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for the Childhood Hepatitis B Vaccination Program: A Single-
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Abstract

Introduction: Hepatitis B (HB) vaccination is the most effective strategy for preventing HB virus infection. This study evaluated age-specific HB
antibody responses among individuals eligible for the national childhood HB vaccination program to optimize vaccination follow-up policies.

Materials and Methods: This single-center retrospective study included individuals aged 1-22 years who underwent HB serological testing between
January 2022 and January 2023. Individuals with positive HBsAg results, missing data, or foreign nationality were excluded. Initial HB surface
antibody (anti-HBs) results and age at the time of testing were analyzed. Participants were categorized into five age groups: 1-3, 4-6, 7-12, 13-18,
and 19-22 years.

Results: A total of 3,082 individuals were included [47% female; median age, 18 years (interquartile range, 10-20)], of whom 1,766 (57.3%) tested
positive for anti-HBs. Higher rates of antibody positivity were observed among children aged 1-3 years. The median age of anti-HBs-negative
individuals was significantly higher than that of anti-HBs-positive individuals (p < 0.001). Females had a higher anti-HBs seropositivity rate than
males (59.6% vs. 55.3%, p =0.016). In the multivariable analysis, older age groups had significantly lower odds of anti-HBs seropositivity than the 1-3-
year age group [odds ratio (OR) range =0.12-0.31], whereas female sex was independently associated with higher odds of seroprotection (OR=1.26).

Conclusion: The rate of protective antibody detection decreased with age among individuals targeted by the national childhood HB vaccination
program. Particularly in settings with intermediate or high HB endemicity, early identification of individuals without detectable antibodies may help
optimize immunization monitoring strategies, prevent unnecessary revaccination, and improve resource allocation.
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Giris: Hepatit B (HB) asilamasi, HB viruisii enfeksiyonunu 6nlemenin en etkili stratejisidir. Bu calismada, asilama sonrasi takip politikalarini optimize
etmek amaciyla, ulusal cocukluk cagi HB asilama programi kapsaminda yer alan bireylerde yasa 6zgii HB antikor yanitlari degerlendirilmistir.

Gereg ve Yontem: Bu tek merkezli, retrospektif calismaya Ocak 2022 ile Ocak 2023 tarihleri arasinda HB serolojisi bakilan 1-22 yas arasi bireyler dahil
edilmistir. HBsAg pozitif olan, verileri eksik olan ve yabanci uyruklu bireyler calismadan cikarilmistir. ilk HB yiizey antikoru (anti-HBs) sonucu ve testin
yapildig1 yastaki degerler analiz edilmis; yas, bes kategoriye ayrilmistir (1-3, 4-6, 712, 13—18 ve 19-22 yas).

Bulgular: Calismaya dahil edilen 3082 bireyden (%47'si kadin, ortanca yas 18 yil, ceyrekler arasi aciklik 10-20), 1766’sinda (%57,3) anti-HBs testi pozitif
saptand. En yiiksek antikor pozitiflik oranlari 1-3 yas arasindaki cocuklarda gozlendi. Anti-HBs negatif bireylerin ortanca yasi, pozitif olan bireylere
gore anlamli derecede daha yiiksekti (p < 0,001). Kadinlarda anti-HBs seropozitifligi erkeklere gore daha ytiksekti (%59,6'ya karsi %55,3, p = 0,016).
Cok degiskenli analizde, 1-3 yas grubuna kiyasla daha ileri yas gruplarinda anti-HBs seropozitifligi olasiliginin anlamh derecede daha dustk oldugu
goruldu [olasilik orani (OR) araligi ==0,12-0,31], kadin cinsiyeti ise daha yiiksek seroproteksiyon olasiligi ile bagimsiz olarak iliskili bulundu (OR =1,26).

Sonug: Ulusal asilama programimizin hedefledigi yas grubunda koruyucu antikor saptanma oraninin yasla birlikte azaldigi goriildii. Ozellikle orta
veya yiiksek HB endemisitesine sahip bolgelerde, tespit edilebilir antikorlari olmayan bireylerin erken donemde belirlenmesi, asilama sonrasi izlem

stratejilerinin optimize edilmesine, gereksiz yeniden asilamalarin 6nlenmesine ve kaynaklarin daha etkin kullanilmasina katki saglayabilir.

Anahtar Kelimeler: Cocuk asilama programi, hepatit B, asilama sonrasi izleme, seroproteksiyon

Introduction

Hepatitis B virus (HBV) infection is a major public health
problem worldwide and can cause chronic liver disease,
cirrhosis, and hepatocellular carcinomal™. According to the
World Health Organization, over 250 million people were
living with chronic hepatitis B infection in 2022, and most
infections occurred in individuals over 30 years of age, an age
group for which universal hepatitis B vaccination has not been
implemented®. Although antiviral treatments can suppress
viral replication, they cannot eliminate the virus, and HBV
remains a major global cause of morbidity and mortality.
Consequently, hepatitis B vaccination has proven to be highly
effective in preventing HBV infection and its complicationstl,

Hepatitis B vaccination programs are an important public
health strategy for establishing sustained immunity within
the community and reducing the disease burden. The
effectiveness of public health systems increases as long-term
community immunity is achieved. Hepatitis B vaccination
programs targeting infants and young children have been
implemented in many countries worldwide®. However,
routine post-vaccination monitoring of antibody responses is
not universally practiced, and the optimal timing for assessing
long-term vaccine-induced immunity remains unclear.

Turkiye is considered a country with intermediate hepatitis B
endemicity, with an HBsAg prevalence of approximately 4% in
the general populationl. The hepatitis B vaccination program
was incorporated into the national childhood immunization
schedule in 1998, targeting infants at 0, 1, and 6 months
of agel. We aimed to evaluate antibody responses across
age groups comprising individuals eligible for the national
childhood hepatitis B vaccination program. We hypothesized
that anti-HBs seropositivity would decline with increasing
age and sought to provide evidence to support immunization
178

monitoring policies in countries with intermediate or higher
hepatitis B endemicity.

Materials and Methods

Study Design and Population

This single-center, retrospective study was conducted at
Recep Tayyip Erdogan University Hospital. Individuals who
underwent HBsAg and hepatitis B surface antibody (anti-HBs)
testing at our hospital between January 1, 2022, and January
1, 2023, during either inpatient care or outpatient visits for
clinical evaluation or routine screening, were assessed. Among
these, individuals aged 1-22 years who were eligible for the
national childhood hepatitis B vaccination program in our
country were included. Foreign nationals (owing to uncertain
vaccination history), patients with missing data, and those who
tested positive for HBsAg were excluded. Sex was defined as a
biological variable (male/female) as recorded at birth in the
hospital electronic medical records.

Data Collection

For eligible individuals, all historical HBV serology results
recorded in our system were retrieved. The analysis focused
on the earliest available anti-HBs result for each individual,
along with the individual’s age at the time of testing. Anti-HBs
levels were analyzed according to age at the time of testing.
Individual vaccination records were not available in the
hospital database; therefore, vaccination status was inferred
based on eligibility for the national childhood hepatitis B
vaccination program introduced in 1998.

Laboratory Methods

Anti-HBs levels were quantitatively measured using a
chemiluminescent microparticle immunoassay in a single
laboratory. An anti-HBs titer of >10 mIU/mL was considered
positive.
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Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics
for Windows, Version 22.0 (Armonk, NY: IBM Corp.; 2013).
The normality of age was assessed using the Kolmogorov-
Smirnov test. Because age was not normally distributed, the
data are presented as the median and interquartile range
(IQR). The Mann-Whitney U test was used to compare the
median age between individuals who were anti-HBs positive
and those who were anti-HBs negative. Categorical variables
were compared using the Pearson chi-square test. Age was
categorized into five clinically relevant groups (1-3, 4-6, 7-12,
13-18, and 19-22 years) for binary logistic regression analysis,
with anti-HBs serostatus as the outcome variable. Age category
(with 1-3 years as the reference group) and sex were included
as independent variables. A p-value of <0.05 was considered
statistically significant.

Ethics

The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of Recep
Tayyip Erdogan University (decision no: 2023/237, date:
12.10.2023). Informed consent was waived because of the
retrospective nature of the study.

The records of 3,191 individuals who underwent HBV serologic
testing within the specified date and age range at our hospital
were evaluated. Data from 45 individuals without an HBsAg
test, 20 individuals who tested positive for HBsAg, and 44
foreign nationals were excluded, resulting in a final study
population of 3,082 individuals. Of these, 1,447 (47.0%) were
female, and the median age was 18 years (IQR, 10-20 years).

At the initial hospital visit, 1,766 (57.3%) individuals tested
positive for anti-HBs, whereas 1,316 (42.7%) tested negative.
Anti-HBs positivity ranged from 35.7% to 96.3%, depending
on age, with the highest seropositivity rates observed among
individuals aged 1, 3, and 2 vyears, respectively (Figures 1
and 2A). The median age of individuals with negative anti-
HBs results was significantly higher than that of individuals
with positive results (p < 0.001) (Table 1). The proportion of
individuals with protective anti-HBs levels was significantly
higher among females than among males (59.6% vs. 55.3%, p
= 0.016) (Figure 2B).

A binary logistic regression model including age category and
sex as predictors of anti-HBs positivity was applied. Compared
with the 1-3-year age group, older age categories showed a
stepwise decline in the likelihood of anti-HBs seropositivity.
Female sex was also independently associated with higher
odds of seroprotection than male sex (Table 2).
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Figure 1. Age-specific distribution of anti-HBs seropositivity and sample size. The proportions of anti-HBs—positive and anti-HBs-negative
individuals are shown for each year of age, along with the number of individuals tested in each age group. HB, hepatitis B.
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Figure 2. Distribution of anti-HBs serostatus by age group and sex.

(A) Proportions of anti-HBs-positive and anti-HBs—negative
individuals according to age group. (B) Distribution of anti-HBs
serostatus according to biological sex. HB, hepatitis B.

Our findings provide epidemiological insight into age-related
patternsof detectableanti-HBslevelsamongindividualseligible
for the national childhood hepatitis B vaccination program.
Specifically, they describe the distribution of protective
antibodies in a population presumed to have benefited from
this childhood immunization program. Moreover, although
a substantial proportion of the target population exhibited
positive anti-HBs levels during early childhood, seropositivity
declined with increasing age. This pattern raises important
public health and clinical questions.

One of the key observations among individuals presumed
to have been vaccinated under the national immunization
program was that the median age of those without protective
anti-HBs levels was higher than that of those with protective
levels. This finding raises questions about the persistence of
measurable antibody levels following childhood vaccination
while acknowledging that immunological memory may persist
despite declining antibody titers. McMahon et al."l investigated
individuals aged 6 months and older who received three
doses of the hepatitis B vaccine and reported that, after a
22-year follow-up, 60% retained protective antibody levels.
A study conducted in Tunisia reported that the overall anti-
HBs seropositivity rate among vaccinated students aged 12-17

Table 1. Mann-Whitney U test of median age by initial anti-HBs result.

P:I(;:)I?:ejf:) Mean rank Sum of ranks U p
Anti-HBs negative 18.5 (14-21) 1.683.2 2.215.082.5 975.559.5 <0.001
(n = 1316)
Anti-HBs positive 17 (6-20) 1.435.9 2.535.820.5
(n = 1766)

Anti-HBs, Hepatitis B surface antibody; IQR, Interquartile range.

Table 2. Multivariable logistic regression analysis of factors associated with anti-HBs seropositivity.

Variable OR 95% Cl p

Age group (years)*

4-6 0.31 0.19-0.50 <0.001
7-12 0.15 0.10-0.25 <0.001
13-18 0.12 0.08-0.19 <0.001
19-22 0.13 0.08-0.20 <0.001
Sex (female)t 1.26 1.09-1.47 0.002

OR, odds ratio; Cl, confidence interval. Nagelkerke R?=0.079; Hosmer-Lemeshow goodness-of-fit test p=0.877. *Compared with 1-3 years. {Compared with male sex.
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years was 68.9%, with seroprotection decreasing significantly
with agel®. Another study found that only 40% of children who
received three doses of the hepatitis B vaccine had detectable
protective antibodies by week 35, and only 10% remained
antibody-positive at 15 years of agel’. Notably, we observed
high antibody response rates in the younger age groups in our
study. Once protective antibody levels are achieved following
hepatitis B vaccination, long-term immune protection may
persist even if measurable antibody levels decline over
timel'". This finding underscores the importance of confirming
antibody responses at an early stage after vaccination.

Anotherfactorthat mayexplaintheloweranti-HBsseropositivity
observed in some older age groups is variation in vaccination
coverage over time. In our country, the three-dose hepatitis
B vaccination coverage rate was approximately 72% during
the early years of the program but increased substantially to
96%-99.3% after 20191, Therefore, the lower seropositivity
observed, particularly among individuals aged 19-22 vyears,
may not solely reflect waning detectable antibody levels
over time but may also be attributable to lower vaccination
coverage during the early years of program implementation.
Because individual vaccination records were unavailable, the
relative contributions of incomplete vaccination and declining
antibody levels could not be distinguished in this cohort.
Nevertheless, this finding underscores the importance of
maintaining high vaccination coverage to ensure sustained
population-level protection across age groups.

Biological sex has an important influence on the immune
responsel’d. Consistent with our findings, Anticoli et al.l"
reported that female healthcare workers had higher anti-HBs
levels than their male counterparts. Another study conducted
among vaccinated children reported a higher prevalence of
HBV infection in boys than in girls, although the difference was
not statistically significant!¥. These findings may be explained
by inherent biological differences in immune responses
between the sexes.

Based on our findings, we believe that assessing an individual’s
immune status is more accurate when information from an
early post-vaccination antibody test, such as one performed at
approximately 1 year of age, is available. However, evidence
indicates that antibody levels may decline over time, and
many vaccinated individuals lose detectable protective
antibody levels after several years®'>'"l Bruce et al.l'®
reported that a very high seroprotection rate was achieved
with a booster dose administered 35 years after completion
of the hepatitis B vaccination series. A review suggested that
a single booster dose may be beneficial for individuals who
fail to develop a protective antibody response following the
primary vaccination series. Another review emphasized
the importance of incorporating a booster dose into national

immunization schedules worldwide. Furthermore, although
antibody levels may decline over time, this does not necessarily
indicate a loss of protection because immunological memory
against HBsAg may persist even when antibodies are no
longer detectableP'. In the absence of information on the
early antibody response, individuals may be misclassified
as non-immune over time. This could result in unnecessary
revaccination, increased healthcare costs, and additional
workload for healthcare providers. Early confirmation of anti-
HBs positivity may help optimize resource utilization and
prevent unnecessary interventions by demonstrating vaccine-
induced immunity. Establishing national frameworks for the
early assessment of antibody responses, particularly in settings
with ongoing hepatitis B transmission or intermediate-to-high
endemicity, could provide a stronger foundation for developing
vaccination strategies. Such an approach may contribute to
more efficient resource allocation, reduced healthcare costs,
and fewer unnecessary revaccinations, particularly in resource-
limited settings.

Study Limitations

Our study has several limitations. First, its retrospective design
limited our ability to control for unmeasured confounding
factors. Second, the lack of confirmed vaccination history
represents an important limitation and prevents direct
interpretation of anti-HBs status as evidence of vaccine-
induced immunity. Consequently, definitive conclusions
regarding the long-term effectiveness of hepatitis B vaccination
cannot be drawn, although outcomes were evaluated across
age groups targeted by the national vaccination program.
Another limitation is that the study was conducted at a
single institution, which may limit the generalizability of the
findings. However, we believe that our results provide a useful
foundation for future studies and may be applicable to other
healthcare systems in similar settings.

The high apparent effectiveness observed during early
childhood confirms the success of the national hepatitis B
vaccination program and underscores the need for more refined
post-vaccination monitoring strategies. Although routine post-
vaccination testing is not generally recommended for healthy
individuals, anti-HBs testing performed between 1 and 3 years
of age may be considered in selected high-burden settings to
support immunization monitoring, help avoid unnecessary
revaccination, and reduce the burden on healthcare systems.
However, the cost-effectiveness of such an approach should
be evaluated in future studies. These findings highlight the
importance of continued evaluation of post-vaccination
immunity and support further research to determine optimal
follow-up strategies. By informing evidence-based policies and
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vaccination strategies, this study provides a useful framework
for addressing similar public health challenges globally and
promoting a more sustainable and effective approach to
hepatitis B vaccination.
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