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Background. Transmission of hepatitis B virus (HBV) from carrier mothers to their babies appears to be one
of the most important factors influencing the prevalence of chronic HBV infection in areas of high hepatitis B
endemicity.

Methods. Infants born to HBV surface antigen (HBsAg)–positive mothers who were or were not positive for
HBV e antigen (HBeAg) or to mothers who were negative for both HBsAg and HBeAg have been followed for
17 years for serological evidence of HBV infection. These infants were divided into 2 groups on the basis of their
hepatitis B vaccination protocols: group 1 received vaccine at birth and 1, 2, and 12 months later, and group 2
received vaccine at birth and 1 and 6 months later. Follow-up involved annual clinic visits, during which a blood
sample was taken and analyzed for the presence of HBsAg, antibody to HBsAg, and antibody to HBV core antigen
(HBcAg). Selected blood samples that tested positive for HBV markers during �2 consecutive visits separated by
a long interval were further investigated by polymerase chain reaction to detect HBV DNA.

Results. Transient presence of HBsAg or transient and/or long-term presence of antibody to HBcAg suggested
that this population was heavily exposed to HBV during the follow-up period. Despite these findings, no new
cases of chronic HBV infection were observed. None of the subjects with transient presence of HBsAg had any
clinical symptoms of liver disease.

Conclusions. This study demonstrates the efficacy of the HBV vaccine and its ability to protect against symp-
tomatic disease.

Hepatitis B is recognized as a serious public health

problem worldwide. It is estimated that 2 billion people

have serological evidence of hepatitis B virus (HBV)
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infection and that 350 million people are chronically

infected with HBV [1–3]. Epidemiologic studies in the

1970s and 1980s demonstrated the correlation between

chronic HBV infection and chronic liver disease, in-

cluding hepatocellular carcinoma [4, 5]. The frequency

and pattern of HBV transmission vary markedly across

the world. In areas of high hepatitis B endemicity, such

as Southeast Asia, the prevalence of HBV carriage is

high, and infection during infancy and early childhood

is common [6]. The risk of perinatal infection is higher

when the mother, at the time of delivery, is serologically

positive for HBV e antigen (HBeAg), which is linked

with high serum concentrations of HBV DNA [7]. If

a mother is positive for both HBV surface antigen

(HBsAg) and HBeAg at the time of delivery, her chil-

dren have a 70%–90% risk of becoming chronically

infected [8]. Consequently, the long-term sequelae of
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Table 1. Typical interpretation of serological test results for hepatitis B virus (HBV) infection.

Test results, by antigen

InterpretationHBsAg Total anti-HBc Anti-HBs

Negative Negative Negative Never infected
Positive Negative Negative Early acute infection; transient up to 18 days after infection
Positive Positive Negative Acute or chronic infection depending on the timing of the cohort

study or the supportive anti-HBc IgM result
Negative Positive Positive or negative Acute resolving infection
Negative Positive Positive Recovered from past infection and immune
Negative Positive Negative False positive (i.e., susceptible); past infection; low-level chronic

infection or passive transfer of anti-HBc to infant born to
HBsAg-positive mother

Negative Negative Positive Immune if anti-HBs concentration is �10 mIU/mL; passive trans-
fer after HBV immunoglobulin administration

NOTE. Data are from a report by Mast and Ward [7]. Anti-HBc, antibody to HBV core antigen; anti-HBs, antibody to HBsAg; HBsAg,
HBV surface antigen; IgM, immunoglobulin M.

chronic HBV infection (i.e., chronic active hepatitis, cirrhosis,

and hepatocellular carcinoma) are major causes of morbidity

and mortality among adults in hepatitis B–endemic regions of

the world [9, 10].

All major health authorities agree that the most effective

approach to reducing the burden of hepatitis B is to prevent

HBV infection. Since 1992, when the World Health Organi-

zation recommended that HBV vaccine be integrated into na-

tional immunization programs by 1997, there has been a world-

wide effort to reduce the transmission of HBV [11].

We report data obtained during long-term follow-up (du-

ration, 15–17 years) from 3 ongoing prospective studies to

determine the protection induced by a monovalent hepatitis B

vaccine (Engerix-B; GlaxoSmithKline Biologicals) administered

to neonates born to mothers classified on the basis of HBsAg

and HBeAg serostatus. Data obtained previously from these

trials have been published elsewhere [12–16].

SUBJECTS, MATERIALS, AND METHODS

Healthy infants born to HBsAg-positive mothers who were or

were not positive for HBeAg or to mothers who were negative

for both HBsAg and HBeAg were enrolled in the 3 neonatal

primary vaccination studies (i.e., HBV-064, HBV-115, and

HBV-143) after written informed consent was obtained from

their mothers. All 3 studies were conducted in Thailand; ap-

proved by the ethics committee of the Faculty of Medicine,

Chulalongkorn Hospital; and conducted in accordance with

the Declaration of Helsinki and the standards of Good Clinical

Practice.

The primary studies aimed to evaluate the antibody response

associated with different vaccination schedules, which, for a

subset of infants, included administration of HBV immuno-

globulin at birth. Infants received a vaccine containing 10 mg

of recombinant HBV �12 h after birth and again 1, 2, and 12

months later or 1 and 6 months later. During the primary phase

in the 2 studies (HBV-064 and HBV-115) for which the final

primary dose was administered 12 months after birth, blood

samples were taken at the time the first dose was administered

and 2, 6, 9, 12, and 13 months later. For the third study (HBV-

143), in which participants were vaccinated at birth and 1 and

6 months later, blood samples were obtained at the time the

first dose was administered and 1, 2, 6, and 9 months later.

Follow-up is ongoing and scheduled to end 20 years after re-

ceipt of the first vaccine dose. Participants annually visit the

study site, where blood samples are taken and assayed for the

presence of HBV markers. The present article describes the

observations made on pooled data collected during 15–17 years

of follow-up. Data from 15 years of follow-up were available

for 117 subjects, data from 16 years of follow-up were availa-

ble for 20, and data from 17 years of follow-up were available

for 45.

Serum samples were analyzed for the presence of HBsAg,

antibodies to HBsAg (anti-HBs), and antibodies to HBV core

antigen (anti-HBc) at all time points during which blood sam-

ples were collected, using commercial immunoassay kits. Aus-

zyme II/AusriaII was used to detect HBsAg, AxSYM CORE was

used to detect total anti-HBc, and AUSAB was used to detect

anti-HBs (all 3 assays were produced by Abbott Diagnostics).

For blood samples that tested positive for HBsAg and/or anti-

HBc, polymerase chain reaction (PCR) analysis was used for

detection of HBV DNA.

Data were reviewed to investigate whether, regardless of their

mother’s HBV antigen status, their primary vaccination sched-

ule, or their receipt of HBV immunoglobulin at birth, subjects

who were exposed to HBV developed clinically apparent HBV

infection. The course of HBV infection is typically tracked using

the serological markers shown in table 1. Serological data in

this study were manually reviewed, and resulting immunolog-
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Figure 1. Flow chart depicting immunological patterns observed among participants in a study to determine the long-term benefit of hepatitis B
vaccination. anti-HBc, antibody to HBV core antigen; HBsAg, HBV surface antigen; HBV, hepatitis B virus.

ical patterns were classified as outlined in figure 1. Positive

results of serological tests for detection of HBsAg and anti-HBc

were used as indicators of HBV infection. Seroconversion was

defined as the appearance of a serological marker in the serum

of subjects who had previously been seronegative. A seroneg-

ative subject was classified as one who had no detectable serum

markers. An unexpected increase in the anti-HBs level between

2 consecutive follow-up visits (neither of which was associated

with receipt of vaccine) was defined as a 4-fold increase in the

anti-HBs concentration, when the concentration in the first

sample was !100 mIU/mL, and as a 2-fold increase, when the

concentration in the first sample was �100 mIU/mL.

The following patterns were identified in the study: (1)

chronic HBV infection: seropositivity for anti-HBc and HBsAg

at all time points; (2) infection during the first year of life:

seroconversion for anti-HBc during the first year of life and

seropositivity at all consecutive time points; (3) infection oc-

curring after the first year of life: seroconversion for anti-HBc

after the first year of life and seropositivity for anti-HBc at all

consecutive time points; (4) isolated anti-HBc seropositivity;

(5) isolated HBsAg seropositivity; and (6) not infected: no test

positive for HBsAg or anti-HBc, except for subjects with iso-

lated anti-HBc positivity up to month 13 of follow-up, for

whom a test positive for anti-HBc was considered indicative

of passive transfer of maternal antibodies.

RESULTS

Of the 428 subjects enrolled in the 3 primary studies, 272 did

not receive an HBV vaccine booster and were considered for

this report. Of these 272 subjects, 204 had data from at least

2 long-term follow-up visits (i.e., visits after the primary vac-

cination phase) and were eligible for inclusion in the current

review. Table 2 shows the characteristics of the cohort, including

HBV vaccination history and maternal serological status. The

mean age (�SD) of subjects who returned for the follow-up

visits at years 15–17 ranged from years to14.5 � 0.5 16.6 �

years. More than 10,110 serological readouts were available0.5

from the follow-up visits.

Of the 204 subjects with data available, 131 had either no

signs of HBV exposure or had isolated anti-HBc positivity lim-

ited to the first 13 months of age. This profile is compatible

with a passive transfer of anti-HBc antibodies from mother to

child and was primarily observed in infants born to HBsAg-

positive mothers.

Six subjects were seropositive for HBsAg and anti-HBc at all

available time points during or after the first year of life, as

previously reported [12, 13]. These subjects were considered

to have acquired chronic HBV infection at birth or before

completing the vaccination course, an hypothesis that accords

with previously published reports of chronic HBV infection

[17]. Mothers of all 6 chronically infected subjects were pos-

itive for both HBsAg and HBeAg. Only 2 of 6 subjects had

responded to vaccination by achieving an anti-HBs concentra-

tion of �10 mIU/mL, the concentration considered protective

against disease.

An additional 53 subjects were seropositive for anti-HBc at

some time point after month 12. Despite detection of anti-HBc

at all time points in some subjects and intermittent detection

of anti-HBc in others, none had clinical signs of infection. PCR
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Table 2. Characteristics of groups in primary studies to determine the long-term benefit of hepatitis B vaccination.

Primary study, group

Enrolled
subjects,

no.
Vaccination
schedule

Mother’s HBV anti-
gen serostatus

HBV Ig
detected
at birth

Duration of
follow-up

(no. of subjects
considered for review)HBsAg HBeAg

HBV-064 0, 1, 2, 12 months 17 years (82)
1 46 … Positive Positive No …
2 52 … Positive Negative No …
3 24 … Negative Negative No …

HBV-115 0, 1, 2, 12 months 16 years (55)
1 66 … Positive Positive Yes …

HBV-143 0, 1, 6 months 15 years (67)
1 43 … Positive Positive Yes …
2 41 … Positive Positive No …

NOTE. HBeAg, HBV e antigen; HBsAg, HBV surface antigen; HBV, hepatitis B virus; Ig, immunoglobulin.

Table 3. Detection of hepatitis B virus (HBV) serological mark-
ers before, at the time of, and after the unexpected increase in
the level of antibody to HBV surface antigen (HBsAg).

Marker

Cases detected, %

Before
increase

At the time
of increase

After
increase

HBsAg 3.3 1.6 1.6
Anti-HBc 14.7 22.9 18.0
HBV DNAa 1.6 0 0

NOTE. Data are for 61 cases of an unexpected increase (involving 56
subjects). Anti-HBc, antibody to HBV core antigen.

a Detected by polymerase chain reaction.

findings were available for 28 of these subjects. Twenty-two

tested negative, and only 6 tested positive for HBV DNA.

Eight subjects were seropositive for HBsAg at 1 or 2 isolated

time points. For 4 subjects, this result was associated with de-

tection of HBV DNA by PCR, whereas for the other 4, no other

HBV markers were detected. No interpretable results of HBsAg

testing were available for 45 subjects.

Serological signs of HBV infection were not consistently as-

sociated with increases in levels of circulating anti-HBs. Also,

some subjects showed serological evidence of HBV infection

despite having an anti-HBs level of up to 110,000 mIU/mL.

Furthermore, increases in the anti-HBs concentration were ob-

served independent of vaccine administration or other changes

in immunological patterns suggestive of infection or challenge

with HBV. Among the 204 subjects included in the analyses,

61 cases (involving 56 subjects) of unexpected increase in anti-

HBs were observed. Evaluation of the serological status in terms

of anti-HBc test results, HBsAg test results, and PCR results at

the time points immediately before, immediately after, and at

the time of the unexpected increase in the anti-HBs concen-

tration showed no obvious correlation with any other serolog-

ical signs of infection (table 3).

This study was not designed to analyze the patterns observed

as a function of the primary vaccination schedules. However,

there was no indication that the patterns observed differed

according to the primary vaccination schedule.

DISCUSSION

The purpose of this study was to observe the protection induced

by HBV vaccine when administered during infancy to subjects

born in an area of high hepatitis B endemicity to HBsAg-

positive mothers who were or were not positive for HBeAg or

to mothers who were negative for both HBsAg and HBeAg.

This study was not designed to analyze the patterns observed

as a function of the vaccination schedules. However, there was

no indication that the patterns observed differed according to

the primary vaccination schedule. Likewise, no obvious differ-

ences were observed between subjects who received HBV im-

munoglobulin at birth and those who did not. Furthermore,

children of HBsAg- and HBeAg-positive mothers were more

likely to have maternal antibodies detected than were those

whose mothers had a different serostatus.

Data encompassing up to 17 years of follow-up showed that

6 of 204 teenagers evaluated had serological evidence of chronic

HBV infection but that none of the 6 had developed clinical

illness by the final time point of observation. Factors that were

associated with most of the chronic HBV infections were in-

ability to respond to vaccination with a protective level of HBV

IgG antibodies and having a mother who was positive for both

HBsAg and HBeAg.

Furthermore, among an additional 53 subjects who were

seropositive for anti-HBc either consistently or intermittently

(evidence of natural infection), no clinical symptoms were ex-

perienced, with intermittent viremia detected only in a few.

These cases could have represented mild, aborted, or occult

infections. This suggests that the duration of the viremic phase

of the natural infection was short, which further suggests little
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risk for transmission to others and no risk for long-term vi-

remia (i.e., chronic disease).

Detection of HBsAg and HBV DNA in isolated samples pos-

sibly indicated rapidly eliminated infection. Occult hepatitis is

defined by the persistent presence of HBV DNA in serum or

liver in the absence of HBsAg [18, 19]. Because only HBsAg-

positive and/or anti-HBc–positive samples were analyzed for

HBV DNA, this study did not allow the detection of persistent

HBV DNA in subjects who lacked other immunological signs

of HBV infection.

The observed increases in the anti-HBs concentration in sub-

jects who had not recently received vaccine, who had no other

changes in serological HBV markers, and/or who lacked clini-

cal symptoms of acute hepatitis are believed to represent nat-

ural challenges with HBV in this population. The presence of

HBsAg-specific memory cells after HBV vaccination is sug-

gested by epidemiological data in a number of studies that

showed the absence of disease in vaccinated populations and

is proven by demonstration of an anamnestic response after

revaccination [20, 21]. These data indicate that this study pop-

ulation has had frequent challenges from HBV, including brief

viral incubation, aborted infections, and immunological pat-

terns compatible with acute infection. Of primary interest was

that no clinical symptoms of HBV disease were observed over

the extended follow-up period.

The results of this study indicate that HBV vaccination con-

fers persistent clinical protection against HBV infection to re-

cipients for at least 17 years and have important implications

for older adolescents and young adults who received postex-

posure prophylaxis against HBV infection as infants in areas

of high endemicity. Data imply that there is no need for booster

doses of HBV vaccine in such areas, which is especially im-

portant in resource-poor countries. Although these results may

not be universally applicable to areas of low endemicity, they

are very encouraging. It must also be recognized that isolated

anti-HBc and/or HBsAg positivity could have been false-pos-

itive results and thus must be interpreted cautiously. However,

other studies involving long-term follow-up (duration, 10–18

years) of infants, children, and adults from industrialized and

developing counties who were vaccinated against HBV have

shown that detection of HBsAg was rare and, if present, only

transient. Six vaccine recipients acquired a chronic carrier state

in the first year of life, as described elsewhere [22–24]. During

the 17 years of postvaccination follow-up, no new cases of

chronic HBV carriage were reported.

From this ongoing long-term study that will terminate after

20 years of follow-up, additional information will be gathered

on the duration of the protective effects of HBV vaccination

in subjects whose immune response is repeatedly challenged

through contact with HBV.
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