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Original Studies

Background: the duration of protection after hepatitis B vaccination in 
early infancy is unclear and may be related to vaccination schedule, dosage, 
vaccine type and population characteristics. Factors potentially influencing 
waning immunity were assessed.
Methods: a systematic review was performed. the main outcomes were 
prevalence of anti-hepatits B antibodies ≥ 10 miu/ml after primary or 
booster vaccination. Factors potentially influencing protection were assessed 
in an adjusted random-effects meta-analysis model by age for both out-
comes. results of both meta-analyses were combined in a prognostic model.
Results: Forty-six studies reporting on the anti-hepatits B antibodies ≥ 
10 miu/ml 5 to 20 years after primary immunization and 29 on booster 
response were identified. the adjusted meta-analyses identified maternal 
carrier status (odds ratio [Or]: 2.37 [1.11; 5.08]), lower vaccine dosage than 
presently recommended (Or: 0.14 [0.06; 0.30]) and gap time between last 
and preceding dose of the primary vaccine series (Or: 0.44 [0.22; 0.86]) 
as determinants for persistence of anti-hepatits B antibodies ≥ 10. a lower 
vaccine dosage was also associated with failure to respond to booster (Or: 
0.20 [0.10; 0.38]). the prognostic model predicted long-term protection of 
90% [77%; 100%] at the age of 17 years for offspring of noncarrier mothers 
vaccinated with a presently recommended dose and vaccination schedule.
Conclusions: Based on meta-analyses, predictors of waning immunity 
after hepatitis B vaccination in infancy could be identified. a prognostic 
model for long-term protection after hepatitis B vaccination in infancy 
was developed.

Key Words: hepatitis B, infant vaccination, booster, long-term protection, 
determinants of protection
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Although hepatitis B vaccination is highly effective, vaccina-
tion failures leading to acute1–5 and sometimes chronic infec-

tion5–8 have been observed. although infections occurring within 
a short time interval after vaccination are likely to reflect primary  

vaccination failure1,4 due to nonresponse, those occurring after 
decades are likely to reflect secondary vaccination failure due to 
waning immunity. anti-hepatits B antibodies [anti-HBs] ≥ 10 miu/
ml either after primary vaccination or as response to booster if 
the antibody concentrations have fallen below are widely accepted 
marker of protection after hepatitis B vaccination.9–11 immunity 
against hepatitis B gives protection against infection and protec-
tion against disease.12–14 Protection against infection is based on 
the presence of anti-HBs ≥ 10 miu/ml. after vaccination against 
hepatitis B, the proportion of individuals with anti-HBs ≥10 miu/
ml is highly dependent on the time elapsed since primary vacci-
nation. individuals whose anti-HBs concentrations dropped below 
a level of 10 miu/ml are not protected any more against infec-
tion with hepatitis B virus. However, they are not at risk of hepatic 
disease as long as they have hepatitis B surface antigen (HBsag)-
specific immune memory. Memory persists beyond the time during 
which anti-HBs is present and protects against clinically relevant 
disease.12–14 in case of hepatitis B virus exposure, memory rapidly 
leads to a vigorous anamnestic response, which prevents acute dis-
ease, prolonged viremia and chronic infection. specific memory 
after hepatitis B vaccination is demonstrated by an anamnestic anti-
HBs response after vaccination with an additional vaccine dose.15 
this dose acts as a booster leading to a rapid increase in anti-HBs 
in most of individuals who had successfully responded to the initial 
series of vaccinations. Persistence of immune memory is appeared 
to be related also to the time after primary vaccination.16

in most countries with universal hepatitis B vaccination, 
vaccine is given in infancy.17 We, therefore, focused our study on 
the duration of protection after infant immunization. although 
quite a number of studies exist dealing with the persistence of 
anti-HBs after primary immunization or analyzing the response to 
a booster dose after anti-HBs has dropped below 10 miu/ml18–26, 
there is no systematic investigation assessing determinants for wan-
ing immunity.

Persistence of anti-HBs ≥ 10 miu/ml and response to 
booster vaccination19,21,23 may be related to vaccine dosage,27–30 
beginning of the primary vaccine regime (at birth or later in  
infancy),22,28,29,31–33 timing of the last vaccination of the primary 
series (ie, the gap time between last and preceding dose),4,33 num-
bers of vaccine doses given as primary vaccine series4 and use of 
plasma-derived or recombinant vaccines.4,8,11,19,28,31–37 Finally, both 
parameters may also be influenced by the prevalence of hepatitis 
B infection in the population and the HBsag carrier status of the 
mothers in the country.6,7,11,21,22,28–33,35,37,38 all these studies, however, 
are difficult to compare because results are influenced by a mixture 
of causes as well as by different follow-up periods.

Based on a systematic review on studies providing 
information on the duration of anti-HBs ≥ 10 miu/ml persistence 
after hepatitis B vaccination started within the first 6 months of life 
and on the response to booster vaccination in individuals with anti-
HBs concentrations <10 miu/ml, we performed meta-analyses to 
identify relevant factors for duration of protection. a prognostic 
model to predict the proportion of vaccinated individuals likely to 
be protected is presented.
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METHODS
Case Definitions

Proportion of children/adolescents with anti-HBs titers ≥ 
10 miu/ml; proportion of children/adolescents with a response 
to booster vaccination (anti-HBs titers ≥ 10 miu/ml among those 
with prior anti-HBs titers < 10 miu/ml).

Description of Search Strategy
studies were identified through searches of the 3 databases 

Medline, eMBase and Cochrane library of Clinical trials and 
additionally by hand search in relevant publications in september 
2011. any study published in english was eligible if reporting data 
on children who were vaccinated with a hepatitis B vaccine and 
had their first dose before an age of 6 months. the search syntax 
was: (Hepatitis B [all Fields]) and (Vaccine Or vaccination Or 
immunization [all Fields]) and (immunogenicity Or immunity 
Or antibody Or waning [all Fields]) and (infants Or children 
Or adolescents Or toddler Or newborn Or birth Or cohort [all 
Fields]).

Data Extraction
two independent reviewers read the titles and abstracts of all 

retrieved articles according to the inclusion criteria. disagreement 
regarding the relevance of specific articles prompted second review 
of the titles/abstracts and was resolved by consensus.

data collected were name of authors, name of journal, coun-
try of the study, age of the subjects at follow-up, HBsag carrier 
status of mothers, response to primary immunization, vaccination 
schedule, types of vaccines used, dosage, number of children tested 
and number and percentage of children with detectable anti-HBs, 
type and dosage of booster dose if applicable. in case of missing 
data, the corresponding study authors were contacted.

any observational studies (cross-sectional or cohort stud-
ies) reporting proportions of anti-HBs titers ≥ 10 miu/ml with or 
without information on response to a booster dose in subjects who 
had been vaccinated against hepatitis B in infancy were considered. 
We excluded all studies if the 1st vaccination was given later than 
6 months of age, if the follow-up was shorter than 5 years, if not 
all children were vaccinated in the reported (sub-) populations or 
if the age range within reported age groups was ≥ 5 years. Further-
more studies were not included if a booster dose was given between 
completed infant vaccination schedule and age at follow-up or if 
the vaccine was not given by intramuscular injection. additionally, 
we did not include studies with inconsistent data or not reporting 
original data (review or editorial letter).

determinants considered to assess the decrease of anti-HBs ≥  
10 miu/ml were responder status (anti-HBs antibody titers ≥ 10 
miu/ml after primary vaccination), maternal carrier status (HBsag 
positive versus negative), prevalence of chronic hepatitis B infec-
tion (as outlined in [39]) in the study country, vaccine type (recom-
binant or plasma derived), timing of first vaccination and vaccina-
tion schedules (number of vaccine doses; gap time between last 
and preceding dose of hepatitis vaccination <6 months, 6 to 8 or >  
8 months). the booster response was defined by antibody titers ≥  
10 miu/ml 1 week after the booster administration or later.

Statistical Analyses
We calculated multivariate random-effects models to control 

for study-specific uncertainties on a binary outcome (proportions of 
individuals with anti-HBs ≥ or < 10 miu/ml) applying generalized 
mixed effects models with a random intercept allowing for adjust-
ment for potential protective or risk factors as previously applied 
in meta-analyses of observational and registry bases studies.40,41 
Variables supposed to be associated with protection by hepatitis B 

vaccination in univariate analyses (P < 0.05) were included in the 
multivariate random-effects models by backward selection. apply-
ing this approach allows to include all studies irrespective of the 
vaccinees’ age at follow-up and to adjust for confounding by a 
number of different study characteristics.

the logarithmized random-effects models were calculated 
with the underlying formula p = exp(η)/(1 + exp[η]). For model 
estimation, the independent variable age was centered (subtracting 
the mean age from age of each case). For all analyses a significance 
level of 0.05 was applied. the final models were selected by p-level 
based backward selection.

in order to identify the population of individuals protected by 
either anti-HBs ≥ 10 miu/ml or response to booster, we combined 
the results of the respective meta-analyses. the proportion of indi-
viduals likely to be protected was calculated as proportion

protected
 =  

proportion
with anti-HBs titers ≥ 10 miu/ml

 + propotion
with anti-HBs titers < 10 miu/ml

 × 
proportion

with response to booster
.

sensitivity analyses were conducted for both meta-analyses 
based on the methodological quality of the included studies (vac-
cination status of population, age at assessment, losses to follow-
up) according to the gate statement (graphic appraisal tool for 
epidemiological studies).42 Calculations were performed with r 
2.13.0 by using glmer (package lme4, Vienna, austria).

RESULTS
an overview of the literature search strategy is depicted in 

Figure, supplemental digital Content 1, http://links.lww.com/inF/
B407. table, supplemental digital Content 2, http://links.lww.com/
inF/B408, summarizes all studies reporting anti-HBs ≥ 10 miu/
ml in 5 to 20 years old vaccinees. Because several studies reported 
on >1 subpopulation, all relevant subpopulations are listed sepa-
rately. Measurement of the same individuals at different time points 
reported in 12 subpopulations was given a supplemental identifier 
in the random effects model. the analysis was confined to studies 
with full information on potential confounders leaving 55 subpopu-
lations on 28,329 individuals, 15,944 (56.3%) with anti-HBs ≥ 10 
miu/ml at the respective time of measurement.

Figure 1 shows the proportions of individuals with  
anti-HBs ≥ 10 miu/ml by size of study population and age of the 
individuals which decrease by age. although most big studies were 
close to the estimated waning curve, the smaller studies scattered 
more widely and equally above and below.

in 13 subpopulations1,2,28,29,32,33 on 982 individuals aged 
between 5 and 17.7 years reporting proportions of anti-HBs ≥ 10 
miu/ml were <25%. three characteristics were shared by most of 
these subpopulations: gap time between last and preceding dose 
of primary vaccination series <6 month, first dose of vaccine was 
given at birth and vaccination with a lower than the presently rec-
ommended dose.

subpopulations with proportions of anti-HBs ≥ 10 miu/
ml >90% until the age of 13 years or >60% thereafter had been 
vaccinated with a normal dose, with a gap time between last and 
preceding dose of primary vaccination >6 months and included 
offspring of carrier mothers. in 605 of them reported repetitive 
measurements in the same individuals at different time points.30

risk factors for the decrease in proportions of individuals 
with anti-HBs ≥ 10 miu/ml were assessed in univariate and multi-
variate analyses (table 1). We did not include the child’s responder 
status after the primary immunization in the analyses because 
responder status was only defined in 359 of 28,329 individuals. in 
univariate analyses, significant associations were observed with 
maternal carrier status, vaccine dosage, gap time between last 
and preceding dose of primary vaccination series <6 months and 
the number of vaccine doses. after mutual adjustment, only a gap  

http://links.lww.com/INF/B407
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time <6 months and a lower vaccine dosage were related with lower 
proportions of anti-HBs ≥ 10 miu/ml. Maternal carrier status was 
associated with higher proportions of anti-HBs ≥ 10 miu/ml.

table, supplemental digital Content 3, http://links.lww.com/
inF/B409, summarizes included studies on response to booster. all 
relevant subpopulation are listed separately. as in the meta-analysis 
on vaccinees showing anti-HBs ≥ 10 miu/ml 5 to 20 years after 
infant vaccination, we only included studies with full information 
on potential predictors. thus, we analyzed 42 subpopulations with 
3,235 individuals of whom 2,663 (82.3 %) responded to the booster 
vaccination.

Figure 2 shows the subpopulations reporting booster 
response by age (5 to 17.7 years). the distribution of the boxes scat-
ters around the estimated waning curve with small studies equally 
distributed above and below. three studies reported particularly 
low response to booster (67%)22 in 5-year-old children, 52%32 in 
9-year-old children and 44% in 15-year-old children.1 in 2 of these 
studies,1,32 children had received a lower than the presently recom-
mended vaccine dose at vaccination in infancy. the third study22 
was based on 3 children only vaccinated with a normal vaccine 
dose.

in univariate analyses, response to booster vaccination in 
children with anti-HBs < 10 miu/ml was significantly associated to 
primary vaccination with a lower than the presently recommended 
dose and the number of doses at primary immunization. these 
variables were considered in the multivariate meta-analyses. in 
the adjusted final model—in addition to age—only the lower dose 
remained significantly associated with a lower response to the 
booster dose (table 2).

Prediction of our model for subpopulations to be protected 
at different ages by risk status was compared with a major european 
study reporting anti-HBs ≥ 10 miu/ml and response to booster.24 
the point estimated for protection rate in this study was 98% after 
10 years as compared with 97% (95% confidence interval: 92%; 
100%) estimated in the prognostic model. Modeled protection rates 
up to an age of 17 years for offspring of non-HBsag carrier moth-
ers for different scenarios are shown in table 3. among offspring 
of noncarrier mothers vaccinated with a recommended dose and a 

FIGURE 1. Overall description of proportions of anti-HBs ≥ 
10 mIU/mL 5 to 20 years after the primary childhood vacci-
nation. The line represents the marginal fixed effect estimate 
for the waning curve of anti-HBs ≥ 10 mIU/mL based on the 
random effects model  for  children  vaccinated with hepati-
tis B vaccine in infancy. The boxes represent the size of the 
study population.

TABLE 1. Stratified and Adjusted Analyses of Determinants Potentially Influencing the Decrease of Anti-HBs ≥ 10 
mIU/mL 5 to 20 Years After the Primary Vaccination

Factors With a Potentially  
Influence Values N

Univariate (Stratified) Multivariate (Adjusted)

OR 95% CI OR 95% CI

Age at follow-up Metric variable 28329 0.83 [0.81; 0.85] 0.84 [0.82; 0.85]
Mothers HBsAg carrier status* Unspecified 21601 1.68 [0.71; 3.96] 1.33 [0.73; 2.40]

Positive 2142 4.14 [1.59; 10.75] 2.37 [1.11; 5.08]
Negative 4586 Ref Ref

Endemicity Endemic (intermediate and high) 24006 0.44 [0.19; 1.05] † †
Nonendemic (low) 4323 Ref † †

Vaccine type (infancy vaccination) Recombinant 12158 0.50 [0.23; 1.09] † †
Plasma derived 16171 Ref † †

Dosage of infancy vaccination (com-
pared to present recommendation)

Normal/high 27308 Ref Ref
Lower dose 1021 0.06 [0.03; 0.15] 0.14 [0.06; 0.30]

Time point of first vaccine dose At birth 24331 Ref † †
Second month of life or later 3998 2.06 [0.77; 5.52] † †

Vaccination schedule of infancy  
vaccination

Gap time between last and  
preceding dose <6 mo

3867 0.27 [0.12; 0.59] 0.44 [0.22; 0.86]

Gap time between last and  
preceding dose between 6 and 8 mo

8176 Ref Ref

Gap time between last and  
preceding dose >8 mo

16286 1.91 [0.80; 4.59] 1.19 [0.54; 2.63]

Numbers of vaccine doses 3 doses 11719 Ref

4 doses 16610 3.79 [1.68; 8.55] 1.02 [0.32; 3.27]

Significant results were printed in bold.
*1423 of 2142 (66%) offspring of documented carrier mothers received immunoglobulin in conjunction with the first dose of hepatitis B vaccination.
†Not included in multivariate model (no significant influence after the univariate/stratified analyses).
OR indicates odds ratio; CI, confidence interval.

http://links.lww.com/INF/B409
http://links.lww.com/INF/B409
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gap time between last and preceding dose of 6–8 months, for exam-
ple, 92% (95% confidence interval: 0.82; 1.00) were likely to be 
protected after 15 years. the proportion of individual likely to be 
protected was slightly reduced by a shorter gap time and consider-
ably reduced if a lower than recommended dose had been given for 
primary vaccination.

Failure to report losses to follow-up and potentially flawed 
or insufficient documentation of the vaccination status were con-
sidered as potential sources of bias.42 excluding these studies 
accounted for only marginal changes of the effect estimates in the 
multivariate analyses (data not shown).

DISCUSSION
the proportion of individuals with anti-HBs ≥ 10 miu/ml 

decreased by age confirming what is well known since many years. 
Consistently lower proportions were observed in children vacci-
nated with a lower than presently recommended dose. a gap time 
between last and preceding dose of primary vaccination series of <6 
months was associated with a lower proportion of individuals with 
protective anti-HBs. significantly higher estimates in offspring of 
carrier mothers were observed. the response to booster similarly 
decreased by age. the decrease was accelerated by vaccination 
with a lower vaccine dose than presently recommended given at 
primary vaccination. We developed a prognostic model on long-
term protection after primary hepatitis B vaccination in infancy.

a negative impact of vaccination with lower than presently 
recommended vaccine doses seems to be biological plausible and 
has been reported,29,30,43 whereas a higher dosage was related to 
higher and longer lasting anti-HBs concentrations.27,29,30

in offspring of carrier mothers, the proportion of individuals 
with anti-HBs ≥ 10 miu/ml was more than twice as high com-
pared with noncarrier mothers, whereas maternal carrier status 
was not related to the booster response. natural boosting by close 

contact to the carrier mother during infancy is believed to be instru-
mental.7,11,21,22,29–32,35,37,38

the association between longer gap time between the last 
and preceding dose of primary vaccination has been discussed 
in several other studies.29,33,44–46 this may be explained by a more 
mature immune system in older infants31,33 and maturation of the 
immune memory during the longer interval between the last 2 
doses as shown for polio, hepatitis B and hepatitis a vaccine in 
children and adults.44–46

differences in the protective effect of plasma versus recom-
binant vaccines have been under debate for a while.4,8,11,19,28,34,35,37,47 
Comparison of plasma and recombinant vaccines needs to take 
account of age at follow-up time, vaccination schedules and dos-
age. in our analysis, we did account for these confounding factors 
and could not identify differences between plasma and recombi-
nant vaccines. Previously reported differences are therefore might 
reflect differences in setting, vaccination protocol and ages at fol-
low-up or chance.4,8,28

the endemic status of the country was neither associated 
with a difference in waning proportions of individuals with anti-
HBs ≥ 10 miu/ml nor with the booster response. some of the 
unexpected findings regarding, for example, the seemingly lower 
vaccine effects in intermediate endemic countries must be inter-
preted in context with the vaccination protocols in the reported 
studies and possibly use of measures to prevent reexposure such 
as safer injections, blood supply and availability of barrier methods 
would prevent reexposure also. so higher penetration of interven-
tions to secure these might reflect still high endemicity (for years to 
come), but low transmission. in several studies from intermediate 
endemic countries, alaska in particular, vaccination programs were 
performed with a lower than the presently recommended vaccina-
tion dose.28,29,32,33

some authors reported lower proportions of individuals with 
anti-HBs ≥ 10 miu/ml if the first vaccine dose had been given 
directly after birth,22,29,32 whereas Mele et al48 failed to confirm such 
an association. Our meta-analyses are in accordance with the obser-
vations by Mele at al. therefore, a first dose at birth does not appear 
to be related to lower proportions of individuals with anti-HBs ≥ 
10 miu/ml, supporting the use of vaccination schedules starting 
at birth in order to attain higher vaccination rates and timely vac-
cination.

in the adjusted analyses, the number of doses given at pri-
mary immunization was neither significantly associated to the per-
sistence of anti-HBs ≥ 10 miu/ml nor to response to booster. Pre-
vious reports on the associations to the beginning of immunization 
and the number of administered doses might reflect confounding, 
for example, by a gap time <6 months between the last and the 
preceding dose of the vaccination series.29,30,32

to our knowledge, this is the first systematic review and 
meta-analysis on the long-term impact of factors influencing the 
duration of protection and on the response to a booster dose in 
individuals vaccinated against hepatitis B in infancy.42,49 the 
sensitivity analyses did not identify aspects of study quality, which 
might be relevant for the analyses. since we could not assess 
publication bias in a funnel plot, because funnel plot assessment 
cannot take account of differences in follow-up time, which is 
a major determinant for waning immunity, we scrutinized the 
distribution of small studies around the overall estimate of the 
waning curve. absence of potential publication bias is suggested 
in Figures 1 and 2: at any given age, the individual studies scatter 
equally around the best estimate as indicated by the waning 
curves. scattering is evidently not related to the size of the boxes. 
Heterogeneity was considered in the random-effects model by the 
intercept for study population and the covariates.50 Current methods 

FIGURE 2. Overall  description  of  the  booster  response  in 
children with proportions of anti-HBs < 10 mIU/mL 5 to 17.7 
years after the primary childhood vaccination. The line repre-
sents the marginal fixed effect estimate for the waning curve 
for booster response based on the random effects model for 
children vaccinated with hepatitis B vaccine in infancy. The 
boxes represent the size of the study population.
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for meta-analysis still leave a number of unresolved issues, such as 
the choice between fixed- and random-effects models, the choice of 
population distribution in a random-effects analysis, the treatment 
of small studies and extreme results, and incorporation of study-
specific covariates. these problems are all met in our systematic 
review. smith et al51 describe how likelihood-based or bayesian 
analyses can deal with these and other issues in a natural way. this 
technique is now well established and often used.52 a good model 
fit could be seen by variance reduction of the random effect in our 
analyses. the variance in the analysis of anti-HBs ≥ 10 miu/ml 
decreased from 2.33 in the empty model to 0.79 in the final model 
(adjusting for carrier status, vaccination dose and time gap between 
last and preceding dose) and in the analysis of the response to 
booster from 1.23 in the empty model to 0.34 in the final model 

(adjusting for vaccination dose). this means that a large part of the 
variation is explained by the predictors identified.

there is clear evidence from high-risk populations that the 
risk for breakthrough infections increases with time since vac-
cination.53 Peak anti-HBs titer correlate quite well with anti-HBs 
concentrations after 10 to 20 years, which are inversely corre-
lated to the frequency of seroconversion to anti-HBs indicating 
that protection against infection is a function of anti-HBs.9–11 
anti-HBs concentrations ≥ 10 miu/ml and booster response 
are widely used markers for protection against infection or dis-
ease.12,44,54 therefore, the proposed prognostic model, which 
allows for adjustment for risk and protective factors for waning 
immunity, is likely to reflect the increasing risk for infection after 
vaccination in infancy by age.

TABLE 2. Stratified and Adjusted Analyses of Determinants Potentially Influencing the Response to Booster 
Vaccination in Children With Anti-HBs < 10 mIU/mL 5 to 17.7 Years After the Primary Vaccination

Factors With a Potentially  
Influence Values n

Univariate Multivariate (Adjusted)

OR 95% CI OR 95% CI

Age at follow-up Metric variable 3235 0.83 [0.76; 0.91] 0.91 [0.85; 0.98]
Child’s responder status after primary 

vaccination
Yes 287 1.39 [0.61; 3.14] † †
Unspecified 2948 Ref † †

Mothers HBsAg carrier status* Unspecified 1776 1.04 [0.47; 2.30] † †
Positive 80 3.87 [0.89; 16.73] † †
Negative 1379 Ref † †

Endemicity Endemic (intermediate and high) 2037 0.49 [0.23; 1.06] † †
Nonendemic (low) 1198 Ref † †

Vaccine type (infancy vaccination) Recombinant 1655 0.99 [0.45; 2.18] † †
Plasma derived 1580 Ref † †

Dosage of infancy vaccination (compared 
with present recommendation)

Normal/high 2975 Ref Ref †
Lower dose 260 0.20 [0.10; 0.38] 0.20 [0.10; 0.38]

Time point of first vaccine dose At birth 2091 Ref † †
>1 mo of life 1144 1.69 [0.78; 3.69] † †

Vaccination schedule of infancy  
vaccination

Gap time between last and  
preceding dose <6 mo

574 0.52 [0.26; 1.06] † †

Gap time between last and  
preceding dose between 6 and 8 mo

1189 Ref † †

Gap time between last and  
preceding dose >8 mo

1472 1.34 [0.53; 3.38] † †

Numbers of vaccine doses at vaccination 
in infancy

3 doses 1766 Ref Ref
4 doses 1469 2.50 [1.04; 5.99] 0.79 [0.35; 1.81]

Vaccine type (booster vaccination) Recombinant 3232 10.45 [0.52; 208.97] † †
Plasma derived 3 Ref † †

Dosage of booster vaccination (compared 
with present recommendation)

Normal/high 2526 Ref † †

Lower dose 709 0.68 [0.32; 1.45] † †

Significant results were printed in bold.
*70 of 80 (88%) offspring of documented carrier mothers received immunoglobulin in conjunction with the first dose of hepatitis B vaccination.
†Not included in multivariate model (no significant influence in univariate/stratified analyses).
OR indicates odds ratio; CI, confidence interval.

TABLE 3. Proportions of Offspring of Noncarrier Mothers Likely to be Protected Against Hepatitis After Primary 
Vaccination in Infancy

Hepatitis B Vaccination in Infancy

Proportion of Individuals Protected After Vaccination by Age

At 5 yr (95% CI) At 10 yr (95% CI) At 15 yr (95% CI) At 17 yr (95% CI)

Estimation irrespective of dose and  
vaccination schedule

0.99 [0.97; 1.01] 0.95 [0.88; 1.02] 0.84 [0.65; 1.04] 0.77 [0.51; 1.03]

Dosage Vaccination Schedule At 5 yr (95% CI) At 10 yr (95% CI) At 15 yr (95% CI) At 17 yr (95% CI)

Adequate Gap time <6 0.98 [0.95; 1.01] 0.95 [0.89; 1.01] 0.90 [0.78; 1.02] 0.87 [0.72; 1.03]
Adequate Gap time 6–8 0.99 [0.97; 1.00] 0.97 [0.92; 1.01] 0.92 [0.82; 1.02] 0.90 [0.77; 1.02]
Lower Gap time <6 0.82 [0.74; 0.90] 0.71 [0.60; 0.83] 0.59 [0.46; 0.73] 0.54 [0.40; 0.68]
Lower Gap time 6–8 0.85 [0.71; 1.00] 0.74 [0.52; 0.96] 0.61 [0.33; 0.88] 0.55 [0.27; 0.84]

CI indicates confidence interval of the prediction.
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CONCLUSIONS
Based on these 2 meta-analyses, relevant factors influencing 

the duration of protection after hepatitis B vaccination in infancy 
could be identified. a prognostic model for long-term protection 
after hepatitis B vaccination in infancy was developed.

ACKNOWLEDGMENTS
Dr. Gerd Antes, German Cochran Collaboration (Freiburg, 

Germany), provided valuable advice regarding the search strategy. 
The contribution of Dieter Karch, MD, and Hammimatunis Johar, 
BS, Msc (Institute of Social Pediatrics and Adolescent Medicine, 
Ludwig Maximilians University of Munich, Germany), in the litera-
ture search and data extraction is gratefully acknowledged.

REFERENCES
 1. Bialek sr, Bower Wa, novak r, et al. Persistence of protection against 

hepatitis B virus infection among adolescents vaccinated with recombinant 
hepatitis B vaccine beginning at birth: a 15-year follow-up study. Pediatr 
Infect Dis J. 2008;27:881–885.

 2. Chaves ss, groeger J, Helgenberger l, et al. improved anamnestic response 
among adolescents boosted with a higher dose of the hepatitis B vaccine. 
Vaccine. 2010;28:2860–2864.

 3. Coursaget P, leboulleux d, soumare M, et al. twelve-year follow-up study 
of hepatitis B immunization of senegalese infants. J Hepatol. 1994;21: 
250–254.

 4. da Villa g, Pelliccia Mg, Peluso F, et al. anti-HBs responses in children 
vaccinated with different schedules of either plasma-derived or HBV dna 
recombinant vaccine. Res Virol. 1997;148:109–114.

 5. lee Pi, lee CY, Huang lM, et al. long-term efficacy of recombinant hepa-
titis B vaccine and risk of natural infection in infants born to mothers with 
hepatitis B e antigen. J Pediatr. 1995;126(5 Pt 1):716–721.

 6. gonzalez Ml, gonzalez JB, salva F, et al. a 7-year follow-up of newborns 
vaccinated against hepatitis B. Vaccine. 1993;11:1033–1036.

 7. Huang lM, Chiang Bl, lee CY, et al. long-term response to hepatitis B 
vaccination and response to booster in children born to mothers with hepa-
titis B e antigen. Hepatology. 1999;29:954–959.

 8. Kao Jt, Wang JH, Hung CH, et al. long-term efficacy of plasma-derived 
and recombinant hepatitis B vaccines in a rural township of Central taiwan. 
Vaccine. 2009;27:1858–1862.

 9. roznovsky l, Orsagova i, Kloudova a, et al. long-term protection against 
hepatitis B after newborn vaccination: 20-year follow-up. Infection. 
2010;38:395–400.

 10. van der sande Ma, Waight P, Mendy M, et al. long-term protection 
against carriage of hepatitis B virus after infant vaccination. J Infect Dis. 
2006;193:1528–1535.

 11. Wu Js, Hwang lY, goodman KJ, et al. Hepatitis B vaccination in high-risk 
infants: 10-year follow-up. J Infect Dis. 1999;179:1319–1325.

 12. are booster immunisations needed for lifelong hepatitis B immunity? 
european Consensus group on Hepatitis B immunity. Lancet. 2000;355: 
561–565.

 13. Viral Hepatitis Prevention Board. Meeting news. Viral Hepatitis. 
2012;20:1–28.

 14. leuridan e, Van damme P. Hepatitis B and the need for a booster dose. Clin 
Infect Dis. 2011;53:68–75.

 15. World Health Organization Publication. Hepatitis B vaccines: WHO posi-
tion paper--recommendations. Vaccine. 2010;28:589–590.

 16. Wenzel JJ, Jilg W. loss of antibodies, but not of protection. Lancet Infect 
Dis. 2010;10:738–739.

 17. World Health Organization. Hepatitis B vaccines. Wkly Epidemiol Rec. 
2009;84:405–419.

 18. Hassan s, Ziba F. antibody titer in iranian children 6 years after hepatitis B 
vaccine administration. Vaccine. 2007;25:3511–3514.

 19. lin CC, Yang CY, shih Ct, et al. Waning immunity and booster responses in 
nursing and medical technology students who had received plasma-derived 
or recombinant hepatitis B vaccine during infancy. Am J Infect Control. 
2011;39:408–414.

 20. lu CY, ni YH, Chiang Bl, et al. Humoral and cellular immune responses 
to a hepatitis B vaccine booster 15-18 years after neonatal immunization.  
J Infect Dis. 2008;197:1419–1426.

 21. resti M, azzari C, Mannelli F, et al. ten-year follow-up study of neona-
tal hepatitis B immunization: are booster injections indicated? Vaccine. 
1997;15:1338–1340.

 22. resti M, azzari C, rossi Me, et al. Five-year follow-up of vaccination 
against hepatitis B virus in newborns vaccinated with a reduced number of 
doses. Vaccine. 1991;9:15–18.

 23. Wang CW, Wang lC, Chang MH, et al. long-term follow-up of Hepati-
tis B surface antibody levels in subjects receiving universal Hepatitis B 
vaccination in infancy in an area of hyperendemicity: correlation between 
radioimmunoassay and enzyme immunoassay. Clin Diagn Lab Immunol. 
2005;12:1442–1447.

 24. Zanetti ar, Mariano a, romanò l, et al.; study group. long-term immu-
nogenicity of hepatitis B vaccination and policy for booster: an italian mul-
ticentre study. Lancet. 2005;366:1379–1384.

 25. Zanetti ar, romanò l, giambi C, et al.; study group. Hepatitis B immune 
memory in children primed with hexavalent vaccines and given monovalent 
booster vaccines: an open-label, randomised, controlled, multicentre study. 
Lancet Infect Dis. 2010;10:755–761.

 26. Zhu Cl, liu P, Chen t, et al. Presence of immune memory and immunity 
to hepatitis B virus in adults after neonatal hepatitis B vaccination. Vaccine. 
2011;29:7835–7841.

 27. Banatvala J, Van damme P, Oehen s. lifelong protection against hepati-
tis B: the role of vaccine immunogenicity in immune memory. Vaccine. 
2000;19:877–885.

 28. dentinger CM, McMahon BJ, Butler JC, et al. Persistence of antibody to 
hepatitis B and protection from disease among alaska natives immunized at 
birth. Pediatr Infect Dis J. 2005;24:786–792.

 29. Hammitt ll, Hennessy tW, Fiore ae, et al. Hepatitis B immunity in chil-
dren vaccinated with recombinant hepatitis B vaccine beginning at birth: a 
follow-up study at 15 years. Vaccine. 2007;25:6958–6964.

 30. Poovorawan Y, Chongsrisawat V, theamboonlers a, et al. Persistence of 
antibodies and immune memory to hepatitis B vaccine 20 years after infant 
vaccination in thailand. Vaccine. 2010;28:730–736.

 31. Belloni C, Pistorio a, tinelli C, et al. early immunisation with hepatitis B 
vaccine: a five-year study. Vaccine. 2000;18:1307–1311.

 32. Petersen KM, Bulkow lr, McMahon BJ, et al. duration of hepatitis B 
immunity in low risk children receiving hepatitis B vaccinations from birth. 
Pediatr Infect Dis J. 2004;23:650–655.

 33. samandari t, Fiore ae, negus s, et al. differences in response to a hepatitis 
B vaccine booster dose among alaskan children and adolescents vaccinated 
during infancy. Pediatrics. 2007;120:e373–e381.

 34. da Villa g, Peluso F, Picciotto l, et al. Persistence of anti-HBs in children 
vaccinated against viral hepatitis B in the first year of life: follow-up at 5 and 
10 years. Vaccine. 1996;14:1503–1505.

 35. lu CY, Chiang Bl, Chi WK, et al. Waning immunity to plasma-derived 
hepatitis B vaccine and the need for boosters 15 years after neonatal 
vaccination. Hepatology. 2004;40:1415–1420.

 36. Williams it, goldstein st, tufa J, et al. long term antibody response to 
hepatitis B vaccination beginning at birth and to subsequent booster vac-
cination. Pediatr Infect Dis J. 2003;22:157–163.

 37. Yuen MF, lim Wl, Cheng CC, et al. twelve-year follow-up of a prospec-
tive randomized trial of hepatitis B recombinant dna yeast vaccine ver-
sus plasma-derived vaccine without booster doses in children. Hepatology. 
1999;29:924–927.

 38. Marion sa, tomm Pastore M, Pi dW, et al. long-term follow-up of hepa-
titis B vaccine in infants of carrier mothers. Am J Epidemiol. 1994;140: 
734–746.

 39. Centers for disease Control and Prevention. Yellow Book: infectious dis-
eases related to travel (Chapter 3). available at: http://wwwnc.cdc.gov/
travel/yellowbook/2012/chapter-3-infectious-diseases-related-to-travel/
hepatitis-b.htm. accessed november 11, 2011.

 40. Merkel s, Mansmann u, Hohenberger W, et al. time to locoregional recur-
rence after curative resection of rectal carcinoma is prolonged after neo-
adjuvant treatment: a systematic review and meta-analysis. Colorectal Dis. 
2011;13:123–131.

 41. Crowther MJ, abrams Kr, lambert PC. Flexible parametric joint modelling 
of longitudinal and survival data. Stat Med. 2012;31:4456–4471.

 42. Jackson r, ameratunga s, Broad J, et al. the gate frame: critical appraisal 
with pictures. Evid Based Med. 2006;11:35–38.

 43. ding l, Zhang M, Wang Y, et al. a 9-year follow-up study of the immuno-
genicity and long-term efficacy of plasma-derived hepatitis B vaccine in 
high-risk Chinese neonates. Clin Infect Dis. 1993;17:475–479.

http://wwwnc.cdc.gov/travel/yellowbook/2012/chapter-3-infectious-diseases-related-to-travel/hepatitis-b.htm
http://wwwnc.cdc.gov/travel/yellowbook/2012/chapter-3-infectious-diseases-related-to-travel/hepatitis-b.htm
http://wwwnc.cdc.gov/travel/yellowbook/2012/chapter-3-infectious-diseases-related-to-travel/hepatitis-b.htm


The Pediatric Infectious Disease Journal • Volume 32, Number 4, April 2013      Long-term Protection After Hepatitis B Vaccination

© 2013 Lippincott Williams & Wilkins  www.pidj.com  | 313

 44. Jilg W, schmidt M, deinhardt F. Vaccination against hepatitis B: comparison 
of three different vaccination schedules. J Infect Dis. 1989;160:766–769.

 45. McBean aM, thoms Ml, albrecht P, et al. serologic response to oral polio 
vaccine and enhanced-potency inactivated polio vaccines. Am J Epidemiol. 
1988;128:615–628.

 46. Van damme P, Matheï C, thoelen s, et al. single dose inactivated hepatitis 
a vaccine: rationale and clinical assessment of the safety and immunogenic-
ity. J Med Virol. 1994;44:435–441.

 47. rosado MM, scarsella M, Pandolfi e, et al. switched memory B cells main-
tain specific memory independently of serum antibodies: the hepatitis B 
example. Eur J Immunol. 2011;41:1800–1808.

 48. Mele a, tancredi F, romanò l, et al. effectiveness of hepatitis B vaccina-
tion in babies born to hepatitis B surface antigen-positive mothers in italy. 
 J Infect Dis. 2001;184:905–908.

 49. liberati a, altman dg, tetzlaff J, et al. the PrisMa statement for report-
ing systematic reviews and meta-analyses of studies that evaluate healthcare 
interventions: explanation and elaboration. BMJ. 2009;339:b2700.

 50. stroup dF, Berlin Ja, Morton sC, et al. Meta-analysis of observational stud-
ies in epidemiology: a proposal for reporting. Meta-analysis Of Observa-
tional studies in epidemiology (MOOse) group. JAMA. 2000;283:2008–
2012.

 51. smith tC, spiegelhalter dJ, thomas a. Bayesian approaches to random-
effects meta-analysis: a comparative study. Stat Med. 1995;14:2685–2699.

 52. spiegelhalter d, abrams K, Myles J. Bayesian Approaches to Clinical Trials 
and Health-Care Evaluation: Chichester: John Wiley & sons; 2004.

 53. Whittle H, Jaffar s, Wansbrough M, et al. Observational study of vaccine 
efficacy 14 years after trial of hepatitis B vaccination in gambian children. 
BMJ. 2002;325:569.

 54. gesemann M, scheiermann n. Quantification of hepatitis B vaccine-induced 
antibodies as a predictor of anti-HBs persistence. Vaccine. 1995;13:443–
447.

 55. alfaleh F, alshehri s, alansari s, et al. long-term protection of hepatitis B 
vaccine 18 years after vaccination. J Infect. 2008;57:404–409.

 56. Faustini a, Franco e, sangalli M, et al. Persistence of anti-HBs 5 years after 
the introduction of routine infant and adolescent vaccination in italy. Vac-
cine. 2001;19:2812–2818.

 57. Hadi n, Hadi n. assessment of anti-HBs antigen in 6- to 9-year-old chil-
dren routinely vaccinated via vaccination program in iran. Med Princ Pract. 
2007;16:306–309.

 58. Hashemi s, Moghadami M, lankarani K, et al. the efficacy of hepatitis B 
vaccination. Iran Red Crescent Med J. 2010;12:45–48.

 59. Jaber sM. Prevalence of anti-hepatitis B and anti-hepatitis a antibod-
ies among school aged children in Western saudi arabia. Saudi Med J. 
2006;27:1515–1522.

 60. Jafarzadeh a, sajjadi sMa. Persistence of anti-HBs antibodies in 
healthy iranian children vaccinated with recombinant hepatitis B 

vaccine and response to a booster dose. Acta Medica Iranica 2005;43: 
79–84.

 61. Jafarzadeh a, Montazerifar sJ. Persistence of anti-HBs antibody and immu-
nological memory in children vaccinated with hepatitis B vaccine at birth. J 
Ayub Med Coll Abbottabad. 2006;18:4–9.

 62. livramento ad, Cordova CM, scaraveli ng, et al. anti-HBs levels among 
children and adolescents with complete immunization schedule against hep-
atitis B virus. a cross-sectional study in Blumenau, state of santa Catarina, 
Brazil, 2007-2008. Rev Soc Bras Med Trop. 2011;44:412–415.

 63. Ochirbat t, ali M, Pagbajab n, et al. assessment of hepatitis B vaccine-
induced seroprotection among children 5-10 years old in ulaanbaatar, Mon-
golia. Biosci Trends. 2008;2:68–74.

 64. Odusanya OO, alufohai e, Meurice FP, et al. Five-year post vaccina-
tion efficacy of hepatitis B vaccine in rural nigeria. Hum Vaccin. 2011;7: 
625–629.

 65. saffar MJ, rezai Ms. long-term antibody response and immunologic mem-
ory in children immunized with hepatitis B vaccine at birth. Indian Pediatr. 
2004;41:1232–1237.

 66. shaaban Fa, Hassanin ai, samy sM, et al. long-term immunity to hepatitis 
B among a sample of fully vaccinated children in Cairo, egypt. East Medi-
terr Health J. 2007;13:750–757.

 67. shamsizadeh a, Makvandi M, shoshtari g. Prevalence of anti hepatitis B 
surface antibody among children in ahvaz, iran, five years after vaccination. 
Jundishapur J Microbiol. 2011;4:49–54.

 68. shih HH, Chang MH, Hsu HY, et al. long term immune response of univer-
sal hepatitis B vaccination in infancy: a community-based study in taiwan. 
Pediatr Infect Dis J. 1999;18:427–432.

 69. su FH, Cheng sH, li CY, et al. Hepatitis B seroprevalence and anam-
nestic response amongst taiwanese young adults with full vaccination in 
infancy, 20 years subsequent to national hepatitis B vaccination. Vaccine. 
2007;25:8085–8090.

 70. Yazdanpanah B, safari M, Yazdanpanah s. Persistence of HBV vaccine’s 
protection and response to hepatitis B booster immunization in 5- to 7-year-
old children in the Kohgiloyeh and Boyerahmad Province, iran. Hepat Mon. 
2010;10:17–21.

 71. Jan CF, Huang KC, Chien YC, et al. determination of immune memory to 
hepatitis B vaccination through early booster response in college students. 
Hepatology. 2010;51:1547–1554.

 72. reinert P, Cinquetti s, soubeyrand B, et al. Challenge with hepatitis B vac-
cine in children previously vaccinated with a hepatitis B-containing combi-
nation vaccine. Adv Ther. 2010;27:28–38.

 73. Wang lY, lin HH. short-term response to a booster dose of hepatitis B vac-
cine in anti-HBs negative adolescents who had received primary vaccination 
16 years ago. Vaccine. 2007;25:7160–7167.

 74. Yao J, ren J, shen l, et al. the effects of booster vaccination of hepatitis 
B vaccine on anti-HBV surface antigen negative children 11-15 years after 
primary vaccination. Hum Vaccin. 2011;7:1055–1059.


