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Abstract Hepatitis B virus (HBV) infection may cause

acute, fulminant, or chronic hepatitis, leading to liver cir-

rhosis or hepatocellular carcinoma. Despite the availability

of effective vaccine, HBV infection during infancy or

early childhood is common in areas of high endemicity. In

these regions, mother-to-infant transmission accounts for

approximately 50% of chronic infections. Although the

natural history of HBV infection in adults is well charac-

terized, little information is available in the literature

regarding the natural history of HBV infection in children.

Similar to infection in adults, chronic HBV infection in

children can be divided into distinct phases: immune

tolerant, immune clearance, and inactive carrier state.

However, acute exacerbation, with reactivation of HBV

replication and re-elevation of alanine aminotransferase

levels after hepatitis B e antigen seroconversion, is rela-

tively rare in children, in comparison to adults. Although

several potent antiviral agents are now available for the

treatment of chronic hepatitis B, experience with these

agents in the pediatric setting is limited. To date, conven-

tional interferon a and lamivudine are the only two

antiviral agents approved to treat chronic hepatitis B in

children. The rapid emergence of resistant HBV associated

with long-term lamivudine therapy, as well as poor toler-

ability associated with conventional interferon a, are

factors that should be considered before initiating antiviral

therapy. This article reviews current knowledge regarding

the natural history and treatment of chronic hepatitis B in

children. Factors that affect the natural history of HBV

infection in children are also reviewed.
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Introduction

Hepatitis B virus (HBV) infection is a leading cause of

acute and chronic liver disease in children and adolescents

worldwide [1]. In areas of high endemicity, where the

carrier rate for hepatitis B surface antigen (HBsAg) can

approach 15–20%, most primary HBV infection occurs

during early childhood. Infection during childhood is

associated with a high rate of persistent infection and with

an increased risk for morbidity and mortality from cirrho-

sis, decompensated liver disease, and hepatocellular

carcinoma (HCC) later on in life [2–5].

Treatment strategies for children with chronic hepatitis

B have focused on inhibition of viral replication to prevent

active liver damage and induce hepatitis B e antigen

(HBeAg) seroconversion. However, initiation of antiviral

therapy in children is challenging and often controversial,

particularly in chronically infected children who have high

serum HBV DNA levels and normal aminotransferase

levels. Currently, only conventional interferon a and lam-

ivudine are approved for the treatment of chronic hepatitis

B in children, and their use is limited by poor tolerability

and emergence of drug-resistant HBV, respectively.

This review highlights the current understanding of the

natural history of chronic hepatitis B in children and dis-

cusses factors that affect disease progression. Strategies

for the treatment of chronically infected children are also

presented.
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HBV transmission

HBV can be transmitted either perinatally or horizontally.

In regions of hyperendemicity such as Asia and the Pacific

Islands, perinatal transmission from highly infectious

mothers to their neonates is a common route of HBV

infection, accounting for up to 50% of HBsAg carriers [6].

The age at which HBV infection is acquired is an important

factor affecting the outcome of the infection. The proba-

bility of becoming a chronic HBV carrier correlates with

the age at infection and the efficiency of the immune sys-

tem; this probability is highest in children who become

infected within the first year of life, as they tend to become

immune tolerant to the virus. In the absence of immuno-

prophylaxis, more than 90% of infants born to mothers

positive for HBeAg and HBsAg will develop chronic HBV

infection, as compared to 23% if the infection occurs at

preschool age (Table 1) [6–9]. Although the precise

mechanism for the development of chronicity remains

unknown, the presence of a relatively high maternal viral

load, along with the physiologic immaturity of the immune

system in the small neonate, may contribute to the high rate

of chronic disease associated with perinatal infection.

Individuals who acquired infection as young adults have a

lower rate of chronicity (3–10%) [10].

HBeAg is a small viral protein that can cross the placental

barrier from the mother to the infant. Transplacental HBeAg

may induce a specific unresponsiveness of helper T cells to

HBeAg and hepatitis B core antigen (HBcAg) in neonates

born to HBeAg-positive HBsAg-carrier mothers [11]. This

may cause the high rate of chronic infection and the long

duration of immune tolerant status to HBV in children of

these mothers. Intrauterine infection occurs rarely, in\5% of

the infants of HBeAg and HBsAg-positive mothers [12].

Natural course of chronic HBV infection in children

HBV infection in children may run an acute, self-limited

course, or a fulminant course progressing to hepatic failure

with a high mortality rate, or it may persist for more than

6 months and become a chronic infection. The majority of

chronically infected children are asymptomatic, exhibiting

normal or minimally abnormal aminotransfersase levels;

however, progressive inflammatory changes can occur in

liver histology [2]. The natural history of hepatitis B

infection in children can be divided into distinct phases: the

HBeAg-seropositive phase (immune tolerant), the HBeAg-

seroconversion phase (immune clearance), and the HBeAg-

negative phase (inactive carrier). A brief description of

these phases follows.

Initial HBeAg-seropositive (HBV highly replicative)

phase

The initial phase of chronic HBV infection, referred to as

the immune tolerant phase, is characterized by the presence

of HBsAg, HBeAg, and high serum HBV DNA levels

(C2.0 9 105 IU/mL, or 106 copies/mL) [13]. Children in

this phase are usually asymptomatic, having normal, bor-

derline, or mildly elevated alanine aminotransferase (ALT)

levels; liver inflammation is minimal or normal on biopsy.

HBeAg-seroconversion (acute exacerbation) phase

Although spontaneous HBeAg seroconversion may occur

in childhood, it rarely occurs before the age of 3. In most

instances, this process occurs during adolescence and early

adulthood. The HBeAg-seropositive rate in HBsAg carrier

children under 15 years of age is 80–85%. In a long-term

follow-up study of 415 HBsAg-carrier children (ages

0–15 years) prospectively followed for 7.1 ± 2.9 years,

the annual HBeAg-seroconversion rate was 4–5% in chil-

dren older than 3 years of age, and it was\2% in children

under 3 years [14]. Children in the early stages of HBeAg

seroconversion still remain asymptomatic, or they have

mild, nonspecific symptoms such as general malaise and

poor appetite. HBeAg seroconversion is accompanied by

an elevation of ALT levels and a decline in HBV DNA

levels; the peak ALT levels may fluctuate from below

100 IU/L to more than 1,000 IU/L, depending on the liver

damage sustained during this process of viral-host

interaction.

HBeAg seroconversion is affected by age and maternal

HBsAg status [15–17]. Factors affecting the clearance of

HBeAg were studied in 169 healthy children who were

positive for HBeAg and HBsAg [8]. In this study, only 7

(9.7%) of the 72 carrier infants seroconverted before

3 years of age. The HBeAg-clearance rate was lower in the

infants whose mothers were positive for HBsAg than in

those whose mothers had no detectable HBsAg (14.3% vs.

35.3%). Additionally, higher HBeAg-seroconversion rates

Table 1 Age of infection and maternal HBV status as factors influ-

encing the outcome of HBV infection in children

Age of infection Rate of persistent infection

Perinatal period

Mother HBeAg+, HBsAg+ [90%

Mother HBeAg-, HBsAg+ \5%, with risk of

fulminant or acute hepatitis

Preschool age 23%

Young adults 2.7–10%

From Beasley et al. [6, 7, 10]
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have been reported in horizontally infected children than in

those infected perinatally [16, 18]. In a prospective study

involving 174 HBeAg-positive children who were followed

for a mean duration of 4.5 years, spontaneous serocon-

version rates were 24% in children who acquired HBV

infection perinatally and 44% in those who acquired their

infection through horizontal transmission [18]. Similar

findings have been reported in a cohort of white children

infected with HBV who were followed for 29 years [16].

Although HBeAg seroconversion is associated with a

decreased risk for liver complications later in life, early

HBeAg seroconversion before 3 years of age in conjunc-

tion with elevated ALT levels in children may not reflect a

good prognostic sign [14, 19]. Early HBeAg seroconver-

sion to HBe antibody (anti-HBe), in association with severe

liver injury, has been shown to play an important role in the

rapid development of HCC in children [3]. A study of the

histologic and virologic characteristics of 51 Taiwanese

children with HCC revealed that low rates of positivity for

HBeAg (18%) and liver HBcAg, coupled with a high fre-

quency of liver cirrhosis, were associated with the

development of HCC in children. These findings were

confirmed in a large prospective study of 426 Taiwanese

children with chronic HBV infection, which found that

early HBeAg seroconversion or the presence of cirrhosis,

or both, was a risk factor for HCC [19].

Post HBeAg-seroconversion (low replicative) phase

The third phase of chronic HBV infection, the inactive

HBsAg carrier state, is characterized by the absence of

HBeAg, the presence of anti-HBe, persistently normal ALT

levels, and low or undetectable serum HBV DNA levels

(\2.0 9 103 IU/mL, or 104 copies/mL) [13]. Children in

this phase may have nonspecific or minimal fibrosis. In

contrast to adults, acute exacerbation of hepatitis, charac-

terized by reactivation of HBV replication and re-elevation

of ALT due to selection of precore variant virus, is a rel-

atively uncommon complication in children and

adolescents after seroconversion to anti-HBe [13, 15, 16,

20, 21].

Spontaneous loss of HBsAg is rare among children with

chronic hepatitis B (\1% per year), especially if they have

been infected during the perinatal period and have mild

histologic changes [22–24]. In a prospective study of 420

HBV-carrier children who were observed for 1–12 years

(mean, 4.3 years), spontaneous loss of HBsAg occurred in

10 patients, for an average rate of 0.6% per year [22].

Factors favoring HBsAg clearance included the presence of

anti-HBe, older age, and HBsAg-negative status in the

mother. After the loss of HBsAg, anti-HBs levels were

higher in the children born to chronically infected mothers

than in those born to noninfected mothers. These findings

are consistent with those reported in a cohort of Chinese

children followed up for a similar period of time [23].

Liver histology in children with chronic HBV infection

Liver histology in HBeAg-positive children generally

reveals mild-to-moderate inflammation, with minimal

fibrosis [14, 25]. During the process of HBeAg serocon-

version, liver lobular changes develop, including portal

inflammation and various degrees of fibrosis, with or

without piecemeal necrosis. Although not common,

bridging hepatic necrosis may occur during acute exacer-

bation. Within 6 months after HBeAg seroconversion, the

inflammation is less active, and, beyond 6 months, it

becomes inactive, and thus, in most children, inflammation

and fibrosis are mild to minimal.

Various degrees of histologic abnormality are observed

in children with chronic hepatitis B, even in the absence

of elevated transaminase activity [4, 14, 25]. These

changes can begin early in life and may accumulate more

liver damage with time even though aminotransferase

level is not significantly raised. A study involved 41

asymptomatic children with chronic HBV infection and

had acquired HBV perinatally from HBeAg-positive

HBsAg-carrier mothers. They had normal or minimal

elevation of ALT levels at 1–9 years of age. The histo-

logic findings included chronic active hepatitis in 1

patient, chronic persistent hepatitis in 8 patients, minimal

changes in 30 patients, and normal histology in 2 patients

[26]. Another 35 liver biopsies were studied in children

with active liver diseases in a study involving children

with perinatally infected hepatitis B carriers who were

followed for a median of 10.24 years, and 60% showed a

mild degree of fibrosis, and 18% showed moderate-to-

severe fibrosis, suggesting a degree of progression, even

in childhood [24]. Severe and permanent liver damage in

the early stages of infection can progress to liver cirrhosis

and HCC during childhood [8, 15, 16]. The prevalence

and the clinical features of liver cirrhosis associated with

chronic HBV infection were assessed in a prospective

study involving 292 HBsAg-carrier children showing

evidence of elevated aminotransferase activity [2]. Liver

cirrhosis was observed in 10 patients (3.4%) (100% boys;

mean age, 4.0 ± 3.3 years) at study entry. HCC in chil-

dren with chronic hepatitis B presents mainly in the anti-

HBe-positive phase, and that permanent liver damage

occurs prior to HBeAg seroconversion [17]. In Asia,

mother-to-child transmission of HBV infection is an

important risk factor for HCC development. This is evi-

denced by the very high rate of seropositivity for HBsAg

in HCC children and their mothers [3, 27].
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HBV genotypes

HBV has eight genotypes, designated as A to H. Different

genotypes are distributed in different geographic areas.

Chronic infection with virus of the different genotypes may

have a correspondingly different clinical course and out-

come. Genotypes B and C are prevalent in Asia, while

genotypes A and D are more common in Europe, Africa,

the Middle East, and India. Children with HBV genotype C

have a slower HBeAg-seroconversion rate than do those

with HBV genotype B [25]. In a study that examined the

prevalence and clinical significance of HBV genotypes in

German children with chronic hepatitis B, genotype D was

associated with higher viral load than genotypes A, B, and

C [28]. However in other studies, HBV genotypes had no

effect on the viremia profiles [13].

In Africa, HBeAg seroconversion occurs early in

childhood, and HBV DNA positive rate was low (4.9%) in

HBsAg carriers [29, 30]. It is associated with HCC in older

children and young adults. In Alaska natives, transmission

of HBV is horizontal and HBeAg clearance was earlier

among children in Southwest Alaska, where HBV geno-

types A, B, D, and F are found. In contrast, HBV

transmission is perinatal and with a slower HBeAg sero-

conversion rate in Northwest Alaska, where HBV genotype

C is found [31, 32]. In Alaska, HCC is mainly associated

with HBV genotype F in younger ages (mean age,

22.5 years), and often without cirrhosis or core promoter

mutations; while other genotypes were associated with

older ages (mean age, 60 years), more core promoter

mutations, and cirrhosis [33].

Precore and core promoter mutants

HBV wild type is the dominant strain during the long-term

course of chronic HBV infection during childhood. An

important G to A mutation at nucleotide 1896 of the HBV

precore gene may lead to a stop codon, which causes a

failure of HBeAg production. Analysis of 80 HBV-carrier

children, both before and after HBeAg seroconversion

during long-term follow-up, showed a gradual increase in

the proportion with the precore stop codon mutant, from

10% at early HBeAg-positive status to approximately 50%

(39–52%) after HBeAg seroconversion [34]. Prior to

HBeAg clearance, the precore stop codon mutant emerged

and coexisted with the wild type in only 25% of children

with chronic HBV infection. A remarkable proportion

(46%) of children had no detectable precore stop codon

mutant throughout the long-term follow-up course, even

after HBeAg seroclearance. Those in whom the precore

stop codon mutant emerged before HBeAg seroconversion

during follow-up tended to have higher levels of ALT,

suggesting more severe hepatic damage. In an age-mat-

ched, case-control study, the HBV core promoter

nucleotide 1762/1764 mutation did not demonstrate a

major role in HBeAg seroconversion in children with

chronic HBV infection [35].

Core gene mutants

Mutations within the HBV core gene have also been

reported in children with chronic hepatitis B [35–37]. The

incidence of HBV core gene deletion mutants was reported

in a study involving 365 children with chronic HBV

infection who were followed for more than 10 years [37].

Core gene deletion mutations were found in 18 of the

children (4.9%). Most children with core gene deletion

mutants underwent HBeAg seroconversion. Core gene

mutation is more frequently seen in children with HCC,

and the pattern of mutation is different from that in

chronically HBV-infected children [36]. Core gene muta-

tions occurred most frequently at codons 21, 147, and 65

(16–29%) within the HBV core gene in children with

chronic HBV infection, whereas mutations at codons 74,

87, and 159 were more common in children with HCC.

Treatment of chronic HBV infection in children

Children with chronic HBV infection may develop active

liver inflammation at any age, accompanied by a variable

degree of ALT elevation, which increases their risk for more

severe liver complications later on in life. Current antiviral

regimens, while not effective enough to eradicate HBV,

particularly in children, can prevent the progression of liver

damage. However, most children with chronic HBV infec-

tion are in an immune tolerant status, in which they have a

high viral load and normal levels of aminotransferases. As a

result, response to conventional antiviral therapy is poor in

those with normal ALT levels. Currently available therapies

for the treatment of chronic hepatitis B are listed in Table 2.

Of these, only interferon-a, administered subcutaneously at

a dose of 6 MU/m2 three times per week for 6 months, and

lamivudine, administered orally at a dose of 3 mg/kg/day for

at least 12 months, are approved for the treatment of chronic

hepatitis B in children. A discussion of the criteria for ini-

tiating therapy and experience with currently approved

antiviral therapy in children follows.

Indication for antiviral therapy in children

Children and adolescents (2–17 years old) who are

HBsAg seropositive for more than 6 months, and have
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elevated aminotransferase levels and HBV DNA in their

serum for more than 3 months, may be candidates for

antiviral therapy. Children and adolescents whose HBV

DNA levels are [105 copies/mL, and whose ALT values

are [2 times the upper limits of normal, should be con-

sidered for treatment as HBeAg seroconversion occurs

more frequently in children with ALT [2 times the upper

limits of normal [38]. Careful patient selection is as

important in treating younger patients as in adults. A

period of observation for at least 6 months is recom-

mended before the start of therapy [39]. It is best to select

patients who are likely to have a prompt response to

therapy, before the risk of viral resistance escalates. In

comparison to untreated control, children treated with an

antiviral agent had an additional HBeAg seroconversion

rate of approximately \5% in those with normal ALT

levels, around 5–10% in those with ALT between 1 and

2 times upper limit of normal, and 25% in those with

ALT [5 times upper limit of normal.

For children at risk for hepatic decompensation, anti-

viral therapy with lamivudine should be given as early

as possible. Patients should be monitored carefully for

serum bilirubin levels and prothrombin time, weekly or

biweekly.

Conventional interferon a

The efficacy of interferon a for the treatment of chronic

hepatitis B in children has been demonstrated in clinical

trials [40–47]. In these studies, interferon-a therapy pro-

duced rates of HBeAg seroconversion and normalization of

aminotransferase levels of 20–40%. Factors that are pre-

dictive of a positive response to interferon include high

pretreatment levels of aminotransferase, low pretreatment

HBV DNA levels, late acquisition of HBV infection, and

presence of hepatocellular inflammation.

The response to interferon a therapy given for 3 or

6 months was studied in 107 children with chronic hep-

atitis B and followed for a mean period of 69 months.

Long-term effects in treated children compared with

untreated children revealed a similar HBeAg clearance-

rate, 60% in treated patients versus 65% in controls [48].

While randomized trials of interferon in children showed

higher rates of HBeAg seroconversion than placebo dur-

ing short-term follow-up, the long-term follow-up rates

of HBeAg seroconversion did not differ in children

with versus without therapy with interferon. Thus

interferon may accelerate the clearance of HBeAg in

children. In addition, the rate of HBsAg loss was higher

Table 2 Antiviral agents for

hepatitis B therapy
Drug Advantages Disadvantages

Approved for use in children and adults

Interferon-a Well-defined duration of therapy Pain and inconvenience on injection

No drug resistance Multiple doses/week

Other side effects: flu-like symptoms,

depression, and bone marrow suppression

Lamivudine Oral use High rate of resistant strains

Low side effects Unclear duration of therapy

Approved only for adults

Pegylated interferon-a Well-defined duration of therapy Pain and inconvenience on injection

Single dose/week Other side effects: flu-like symptoms,

depression, and bone marrow suppression

No drug resistance

Adefovir Oral use Nephrotoxicity

Low side effects Unclear duration of therapy

Effective against

lamivudine-resistant strains

Weaker potency

Lower rate of resistant strains in

lamivudine naı̈ve patients

Slower onset of therapeutic effect

Entecavir Oral use Unclear duration of therapy

Low side effects

Low rate of drug resistance in

lamivudine-naı̈ve patients

Telbivudine Oral use Unclear duration of therapy

Low side effects Resistance mechanism similar to lamivudine

but occurs at a lower rate
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non-responders (25%) for the interferon responders than

for (0%) [48].

A systematic meta-analysis has shown a significant

benefit of interferon therapy for chronic HBV infection in

children [49]. Advantages associated with interferon ther-

apy are the defined duration of treatment and the lack of

development of drug resistance. With children, pain after

injection and transient growth suppression are the main

detriments associated with interferon therapy. Other side

effects of interferon such as fever, general malaise, leu-

kopenia, depression, or hair loss are less remarkable in

children than in adults.

Lamivudine

Lamivudine is a nucleoside analog that can be administered

orally. Lamivudine is well absorbed from the gastrointes-

tinal tract, having a mean absolute bioavailability of 80% in

adults and 68% in infants and children [50]. The efficacy of

lamivudine has been demonstrated in children with chronic

hepatitis B [51, 52]. Lamivudine treatment for 1 year may

induce HBeAg seroconversion and serum HBV DNA neg-

ativity in children with chronic hepatitis B and high serum

ALT concentrations [51]. However, loss of HBsAg is rarely

achieved after only 1 year of lamivudine therapy (2%).

A recent study of prolonged lamivudine therapy found

that an additional 24 months of therapy did not benefit the

children who failed to achieve full virologic response

and ALT normalization after the first year therapy [52].

Virologic response was maintained during follow-up in

most children who underwent seroconversion to anti-HBe

during the first 1-year lamivudine trial. Among these

children, at 24 months of follow-up after the end of 1 year

of lamivudine therapy, persistently normal ALT levels

were observed in 71%, and virologic response was

observed in 87%. In children who had received placebo

during the first year, 92% had normal ALT levels and a

sustained virologic response at the end of the 24-month

follow-up [52].

The main disadvantages associated with lamivudine

therapy are the high rate of emergence of resistant strains

(e.g., YMDD mutants) and the unclear duration of treat-

ment (Table 2). The incidence of lamivudine-resistant

HBV increases over time, resulting in lower response rates.

Higher pretreatment ALT levels and liver histologic

inflammation scores, and lower HBV DNA levels, predict a

better treatment response. Mutants of the HBV polymerase

gene at the reverse transcriptase region may develop after

use of lamivudine for more than 9 months [53, 54]. In a

multicenter study, at week 52 after therapy, YMDD

mutation was detected in 19% of the patients in the lami-

vudine group but in none of the patients in the placebo

group [46]. Long-term use of lamivudine after the emer-

gence of the YMDD motif mutation may lead to acute

exacerbation and subsequent HBV clearance [55]. Careful

monitoring of serum HBV DNA titre every 3–6 months

and signs of clinical or biochemical deterioration of liver

function is mandatory in children treated with lamivudine.

Genotypic testing to confirm the resistant strains is rec-

ommended, if HBV DNA levels rise more than 1 log above

the baseline.

Discontinuation of lamivudine therapy should be con-

sidered if biochemical exacerbation develops during

therapy. Treatment options thereafter are limited, as no

other antiviral therapy is approved for children except

conventional interferon-a. Effective therapy is needed for

children who experience severe exacerbation and risk of

decompensation during or after lamivudine therapy.

Combination therapy

Combination therapies using different doses and time

schedules of interferon a and lamivudine have been

investigated in several studies [56–64]. These studies

mostly involved small numbers of patients and yielded

controversial results. A recent study with a larger number

of patients (177 children) investigated therapy using lam-

ivudine in combination with interferon a-2a, given at

9 MU/m2 for 6 months [56]. Lamivudine was continued

for 6 months after seroconversion to anti-HBe or was

stopped at 24 months in nonresponders. Complete response

was achieved in 55.3% of patients who received simulta-

neous lamivudine and interferon therapy and in 27.6% of

those who received lamivudine 2 months prior to starting

interferon (P \ 0.01) [56]. Anti-HBe seroconversion

occurred at higher rates and earlier, and HBV DNA

clearance was earlier, in the simultaneous-treatment group

(P \ 0.05). The rates of HBsAg clearance were 12.5% and

4.6% in the simultaneous-treatment and sequential-treat-

ment groups, respectively, and the respective rates of anti-

HBs seroconversion were 9.8% and 6.2% (P [ 0.05).

Combination use of lamivudine and interferon-a seems to

yield a higher response rate and even viral clearance than

monotherapy in children. Further randomized control trials

are needed to confirm the efficacy of combination therapy

in children.

Future directions

Although the number of available, effective antiviral agents

for hepatitis B, such as pegylated interferon a, adefovir,

entecavir, and telbivudine, have expanded over the last

decade, the experience with these agents in children is

limited. The clinical trial of adefovir in children has been
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completed, and it is waiting for the approval to be used in

children. Clinical trials using entecavir or telbivudine in

children are under planning or being conducted. In addition,

experience and safety data available for tenofovir disoproxil

use in children with HIV infection revealed proximal renal

tubule damage and await for further careful evaluation [65].

Other new promising drugs in the late stages of clinical

development, such as clevudine, have not yet been studied

in children. Pegylated interferon-a is a long-acting inter-

feron that has been successfully used for treating chronic

hepatitis C, and it has also been used for treating hepatitis

B in adults. Its reduced frequency of injection (once per

week) has an advantage over conventional interferon-a,

particularly in children. Although the safety and efficacy of

pegylated interferon have recently been reported in studies

of children with hepatitis C [66–68], similar studies have

not been conducted in the setting of chronic hepatitis B.

Conclusion

HBV infection in children remains a serious problem, par-

ticularly in areas of high endemicity. Severe liver damage,

including bridging hepatic necrosis, liver cirrhosis, and

even liver cancer, although rare, may occur in children

chronically infected with HBV. Over their long life

expectancy, children may accumulate liver injury with time

that increases their risk for cirrhosis and HCC later in life.

Antiviral therapy is effective in suppressing HBV viral

replication and inducing HBeAg seroconversion in children

in the immune clearance stage of infection. Unfortunately,

current antiviral regimens are not effective enough to

eradicate HBV, particularly in children who acquire HBV

perinatally. Antiviral therapy with interferon a or lamivu-

dine is indicated for children in the immune activation stage

if natural HBeAg seroconversion is not observed after at

least 6 months. However, the effectiveness of these agents

is limited by poor tolerability (interferon) and development

of antiviral resistance (lamivudine). Newer antiviral thera-

pies are needed for children, preferably ones that are

associated with high efficacy and fewer side effects and that

involve a shorter duration of therapy. The most desirable

agents for children would also incur a low rate of drug

resistance and produce a durable effect, protecting them

from the complication of HBV infection over their lifetime.

References

1. Ganem D, Prince AM. Hepatitis B virus infection-natural history

and clinical consequences. N Engl J Med. 2004;350:1118–29.

2. Bortolotti F, Calzia R, Cadrobbi P, Giacchini R, Ciravegna B,

Armigliato M, et al. Liver cirrhosis associated with chronic hep-

atitis B virus infection in childhood. J Pediatr. 1986;108:224–7.

3. Hsu HC, Wu MZ, Chang MH, Su IJ, Chen DS. Childhood

hepatocellular carcinoma develops exclusively in hepatitis B

surface antigen carriers in three decades in Taiwan. Report of 51

cases strongly associated with rapid development of liver cir-

rhosis. J Hepatol. 1987;5:260–7.

4. Hsu HC, Lin YH, Chang MH, Su IJ, Chen DS. Pathology of

chronic hepatitis B virus infection in children: with special ref-

erence to the intrahepatic expression of hepatitis B virus antigens.

Hepatology. 1988;8:378–82.

5. Leuschner I, Harms D, Schmidt D. The association of hepato-

cellular carcinoma in childhood with hepatitis B virus infection.

Cancer. 1988;62:2363–9.

6. Stevens CE, Beasley RP, Tsui J, Lee WC. Vertical transmission

of hepatitis B antigen in Taiwan. N Engl J Med. 1975;292:771–4.

7. Beasley RP, Hwang LY, Lin CC, Leu ML, Stevens CE, Szmuness

W, et al. Incidence of hepatitis B virus infections in preschool

children in Taiwan. J Infect Dis. 1982;146:198–204.

8. Chang MH, Sung JL, Lee CY, Chen CJ, Chen JS, Hsu HY, et al.

Factors affecting clearance of hepatitis B e antigen in hepatitis B

surface antigen carrier children. J Pediatr. 1989;115:385–90.

9. Chu CM, Karayiannis P, Fowler MJ, Monjardino J, Liaw YF,

Thomas HC. Natural history of chronic hepatitis B virus infection

in Taiwan: studies of hepatitis B virus DNA in serum. Hepatol-

ogy. 1985;5:431–4.

10. Beasley RP, Hwang LY, Lin CC, Ko YC, Twu SJ. Incidence of

hepatitis among students at a university in Taiwan. Am J Epi-

demiol. 1983;117:213–22.

11. Tang JR, Hsu HY, Lin HH, Ni YH, Chang MH. Hepatitis B

surface antigenemia at birth: a long-term follow-up study. J Pe-

diatr. 1998;133:374–7.

12. Hsu HY, Chang MH, Hsieh KH, Lee CY, Lin HH, Hwang LH,

et al. Cellular immune response to HBcAg in mother-to-infant

transmission of hepatitis B virus. Hepatology. 1992;15:770–6.

13. Ni YH, Chang MH, Chen PJ, Tsai KS, Hsu HY, Chen HL, et al.

Viremia profiles in children with chronic hepatitis B virus

infection and spontaneous e antigen seroconversion. Gastroen-

terology. 2007;132:2340–5.

14. Chang MH, Hsu HY, Hsu HC, Ni YH, Chen JS, Chen DS. The

significance of spontaneous hepatitis B e antigen seroconversion

in childhood: with special emphasis on the clearance of hepatitis

B e antigen before 3 years of age. Hepatology. 1995;22:1387–92.

15. Bortolotti F, Cadrobbi P, Crivellaro C, Guido M, Rugge M,

Noventa F, et al. Long-term outcome of chronic type B hepatitis

in patients who acquire hepatitis B virus infection in childhood.

Gastroenterology. 1990;99:805–10.

16. Bortolotti F, Guido M, Bartolacci S, Cadrobbi P, Crivellaro C,

Noventa F, et al. Chronic hepatitis B in children after e antigen

seroclearance: final report of a 29-year longitudinal study.

Hepatology. 2006;43:556–62.

17. Chang MH, Chen DS, Hsu HC, Hsu HY, Lee CY. Maternal

transmission of hepatitis B virus in childhood hepatocellular

carcinoma. Cancer. 1989;64:2377–80.

18. Marx G, Martin SR, Chicoine JF, Alvarez F. Long-term follow-

up of chronic hepatitis B virus infection in children of different

ethnic origins. J Infect Dis. 2002;186:295–301.

19. Wen WH, Chang MH, Hsu HY, Ni YH, Chen HL. The devel-

opment of hepatocellular carcinoma among prospectively

followed children with chronic hepatitis B virus infection. J Pe-

diatr. 2004;144:397–99.

20. Ferns RB, Naoumov NV, Gilson RJ, Tedder RS. Presence of

hepatitis B virus core promoter mutations pre-seroconversion

predict persistent viral replication after HBeAg loss. J Clin Virol.

2007;39:199–204.

21. Smith PR, Zampino R, Gutteridge C, Karayiannis P, Aitken C.

Reactivation of precore variant hepatitis B virus in a child with

severe aplastic anaemia. J Med Virol. 2001;65:470–2.

S34 Hepatol Int (2008) 2:S28–S36

123



22. Hsu HY, Chang MH, Lee CY, Chen JS, Hsu HC, Chen DS.

Spontaneous loss of HBsAg in children with chronic hepatitis B

virus infection. Hepatology. 1992;15:382–6.

23. Lok AS, Lai CL. A longitudinal follow-up of asymptomatic

hepatitis B surface antigen-positive Chinese children. Hepatology.

1988;8:1130–3.

24. Boxall EH, Sira J, Standish RA, et al. Natural history of hepatitis

B in perinatally infected carriers. Arch Dis Child Fetal Neonatal

Ed. 2004;89:F456–60.

25. Chang MH, Hwang LY, Hsu HC, Lee CY, Beasley RP. Pro-

spective study of asymptomatic HBsAg carrier children infected

in the perinatal period: clinical and liver histologic studies.

Hepatology. 1988;8:374–7.

26. Chang MH. Hepatitis B infections in infancy and childhood. Int

Semin Pediatric Gastroenteorl Nutr. 1996;5:3–9.

27. Chang MH, Chen TH, Hsu HM, Wu TC, Kong MS, Liang DC,

et al. Prevention of hepatocellular carcinoma by universal vac-

cination against hepatitis B virus: the effect and problems. Clin

Cancer Res. 2005;11:7953–7.

28. Oommen PT, Wirth S, Wintermeyer P, Gerner P. Relationship

between viral load and genotypes of hepatitis B virus in children

with chronic hepatitis B. J Pediatr Gastroenterol Nutr.

2006;43(3):342–7.

29. Dusheiko GM, Brink BA, Conradie JD, Narimuthu T, Sher R.

Regional prevalence of hepatitis B, delta, and human immuno-

deficiency virus infection in southern Aftrica: a large population

survey. Am J Epidemol. 1989;129:138–45.

30. Kramvis A, Kew MC. Epidemiology of hepatitis B virus in

Africa, its genotypes and clinical associations of genotypes.

Hepatol Res. 2007;37:S9–19.

31. McMahon BJ, Alward WL, Hall DB, et al. Acute hepatitis B virus

infection: relation of age to the clinical expression of disease and

subsequent development of the carrier state. J Infect Dis.

1985;151:599–603.

32. Livingston SE, Simounetti JP, Bulkow LR, et al. Clearance of

hepatitis B e antigen in patients with chronic hepaitis B and

genotypes A, B, C, D, and F. Gastroenterology. 2007;133:

1452–7.

33. Livingston SE, Simonetti JP, McMahon BJ, et al. Hepatitis B

virus genotypes in Alaska native people with hepatocellular

carcinoma; preponderance of genotype F. J Infect Dis. 2007;

195:5–11.

34. Chang MH, Hsu HY, Ni YH, Tsai KS, Lee PI, Chen PJ, et al.

Precore stop codon mutant in chronic hepatitis B virus infection

in children: its relation to hepatitis B e seroconversion and

maternal hepatitis B surface antigen. J Hepatol. 1998;28:

915–22.

35. Ni YH, Chang MH, Hsu HY, Tsuei DJ. Longitudinal study on

mutation profiles of core promoter and precore regions of the

hepatitis B virus genome in children. Pediatr Res. 2004;56:396–9.

36. Ni YH, Chang MH, Hsu HY, Tsuei DJ. Different hepatitis B virus

core gene mutations in children with chronic infection and

hepatocellular carcinoma. Gut. 2003;52:122–5.

37. Ni YH, Chang MH, Hsu HY, Chen HL. Long-term follow-up

study of core gene deletion mutants in children with chronic

hepatitis B virus infection. Hepatology. 2000;32:124–8.

38. Liaw Y-F, the ACT-HBV Asia Pacific Steering Committee

Members. Chronic hepatitis B: treatment alert. Liver Int.

2006;26:47–58.

39. Liaw YF, Leung N, Guan R, Lau GK, Merican I, McCaughan G,

et al. Asian-Pacific consensus statement on the management of

chronic hepatitis B: a 2005 update. Liver Int. 2005;25:472–89.

40. Sokal EM, Conjeevaram HS, Roberts EA, Alvarez F, Bern EM,

Goyens P, et al. Interferon alfa therapy for chronic hepatitis B in

children: a multinational randomized controlled trial. Gastroen-

terology. 1998;114:988–95.

41. Lai CL, Lok AS, Lin HJ, Wu PC, Yeoh EK, Yeung CY. Placebo-

controlled trial of recombinant alpha 2-interferon in Chinese

HBsAg-carrier children. Lancet. 1987;2:877–80.

42. Lai CL, Lin HJ, Lau JN, Flok AS, Wu PC, Chung HT, et al. Effect

of recombinant alpha 2 interferon with or without prednisone in

Chinese HBsAg carrier children. Q J Med. 1991;78:155–63.

43. Barbera C, Bortolotti F, Crivellaro C, Coscia A, Zancan L,

Cadrobbi P, et al. Recombinant interferon-alpha 2a hastens the

rate of HBeAg clearance in children with chronic hepatitis B.

Hepatology. 1994;20:287–90.

44. Narkewicz MR, Smith D, Silverman A, Vierling J, Sokol RJ.

Clearance of chronic hepatitis B virus infection in young children

after alpha interferon treatment. J Pediatr. 1995;127:815–18.

45. Ruiz-Moreno M, Camps T, Jimenez J, Lopez R, Castillo I,

Bartolome J, et al. Factors predictive of response to interferon

therapy in children with chronic hepatitis B. J Hepatol.

1995;22:540–4.

46. Gregorio GV, Jara P, Hierro L, Diaz C, de la Vega A, Vegnente

A, et al. Lymphoblastoid interferon alfa with or without steroid

pretreatment in children with chronic hepatitis B: a multicenter

controlled trial. Hepatology. 1996;23:700–7.

47. Vajro P, Tedesco M, Fontanella A, De Vincenzo A, Vecchione R,

Ammendola R, et al. Prolonged and high dose recombinant

interferon alpha-2b alone or after prednisone priming accelerates

termination of active viral replication in children with chronic

hepatitis B infection. Pediatr Infect Dis J. 1996;15:223–31.

48. Bortolotti F, Jara P, Barbera C, Gregorio GV, Vegnente A,

Zancan L, et al. Long term effect of alpha interferon in children

with chronic hepatitis B. Gut. 2000;46:715–8.

49. Torre D, Tambini R. Interferon-alpha therapy for chronic hepa-

titis B in children: a meta-analysis. Clin Infect Dis. 1996;23:

131–7.

50. Perry CM, Faulds D. Lamivudine. A review of its antiviral

activity, pharmacokinetic properties and therapeutic efficacy in

the management of HIV infection. Drugs. 1997;53:657–80.

51. Jonas MM, Mizerski J, Badia IB, Areias JA, Schwarz KB, Little

NR, et al. Clinical trial of lamivudine in children with chronic

hepatitis B. N Engl J Med. 2002;346:1706–13.

52. Sokal EM, Kelly DA, Mizerski J, Badia IB, Areias JA, Schwarz

KB, et al. Long-term lamivudine therapy for children with

HBeAg-positive chronic hepatitis B. Hepatology. 2006;43:225–

32.

53. Zoulim F, Trepo C. Drug therapy for chronic hepatitis B: antiviral

efficacy and influence of hepatitis B virus polymerase mutations

on the outcome of therapy. J Hepatol. 1998;29:151–68.

54. Melegari M, Scaglioni PP, Wands JR. Hepatitis B virus mutants

associated with 3TC and famciclovir administration are replica-

tion defective. Hepatology. 1998;27:628–33.

55. Liaw YF, Chien RN, Yeh CT, Tsai SL, Chu CM. Acute exac-

erbation and hepatitis B virus clearance after emergence of

YMDD motif mutation during lamivudine therapy. Hepatology.

1999;30:567–72.

56. Kansu A, Doganci T, Akman SA, Artan R, Kuyucu N, Kalayci

AG, et al. Comparison of two different regimens of combined

interferon-alpha2a and lamivudine therapy in children with

chronic hepatitis B infection. Antivir Ther. 2006;11:255–61.

57. van Bommel F, Zollner B, Sarrazin C, Spengler U, Huppe D,

Moller B, et al. Tenofovir for patients with lamivudine-resistant

hepatitis B virus (HBV) infection and high HBV DNA level

during adefovir therapy. Hepatology. 2006;44:318–25.

58. Yilmaz A, Akcam M, Gelen T, Artan R. Lamivudine and high-dose

interferon alpha 2a combination treatment in naive HBeAg-posi-

tive immunoactive chronic hepatitis B in children: an East

Mediterranean center’s experience. Eur J Pediatr. 2007;166:195–9.

59. Sokucu S, Gokce S, Suoglu OD, Emiroglu H, Cevikbas U.

Comparison of interferon monotherapy with interferon-

Hepatol Int (2008) 2:S28–S36 S35

123



lamivudine combination treatment in children with chronic hep-

atitis B. Indian J Gastroenterol. 2006;25:136–9.

60. Dikici B, Bosnak M, Bosnak V, Dagli A, Davutoglu M, Yagci

RV, et al. Comparison of treatments of chronic hepatitis B in

children with lamivudine and alpha-interferon combination and

alpha-interferon alone. Pediatr Int. 2002;44:517–21.

61. Selimoglu MA, Aydogdu S, Unal F, Zeytinoglu A, Yuce G,

Yagci RV. Alpha interferon and lamivudine combination therapy

for chronic hepatitis B in children. Pediatr Int. 2002;44:404–8.

62. Dikici B, Bosnak M, Bosnak V, Dagli A, Ece A, Yagci RV, et al.

Combination therapy for children with chronic hepatitis B virus

infection. J Gastroenterol Hepatol. 2002;17:1087–91.

63. D’Antiga L, Aw M, Atkins M, Moorat A, Vergani D, Mieli-

Vergani G. Combined lamivudine/interferon-alpha treatment in

‘‘immunotolerant’’ children perinatally infected with hepatitis B:

a pilot study. J Pediatr. 2006;148:228–33.

64. Hartman C, Berkowitz D, Eshach-Adiv O, Hino B, Rimon N,

Satinger I, et al. Long-term lamivudine therapy for chronic

hepatitis B infection in children unresponsive to interferon. J

Pediatr Gastroenterol Nutr. 2006;43:494–8.

65. Papaleo A, Warszawski J, Salomon R, et al. Increased beta-2

microglobulinuria in human immunodeficiency virus-1-infected

children and adolescents treated with tenofovir. Pediatric Infect

Dis J. 2007;26:949–51.

66. Schwarz KB, Mohan P, Narkewicz MR, Molleston JP, Nash SR,

Hu S, et al. Safety, efficacy and pharmacokinetics of peginter-

feron alpha2a (40 kd) in children with chronic hepatitis C. J

Pediatr Gastroenterol Nutr. 2006;43:499–505.

67. Kowala-Piaskowska A, Sluzewski W, Figlerowicz M, Mozer-

Lisewska I. Early virological response in children with chronic

hepatitis C treated with pegylated interferon and ribavirin.

Infection. 2007;35:175–9.

68. Baker RD, Dee D, Baker SS. Response to pegylated interferon

alpha-2b and ribavirin in children with chronic hepatitis C. J Clin

Gastroenterol. 2007;41:111–4.

S36 Hepatol Int (2008) 2:S28–S36

123


	Natural history and clinical management of chronic hepatitis B virus infection in children
	Abstract
	Introduction
	HBV transmission
	Natural course of chronic HBV infection in children
	Initial HBeAg-seropositive (HBV highly replicative) phase
	HBeAg-seroconversion (acute exacerbation) phase
	Post HBeAg-seroconversion (low replicative) phase

	Liver histology in children with chronic HBV infection
	HBV genotypes
	Precore and core promoter mutants
	Core gene mutants

	Treatment of chronic HBV infection in children
	Indication for antiviral therapy in children
	Conventional interferon &agr;
	Lamivudine
	Combination therapy

	Future directions
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


