, guidelines
from ESPGHAN recommend treatment if the patient
has persistent alanine aminotransferase elevation for at
least 6 months in HBeAg-positive adolescents and
children, or for at least 12 months in HBeAg-negative
adolescents and children, together with liver biopsy
results showing moderate-to-severe inflammation and
fibrosis.” APASL guidelines recommend treatment in
HBeAg-positive adolescents and children if the HBV
DNA concentration is higher than 20000 IU/mL and
alanine aminotransferase is more than twice the upper
limit of normal for more than 12 months, and in HBeAg-
negative hepatitis (with alanine aminotransferase more
than twice the upper limit of normal) when HBV DNA is
more than 2000 IU/mL.* A family history of hepato-
cellular carcinoma is an additional factor to support
treatment initiation in both the ESPGHAN and APASL
guidelines.”” The AASLD guidelines recommend
deferral of therapy when the HBV DNA concentration is
less than 104 IU/mL, until spontaneous HBeAg
seroconversion is excluded.” There might be a lower
probability of conversion to HBeAg-negative chronic
HBYV infection if HBeAg seroconversion occurs before
the age of 18 years.” Compared with adults, only a small

proportion of children meet the criteria of raised alanine
aminotransferase concentration (appendix p 3-5). In
particular, most children in China and Japan are HBeAg-
positive with normal or only slightly raised alanine
aminotransferase concentrations, and minimal necro-
inflammation and fibrosis.®*® Therefore, for both
HBeAg-positive children and young adults with normal
alanine aminotransferase concentrations, a conservative
approach to initiation of treatment is generally recom-
mended, because these patients are unlikely to respond
to interferon alfa, or will require decades of nucleoside
analogue treatment. However, it is recognised that the
disease process is already underway in adolescents
infected at birth or in early childhood, therefore these
recommendations remain under review.”*-*# For both
adults and children, treatment is recommended for
patients with fulminant or severe acute hepatitis B
infection, HBsAg-positive patients undergoing immuno-
suppression or chemotherapy, HBsAg-positive patients
who are about to have a liver transplant, and patients
receiving grafts from anti-HBc-positive donors.?**¥

Antiviral treatment

Over the past three decades, treatment outcomes for
chronic HBV infection have improved because available
medicines have evolved. In addition to interferon alfa
and peginterferon alfa, nucleoside or nucleotide
analogues with low (lamivudine, adefovir, and
telbivudine) and high (tenofovir and entecavir) genetic
barriers to resistance have been developed (table 2)."*"*
Nucleoside and nucleotide analogues are potent HBV
inhibitors that are used as long-term oral treatments to
suppress viral replication, or as treatments of finite
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duration (with or without interferon) to obtain a
sustained off-treatment virological response.?**# In
adults, once treatment with nucleoside or nucleotide
analogues has been commenced, it is generally lifelong,
because HBeAg seroconversion or HBsAg loss are rare,
and virological relapse is common upon withdrawal of
treatment.”*** However, trials with a finite duration of
treatment are also now being done."™

Interferon alfa and peginterferon alfa act as immune
modulators and can be administered for a predefined
duration, with the aim of inducing immune-mediated
control of HBV infection and achieving long-lasting
suppression of viral replication off treatment.?**#
Interferon therapy might be associated with higher rates
of HBsAg loss when compared with nucleoside or
nucleotide analogues.” However, interferon therapy
cannot be given to infants or pregnant women because of
its toxicity profile, and it is contraindicated in people with
autoimmune conditions, decompensated cirrhosis, un-
controlled psychiatric disease, severe cytopenia, severe
cardiac disease, or uncontrolled seizures.

EASL, AASLD, and WHO recommend tenofovir
(tenofovir disoproxil fumarate or tenofovir alafenamide) or
entecavir as preferred initial therapies for adults, because
of the high genetic barrier and therefore very low risk of
resistance associated with use of these drugs.”* APASL,
EASL, and AASLD also recommend that interferon alfa is
considered as a therapeutic option.”* Interferon is not
included in WHO guidelines® because its use in resource-
limited settings is often not feasible as a result of its high
cost, requirement for injection, and high rate of adverse
effects that require careful monitoring.

Interferon, entecavir, and tenofovir disoproxil
fumarate are recommended for treatment of chronic
HBV infection in children by ESPGHAN, AASLD, and
APASL.?#% Entecavir is recommended for children
aged 2-12 years in WHO guidelines.” The US Food and
Drug Administration and the European Medicines
Agency have approved tenofovir disoproxil fumarate
and adefovir for children aged 12 years and older,
entecavir for children aged 2 years and older, and
lamivudine for children aged 3 years and older. The
European Medicines Agency also approved the use of
tenofovir alafenamide for children aged 12 years and
older and weighing more than 35 kg in 2018, and the
use of tenofovir disoproxil fumarate for children aged
2-11 years in January, 2019. Interferon alfa is approved
by the US Food and Drug Administration and the
European Medicines Agency for use in children aged
1 year and older. In September, 2017, peginterferon
alfa-2b was approved by the European Medicines
Agency for use in children older than 2 years. The
advantages of interferon and peginterferon for use in
children, as compared with nucleoside and nucleotide
analogues, are the absence of viral resistance and the
predictable finite duration of treatment.”* However, the
use of interferon and peginterferon is difficult for

children because it requires subcutaneous injections
(three times a week for interferon or once a week for
peginterferon) and is associated with a high risk of
adverse events.®** AASLD guidelines suggest that the
use of peginterferon alfa-2a should be considered for
children older than 5 years with chronic HBV, because it
has the advantage of once-weekly administration, as
compared with three times a week for interferon alfa.”!

Interferon alfa-2b, peginterferon alfa-2a, lamivudine,
adefovir, tenofovir disoproxil fumarate, and entecavir were
approved for treatment of children and adolescents with
chronic HBV infection on the basis of six randomised
placebo-controlled trials (appendix p 6),*™ and
tenofovir alafenamide was approved on the basis of
studies of its use in HIV infection. A good treatment
response (defined by the reduction of serum HBV DNA
to undetectable concentrations, and by the loss of serum
HBeAg, the normalisation of aminotransferases, or both)
was associated with higher baseline histology activity
index score, increased baseline aminotransferase concen-
trations, and lower baseline HBV DNA concen-
trathTlS . 18,19,108-110

Knowledge gaps, research agendas, and future
strategies

If adolescents and children are to benefit equally from the
global scale-up of testing and treatment of HBV infection,
important gaps in the evidence on prevention, treatment,
and management need to be addressed, to inform policy
and management guidelines and improve outcomes.
Age-stratified serosurveys need to be done to assess the
prevalence of HBsAg (and HIV-HBV co-infection), in
different populations of adolescents and children (both
high-risk populations and the general population), with
estimates of burden, morbidity, mortality, and treatment
need by region. However, because serosurveys are costly,
modelled data could guide policy in high-prevalence
regions." Children and adolescents need to be included
in routine national data collection and global reporting
tools on the viral hepatitis cascade.

The diagnostic performance of serological HBsAg
assays (rapid diagnostic tests and immunoassays) in
children should be evaluated, and the use of non-invasive
tests (eg, blood-based assays and transient elastography)
for staging of liver disease in children and adolescents
requires validation. Studies are also needed to identify
other biomarkers of progression of HBV, rather than
relying on transition to a low replicative state.

A consensus is required on when to start treatment in
children and adolescents with HBV infection, and long-
term follow-up studies should be done to evaluate the
safety of long-term use of nucleoside or nucleotide
analogue regimens in different paediatric populations.
Immunopathogenesis studies of immune dysfunction
underlying chronic HBV infection in children are
needed to understand the requirement and efficacy of
potential immunotherapies and new curative therapies
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Search strategy and selection criteria

We did a comprehensive narrative literature review using PubMed to identify key studies
on paediatric HBV infection in the following areas: epidemiology (seroprevalence and
burden), transmission, natural history, diagnosis with assessment of disease stage, and
treatment (including criteria for treatment, treatment options, and outcome). A formal,
quantitative systematic review was not considered appropriate for this initial
comprehensive review. We searched for English language publications with the use of
broad search terms: “hepatitis B virus” AND (“child” OR “adolescent”) AND

"o nou "o

“epidemiology”, “transmission”, “natural history”, “prevention”, “diagnosis”, or

“treatment” from Jan 1, 2010, to Dec 31, 2017. The age limit "birth-18 years” was applied.

We included randomised controlled trials, observational studies, retrospective studies,
meta-analyses, review articles, editorials, and case reports. Animal studies and in-vitro
studies were excluded. We also searched reference lists of articles identified through this
strategy and included additional relevant studies. The final list of eligible studies was
based on an assessment by co-authors of direct relevance to the key topics of this review.
For each of the topics, we summarised the findings to highlight the main differences

(as well as similarities) between infection in adults compared with children and
adolescents. For the purpose of this review, we defined an adult as a person who is

18 years old or older; an adolescent as a person who is 12-17 years old; and a child as a
person who is younger than 12 years, unless stated otherwise. These definitions were
consistent with the age categories used in most of the evaluated studies.

that are in development. Different therapeutic strategies
might be required for children with high rates of HBV
replication.

To improve prevention of HBV infection, further studies
are required on the use of nucleoside or nucleotide
analogues, particularly tenofovir disoproxil fumarate and
tenofovir alafenamide, during pregnancy, and their
effectiveness in preventing perinatal HBV infection when
used in addition to early birth-dose and infant vaccination
(with or without HBIG), especially in Asian and African
women. Strategies are also needed to promote
implementation of birth-dose vaccination within 24 h of
birth. In particular, a strong prevention research agenda in
African women and children is a priority.

To improve access to care for HBV, recommendations
for the testing and treatment of children should be
included in national policies together with optimal
service delivery models, and additional support is
required for children and adolescents living with chronic
HBYV infection. Among older adolescents, stigma and
discrimination can reduce access to care, education, and
work opportunities.

Common challenges to treatment scale-up in children,
adolescents, and adults include poor access to diagnosis
and clinical assessment, the affordability of HBV DNA
testing in low-income and middle-income countries,
poor access to antiviral monotherapy outside HIV
antiretroviral therapy programmes, and poor access to
appropriate paediatric formulations. Very few paediatric
studies based on large cohorts have been published from
low-income and middle-income countries. The HBV
paediatric research agenda would benefit from the
establishment of new international collaborations,

consortia, and cohorts of children with chronic HBV
infection to inform best practices for the management,
care, and treatment of children with HBV infection in
high-burden settings.
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