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BACKGROUND/AIMS
The aim of the present study was to evaluate seroconversion rates in children with chronic hepatitis B (CHB) infection and determine the 
factors influencing the natural course of liver diseases.

MATERIAL and METHODS
A total of 458 hepatitis B surface antigen (HBsAg)-positive patients aged 0.75–17 years were tested for hepatitis markers, liver function 
tests, and hepatitis B virus (HBV) DNA levels at baseline and periodically at every 3 months following recruitment. Patients with CHB 
(n=321) were divided into two groups: treated and untreated patients. The seroconversion rates between the two groups were compared, 
and their relationship with age, sex, vaccination status, coinfections, aminotransferases, HBV DNA levels, and cirrhosis was determined.

RESULTS
Hepatitis B e antigen (HBeAg) seroconversion rates were 30 in 97 patients 30/97 (30.9%) in untreated patients and 67/147 (45.5%) in 
treated patients (p=0.023). HBsAg seroconversion rates were 10/174 (5.7%) in untreated patients and 16/147 (10.8%) in treated patients 
(p=0.10). No significant difference was observed in HBeAg and HBsAg seroconversion times between the two groups (p>0.05). 

CONCLUSION
In our study, although the HBeAg seroconversion rate was significantly higher in treated patients than in untreated patients, the HBsAg 
seroconversion rate was not different between the groups. 
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INTRODUCTION 
Chronic hepatitis B virus (HBV) infection is a major cause of liver diseases associated with the development of cirrhosis 
and hepatocellular carcinoma (HCC). The natural course of HBV infection is greatly influenced by the age of the indi-
viduals at infection, host immune response to the virus, and the level of HBV replication (1). It The natural course of HBV 
infection comprises four phases: immune tolerance, immune clearance [hepatitis B e antigen (HBeAg)-positive chronic 
hepatitis B (CHB)], low or non-replication (inactive carrier state), and reactivation (HBeAg-negative CHB) (1-3).

The risk factors associated with the loss of hepatitis B surface antigen (HBsAg) and/or HBeAg that can occur spon-
taneously or following treatment and the development of progressive liver inflammation, fibrosis, and cirrhosis remain 
unclear. Given that it is not certain that treatment with interferon (IFN) increases seroconversion rates and improves 
prognosis, the benefits of treatment (IFN, lamivudine) have not been established (4-6). The risk for cirrhosis and HCC is 
low; therefore, treatment is not recommended because of the development of viral resistance in carriers who are in the 
immune tolerance phase (6). However, children with CHB infection would require regular screening for the progression of 
infection to cirrhosis and HCC because some of them will subsequently have flares of hepatitis and develop HBeAg-pos-
itive immune active hepatitis or HBeAg-negative active hepatitis (5, 6).
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The present study aimed to evaluate seroconversion rates in 
children with CHB infection and determine the factors influenc-
ing the natural course of liver diseases.

MATERIAL and METHODS
A total of 458 HBsAg-positive children who were admitted to 
the Division of Pediatric Gastroenterology of Sisli Hamidiye Et-
fal Training and Research Hospital (Istanbul, Turkey) between 
1998 and 2018 were retrospectively evaluated. Data on vacci-
nation status, duration of HBsAg positivity, type of onset (acute 
or chronic), mode of transmission, concomitant hepatitis D virus 
(HDV) and/or hepatitis C virus (HCV) positivity, and physical 
examination signs (hepatomegaly, splenomegaly, and ascites) 
were obtained.

Complete blood count, biochemical tests, coagulation tests, 
HBsAg, antibody to hepatitis B surface antigen (anti-HBs), to-
tal antibody to hepatitis B core antigen (anti-HBc), antibody to 
hepatitis B e antigen (anti-HBeAg), anti-HCV, anti-HDV, and an-
tibody to human immunodeficiency virus were examined in all 
patients using commercially available enzyme-linked immuno-
assays (Cobas Core, Roche Diagnostics, Pleasanton, CA, USA). 
HBV DNA and HCV RNA levels were measured using quanti-
tative real-time polymerase chain reaction (COBAS TaqMan 
48; Roche Diagnostics, Pleasanton, CA, USA). Liver biopsy was 
performed according to the Menghini technique. The stage and 
grade of liver involvement were scored according to Knodell’s 
hepatic activity index (HAI) (7) in all treated patients. Children 
were followed up by testing HBeAg, HBsAg, HBV DNA, and liver 
function every 3 months for the first year and then annually. The 
study was approved by the Ethics Committee of the institution. 
Authors declared that the research was conducted according 
to the principles of the World Medical Association Declaration 
of Helsinki ‘ Ethical Principles for Medical Research Involving 
Human Subjects’ (amended in October 2013).Informed consents 
were obtained from all the parents of the children before biopsy 
and other procedures.

Patients whose alanine aminotransferase (ALT) and aspartate 
aminotransferase levels were three times the upper normal lim-
its at admission were regarded as acute onset patients. Patients 
whose HBsAg continued to be positive for >6 months, indicating 
chronic HBV infection, were included in the study. A total of 44 
(9%) patients who developed seroconversion during the first 6 
months were regarded as acute hepatitis B infection and those 
with fulminant hepatitis were excluded from the study. Of the 
414 HBeAg-positive children, 93 were excluded because of in-
complete patient data or were lost to follow-up.  

Inactive carriers were defined as HBeAg negativity, anti-HBe, 
undetectable or low levels of HBV DNA (<2000 IU/mL or 104 
copies/mL), persistent normal levels of ALT, and inactive liv-
er histology (2, 4). HBeAg-negative chronic hepatitis (mutant 
HBV infection/precore or core promoter mutant) is defined as 
HBeAg negativity with anti-HBe positivity, detectable serum 
HBV DNA levels (2000–20 million IU/mL or 104–108 copies/mL), 
increased ALT, and moderate or severe necroinflammation with 
variable amounts of fibrosis on liver biopsy (2).

HBeAg seroconversion was defined as loss of HBeAg and gain 
of anti-HBe antibody occurring either spontaneously or fol-

lowing treatment. HBsAg seroconversion was defined as loss 
of HBsAg and gain of anti-HBsAg antibody. Reactivation was 
defined as an increase in ALT (more than twice the upper nor-
mal limit) with the reappearance of HBV DNA, with or without 
reversion to HBeAg.

During follow-up, patients whose HBsAg, HBeAg, and HBV 
DNA positivity persisted for >6 months, aminotransferase levels 
were twice the upper normal limit, who had liver biopsy, and in 
whom the other causes of liver diseases were excluded were 
started on treatment. Patients were treated with IFN alpha-2a 
or IFN alpha-2b (at a dose of 3–5 MU/m2 three times a week for 
6 months, subcutaneously) alone or in combination with lamivu-
dine (4 mg/kg/day once daily for 12 months, orally). Response 
to treatment was defined as HBV DNA undetectability, loss of 
HBeAg with seroconversion to anti-HBe, and ALT normalization 
(ALT ≤1× upper normal limit). 

Statistical Analysis
Statistical analysis was performed using the Statistical Package 
for the Social Sciences version 11.5 (SPSS Inc.; Chicago, IL, USA) 
software. All results are expressed as mean±SD. Statistical com-
parisons were made using the unpaired Student’s t-test and 
Pearson correlation test. Qualitative variables were analyzed 
using Fisher’s exact and chi-square tests. A p value of <0.05 was 
considered statistically significant.

RESULTS
The age of 321 patients with CHB of the 458 HBsAg-positive 
patients ranged from 0.75 to 17 (8.99±3.75) years, and the male-
to-female ratio was 3.1:2. The mean duration of follow-up was 
15±4.7 years. The mode of transmission was mostly (60%) vertical 
(from mother to child), and 6% of the patients were vaccinated 
against hepatitis B. Although HBV immunoglobulin prophylaxis 
is used in Turkey to prevent the vertical transmission of CHB, the 
patients recruited in the present study were those whose moth-
ers have not been prenatally screened for HBV; therefore, such 
patients have not been given HBV immunoglobulin prophylaxis.

Overall, 75% of the patients were HBeAg positive. All the 4 pa-
tients with concurrent HCV infection had been infected with 
HCV via blood transfusion. None of the patients had a family 
history of HCC. The clinical characteristics and laboratory re-
sults of the patients have been summarized in Table 1. 

Of the 270 patients, 12.2% (n=33) were HBV DNA negative and 
87.8% (n=237) were positive at admission. HBV DNA levels could 
not be analyzed in 51 patients because the parents could not 
charge the cost of the tests. Of the 237 HBV DNA positive pa-
tients, 11% (n=26) were HBeAg negative, and these patients were 
regarded as mutant HBV infection (HBeAg-negative chronic 
hepatitis). 

A mild correlation was observed between cirrhosis and HBsAg 
titer (r=0.298, p<0.006). A significant correlation was observed 
between HDV (n=4) and HCV (n=4) coinfections and cirrhosis 
(r=0.666, p<0.000 and r=0.213, p<0.000, respectively). No correla-
tion was established among HBV DNA, HAI scores, and cirrho-
sis (r=0.130, p<0.112 and r=−0.046, p<0.447, respectively). Similarly, 
no correlation was observed between HBV DNA and cirrhosis 
(r=−0.046, p<0.447). The seroconversion rates between treat-
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ed and untreated patients and their relationship with age; sex; 
vaccination status; mode of transmission; physical examination 
signs; initial laboratory results; and HBsAg, HBeAg, and HBV 
DNA titers are summarized in Table 2. 

A total of 147 patients were treated with IFN alpha-2a (n=54), 
IFN alpha-2b (n=48), IFN alpha-2b and lamivudine (n=34), and 
IFN alpha-2a and lamivudine (n=11) during 6 months. The cor-
relations among treatment modalities, and seroconversion rates 
are shown in Table 3. 

Only 97 of the 174 untreated patients were HBeAg positive. 
HBeAg seroconversion rates were 30/97 (30.9%) in untreated 
patients (spontaneous seroconversion) during 20.8±21.9 months 
and 67/147 (45.5%) in treated patients during 27.8±17.7 months 
(p=0.023) (Figure 1). HBsAg seroconversion rates were 10/174 
(5.7%) in untreated patients (spontaneous seroconversion) 
during 13.9±12 months and 16/147 (10.8%) in treated patients 
during 26.5±11.9 months (p=0.10). No significant difference was 
observed in HBeAg and HBsAg seroconversion times between 
the two groups (p>0.05). No difference was also observed with 
respect to HBeAg and HBsAg seroconversion rates between 
treatment with IFN alpha-2a or IFN alpha-2b alone and in com-
bined treatment with lamivudine (p=0.07 and p=0.64, respec-
tively). 

Although the HBeAg seroconversion rates were significantly 
higher in patients with high pretreatment HBV DNA and serum 
ALT levels (p=0.005), no significant difference was observed in 
HBsAg seroconversion rates in these patients. In addition, spon-
taneous seroconversion rates were not significantly different in 
patients with high serum ALT and HBV DNA levels (p>0.05).

HBeAg reversion was observed only in 3 of the 5 male patients 
[mean age 6±3.3 (range 3–11) years] with cirrhosis, whereas HB-
sAg seroconversion was observed in none of them. One of the 
two patients in whom seroconversion was not observed had 
concurrent HCV infection. None of these children with cirrhosis 
developed HCC. One of the patients with cirrhosis died of liv-
er-related causes, and one of them underwent liver transplan-
tation during follow-up. 

DISCUSSION 
The development of chronic HBV infection is higher in individ-
uals infected perinatally (90%) or during childhood (20%–30%), 
which is thought to be due to immaturity of the immune system, 
than in adults (<1%) (1, 3). The most frequent mode of transmission 
is vertical transmission (from mother to child) in countries where 
moderate and high rates of HBsAg carriage are observed (1, 2). 
In our study, perinatally acquired HBV infection was observed 
in 60% of the patients. When compared with other transmission 
methods, no significant difference was observed in HBsAg and 
HBeAg seroconversion rates among patients who had vertical 
transmission of HBV.

Turkey is a moderate endemic area for HBV infection, and vacci-
nation against hepatitis B is recommended for infants, children, 
and adolescents since 1998 in routine vaccination programs; 
therefore, 94% of our patients were unvaccinated against HBV. 

Factors associated with an increased risk of developing liver 
diseases and progression to cirrhosis include older age (>40 
years), male sex, presence of HBeAg, HBV genotype, mutations 
in the precore and core promoter regions of the viral genome, 
recurrent ALT flares, severity of fibrosis stage at presentation, 
HBV genotypes C>B and D>A, and concurrent infections (HBV/
HCV and/or HBV/HDV) (1). In the present study, a correlation 
was established between cirrhosis and initial HBsAg titer, fi-
brosis score, and coinfections with HDV and HCV. Male sex has 
been identified as an independent risk factor of cirrhosis (8). 
Molecular mechanisms between sex and fibrosis are unknown, 
but the antifibrogenic effect of estrogen has been proposed (9). 
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TABLE 1. Clinical characteristics of the patients at admission  

Age (mean±SD, range years) 8.99±3.75 (0.75–17 years)

Sex (M/F) 197/124 (3.1:2)

Mode of transmission

Mother 194 (60%)

Father 47 (14%)

Siblings 35 (11%)

Blood transfusion 32 (10%)

Surgical operation 7 (2%)

Other (tooth extraction, cousin vs) 6 (1.86%)

Hepatitis B vaccination

Yes 302 (94%)

No 19 (6%)

HBeAg positivity 241 (75%)

Anti-HBe positivity 80 (25%)

Coinfection

HDV 4 (1.24%)

HCV 4 (1.24%)

Splenomegaly 10 (3.1%)

Hepatomegaly 15 (4.6%)

Ascites 4 (1.2%)

Cirrhosis 5 (1.5%)

Biopsy

Yes 147

No 174

HAI score

Minimal 23 (16%)

Mild 68 (46%)

Moderate 35 (24%)

Severe 21 (14%)

Fibrosis stage

None 13 (9%)

Minimal 91 (62%)

Mild 31 (21%)

Moderate 11 (7%)

Severe 1 (0.6%)

HBeAg: Hepatitis B e antigen; Anti-HBe: Hepatitis B e antibody; HDV: 
Hepatitis Delta virus; HCV: Hepatitis C virus
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In our patients with CHB and all patients with cirrhosis, 61.4% 
were male patients.

Longitudinal studies have demonstrated that HBeAg seroconver-
sion leads to the inactive HBsAg carrier state in most children (1, 4, 
10-12). Spontaneous HBeAg and HBsAg seroconversion rates oc-
cur at an average rate of approximately 10%–16% and 0.6%–1% per 
year, respectively (1, 4, 10-13). Spontaneous HBeAg seroconversion 
rates have also been reported to be <2% per year among children 
aged ≤3 years and 4%–5% per year in older children (>3 years) (13). 
In the present study, the spontaneous HBeAg seroconversion rate 
was 30.9% and spontaneous HBsAg seroconversion rate was 5.7%, 
and these seroconversion rates did not change according to age.

Long-term follow-up studies of adult inactive HBsAg carriers 
have shown that infection in these patients rarely progresses to 
cirrhosis or HCC (14). Patients who clear HBeAg with sustained 

reduction of HBV DNA, ALT normalization, and eventually HB-
sAg loss have a very low risk of developing HCC and have in-
creased survival compared with patients with cirrhosis and per-
sistent high levels of HBV replication. Cirrhosis is infrequent, its 
incidence is estimated to be 3%–4% in cohort studies (11, 15), and 
it has been reported to be an early complication. Among the 5 
patients with cirrhosis, 3 were aged <4 years. 

Hepatitis B virus DNA and ALT levels persistently or intermit-
tently increase in some patients who undergo HBeAg sero-
conversion. These patients have a naturally occurring mutant 
form of HBV that abolishes or down-regulates the HBeAg pro-
moter region (4) and are redetermined as having HBeAg-neg-
ative CHB. Progression to HBeAg-negative chronic hepatitis 
due to HBV variants not expressing HBeAg occurs at a rate of 
1–3 per 100 person-years following HBeAg seroconversion (2). 
These patients have the ability to significantly replicate HBV 
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TABLE 2. The association between seroconversion rates and clinical features and laboratory parameters  

                                                   HBeAg (+) patients                                                 HBeAg (–) patients  

                                                      (n=241)                                                   (n=80)

 Treated Untreated Treated Untreated

 (n=141) (n=100) (n=3) (n=77) P

Age (mean±SD) 8.2±3.9 8.9±4.1 5.5±4.27 10±3.8 0.81

Gender (M/F) 90/51 (1.7:1) 60/40 (1.5:1) 2/1  (2:1) 45/32 (1.4:1) 0.61

Vaccination status  

Yes 130 (92%) 94 (94%) 3 (100%) 75 (97.4%) 0.68

No 11 (7.8%) 6   (6%) 0 2 (2.5%) 0.34

Hepatomegaly 10 3 2 0 1.00

Splenomegaly 8 1 0 1 1.00

Ascites 3 0 1 0 1.00

Cirrhosis 5 0 0 0 1.00

Total bilirubin 0.8±0.76 0.7±0.61 0.9±0.62 0.8±0.35 0.91

AFP 591±504.9 540±470.2 536±450.3 520±460.1 1.00

Serum albumin 4.0±0.6 4.0±0.5 4.1±0.6 4.0±0.5 1.00

AST 104±158.6 72.7±144.7 38.6±16.2 113.9±269.2 0.82

ALT 114.6±152 89.2±121.1 54.3±23.1 126.8±306 0.56

HBV DNA 9455±12323 11224±14018 4589±2635 3973±8911 1.00

HAİ 

Minimal 22 (15.2%) - 1 (33.3%) - 1.00

Mild 68 (47.2%) - 0 - 1.00

Moderate 34 (23.6%) - 1 (33.3%) - 1.00 

Severe 20 (13.8%) - 1 (33.3%) - 1.00

Fibrosis stage

None 12 (8.3%) - 1 (33.3%) - 1.00

Minimal 90 (62.5%) - 1 (33.3%) - 1.00

Mild 30 (20.8%) - 1 (33.3%) - 1.00

Moderate 11 (7.6%) - 0 - 1.00

Severe 1 (0.69%) - 0 - 1.00

AFP: alpha-fetoprotein; ALT: alanine aminotransferase; AST: aspartate aminotransferase; HAI: hepatic activity index; HBeAg: hepatitis B e antigen; 
HBsAg: hepatitis B surface antigen 
p<0.05 is statistically significant



in the presence of anti-HBe, even when ALT levels are normal. 
HBeAg-negative CHB is not typically acquired as a de novo in-
fection, although there is reportof transmission of precore mu-
tant HBV (16). Sustained spontaneous remission is uncommon 
in patients with HBeAg-negative CHB (6%–15%), and the long-
term prognosis is poorer in HBeAg-negative patients than in 
HBeAg-positive patients (16). In our study, 32.5% of HBeAg-neg-
ative patients had HBV DNA positivity. 

It has been reported that ALT is a poor predictor of outcomes 
and that IFN alone is not an appropriate indication for thera-
py (3, 17). The best predictors of adverse outcomes and treat-
ment responses are HBV DNA levels in hepatitis B carriers (1, 
17). ALT activity may be independently related to body mass 
index, sex, geographic origin, genotype, and abnormal lipid and 
carbohydrate metabolism, and ALT increases also occur during 
spontaneous HBeAg loss, in association with other viruses (18). 
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FIGURE 1. Distribution of HBsAg-positive patients 
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Keeffe et al. (18) reported that higher seroconversion rates are 
observed in patients who have high pretreatment serum ALT 
and HBV DNA levels than the patients who have normal serum 
ALT and HBV DNA levels. In our study, higher HBeAg serocon-
version rates were also observed in patients with high pretreat-
ment serum ALT and HBV DNA levels than in other patients, but 
spontaneous seroconversion rates were not different in these 
patients than other patients.

The primary aim of antiviral therapy is the elimination and dura-
ble suppression of serum HBV DNA to the lowest levels possible 
(maximally <104 and preferably <103) and prevention of the pro-
gression of liver diseases to cirrhosis (17). It has also been report-
ed that, compared with no antiviral therapy, antivirals improve 
the HBV DNA suppression and frequency of ALT normalization 
and HBeAg seroconversion in children with CHB (18). IFN lacks 
resistance, is expensive, has to be administered via injections, 
and has many side effects such as flu-like symptoms, nausea, 
vomiting, anemia, autoimmune diseases, mood disorders, stroke 
and increased infections . Lamivudine is well tolerated, safe, 
and efficient, but it is also associated with high rates of resis-
tance; therefore, it is not recommended as a first-line therapy in 
HBeAg-positive patients (19-23).

Fattovich et al. (15) and Iorio et al. (24) reported that antiviral 
treatment does not significantly influence HBeAg clearance, 
whereas Komatsu et al. (25) reported that antiviral treatment 
can accelerate the achievement of HBeAg seroconversion in 
children. HBeAg seroconversion rates have been reported to 
be 76%–86% in treated patients and 37%–75% in untreated 
patients (5, 19). Although some trials have suggested that com-
bination therapy with IFN alpha-2a and lamivudine results in 
higher rates of HBeAg seroconversion, HBV DNA undetectabil-
ity, and ALT normalization than those obtained by treatment 
with lamivudine alone (26-28), some trials have suggested no 
benefit and advantages of combination therapy over treatment 
with IFN alone with respect to HBeAg seroconversion in accor-
dance with our study (29, 30).

HBeAg seroconversion rates have been reported to be 16%–
40% with lamivudine treatment (31-32). Keeffe et al. (19) com-
pared seroconversion rates according to the given treatment 
(IFN and lamivudine) and found that HBeAg seroconversion 
rates are 18% with INF and 16%–18% with lamivudine and that 

HBsAg seroconversion rate is 11%–25% with IFN. When com-
pared, our seroconversion rates were higher at 46% with IFN 
alone and 44% with combined therapy with respect to HBeAg 
seroconversion. HBsAg seroconversion rates were similar at 
10.7% with IFN alone and 11.1% with combined therapy. In our 
study, although the highest seroconversion rate was obtained 
with IFN alpha-2a treatment alone (n=29, 53.7%, p=0.0001), it 
is thought that it would not be used as a single agent in the 
treatment of CHB because of antiviral drug resistance. There 
was no difference in HBsAg seroconversion rates and sero-
conversion times between treated and untreated patients in 
our study.

It has been reported that the progression of liver diseases, peri-
natal transmission, and response to antiviral drugs may be in-
fluenced by genotypes (3). Keeffe et al. (19) recommended that 
patients should be routinely genotyped to help identify patients 
who may be at a greater risk for disease progression, particu-
larly those who are the most appropriate candidates for treat-
ment with IFN. The limitation of our study was that viral geno-
typing and sequence analysis were unavailable at our hospital.

In conclusion, a total of 30.9% patients underwent spontaneous 
HBeAg seroconversion and the spontaneous HBsAg serocon-
version rate was 5.7%. No significant difference was observed 
between treated and untreated patients with respect to sero-
conversion rates and seroconversion times. Further well-de-
signed prospective studies are needed to clarify the natural 
course of CHB and predictors of disease progression, such as 
HBV genotypes, mutants, and viral load, for improving the man-
agement of children with CHB.  
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