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Abstract: Background: Hepatitis B virus (HBV) infection remains a significant occupational
health concern for healthcare workers (HCWs), including trainees exposed to biological
risks. Although vaccination is the most effective preventive measure, the persistence of
immunity over time and the need for booster doses remain subjects of debate. Objective:
The present study aims to assess the prevalence of protective anti-HB antibody titers among
healthcare trainees at the “SS Annunziata” Hospital in Chieti, comparing those vaccinated
in infancy with those vaccinated during adolescence. Methods: A retrospective observa-
tional study was conducted on 2028 healthcare trainees from 2021 to 2024. Participants were
divided into two groups based on vaccination timing: infancy (PED group) and adolescence
(ADO group). Serological tests were performed to measure anti-HB titers, with a protective
threshold set at >10 IU/L. Statistical analyses were conducted to evaluate differences in im-
munity persistence between the two groups. The results showed that the overall prevalence
of protective anti-HB titers was 50.7%, with significant differences between the PED and
ADO groups. Protective immunity was observed in 79.2% of individuals vaccinated during
adolescence, compared to 44.6% of those vaccinated in infancy (p < 0.001). No significant
differences in antibody persistence were found between males and females. Notably, 92.4%
of participants with non-protective titers received a booster dose within two months of
testing. Conclusions: The study confirms a significant decline in anti-HB titers over time
among individuals vaccinated in infancy, suggesting a potential need for booster doses
later in adulthood. The high adherence to vaccination recommendations among healthcare
trainees is a promising finding, reinforcing the importance of continuous education and
immunization programmes in healthcare settings. Further research, including longitudinal
studies and additional HBV biomarkers, is necessary to optimize vaccination strategies and
long-term immunity monitoring in HCWs.

Keywords: HBV; titer of anti-HB antibody; booster doses; vaccination; prevention; occupa-
tional medicine; healthcare trainees; health surveillance; healthcare workers; immunization
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1. Introduction

Hepatitis B virus (HBV) infection is a significant global public health problem, posing
serious health risks [1]. According to the World Health Organization (WHO) Global
Hepatitis Report 2024, approximately 254 million individuals are currently living with
chronic HBV infection worldwide, and about 1.2 million new infections occur annually [2].
The WHO African region accounts for 63% of new hepatitis B infections, and yet only 18%
of newborns in the region receive the hepatitis B vaccination recommended at birth, while
the Western Pacific region accounts for 47% of hepatitis B deaths, and treatment coverage
remains low [2].

HBYV is transmitted through contact of mucous membranes or nonintact skin with
infected blood or other body fluids (saliva, semen, and vaginal secretions) [3]. In high-
endemic areas, transmission occurs mainly vertically, that is, from mother to child at birth
(perinatal transmission), or during early childhood through contacts that occur between
infected and uninfected children (horizontal transmission) [4].

In low-endemic areas, infection is most prevalent among adults belonging to defined
risk groups including sexually promiscuous people, hemodialysis patients, drug addicts,
prisoners, travellers to moderate or high endemic areas, and healthcare workers (HCWs)
exposed to occupational hazards [5].

These infections are associated with severe complications, including acute flares,
cirrhosis, hepatocellular carcinoma and extrahepatic manifestations, which contribute
substantially to global morbidity and mortality [6]. It is estimated that cirrhosis and
hepatocellular carcinoma cause 820,000 deaths per year [7].

In Europe, however, 14 million people are infected, although a trend toward reductions
in acute cases has been observed in recent decades, mainly due to the implementation of
mass immunization strategies [8]. In Italy, the incidence rate of acute HBV cases fell from
5 cases per 100,000 population in 1990 to 2 per 100,000 10 years later. In 2021, only 89 new
cases were reported, with an incidence rate of 0.18 per 100,000 inhabitants.

It is evident that hepatitis B vaccines, which are accessible, safe and effective, represent
the most efficacious means of controlling and preventing hepatitis B. From 2000 to 2019,
global coverage with three doses of the vaccine increased from 30% to 85% [9]. Indeed, the
effective implementation of hepatitis B vaccination programmes has resulted in a substantial
decrease in HBV carrier rates and hepatitis B-associated morbidity and mortality [9]. The
introduction of vaccines derived from plasma in 1982, and the subsequent advent of
recombinant DNA technology in 1986, enabled the production of safer and more efficient
vaccines. Since 1991, the WHO has been promoting vaccine integration into national
immunization programmes, highlighting the importance of a dose administered at birth to
prevent perinatal transmission [10].

In accordance with the recommendations issued by the WHO, the Italian legislative
framework was amended in 1991, with the enactment of Law No. 165 [11], stipulating
the mandatory vaccination against hepatitis B for all infants within the first year of life,
and for adolescents within the twelfth year of age. The number of doses of the hepatitis B
vaccine required to induce protective immunity varies depending on the type of vaccine
and the age of the recipient. The standard three-dose hepatitis B vaccine series, which was
historically administered as two initial doses given one month apart and a third dose given
six months after the first, is no longer recommended. The WHO now recommends several
options for vaccine schedules. The most appropriate ones for infants are as follows: one
dose (monovalent) given at birth followed by two doses of vaccine at 1 and 6 months of
age; at 2, 4, and 6 months of age; at 3, 5, and 11 months of age; at 8, 12, and 16 weeks and at
12 or 15 months of age; or at 6, 10, and 14 weeks of age, according to the WHO Expanded
Immunization schedule [3]. Among the various globally approved vaccine schedules,
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the most effective ones that require minimal additional booster doses for immunization
are preferred.

The prevalence of HBV infection among HCWs is up to four times higher than in the
general population [10]. According to the WHO, about 5.6 percent of HCWs worldwide
are infected with HBV, and 62,000 of these infections result from contact with infected
blood [12]. Occupational accidents related to occupational biological exposures (OBH)
pose a significant risk, with the possibility of contamination during patient care through
accidental needle sticks or other contaminated injuries [5]. Prevention of HBV infections
among HCWs requires standard precautionary measures in addition to vaccination [10].
Such measures include thorough hand washing, proper disposal of toxic instruments
and waste, use of devices with retractable needles, needle protection systems, and use
of personal protective equipment (PPE), including gloves, insulating clothing, and face
protection. Despite the limited effectiveness of antiviral treatments, the preventive approach
is the safest method to reduce the spread of infection [13].

After completion of vaccination, IgG antibodies to HBsAg (anti-HBs) are used as
a marker of successful immunity against HBV. An anti-HB antibody concentration of
10 mIU/mL or higher, measured 1 to 3 months after administration of the last dose of
the primary vaccination series, is considered a reliable indicator of protection against
HBYV infection [5,14]. HCWs who have completed the HBV vaccination programme and
achieved an anti-HB antibody value of 10 mIU/mL or higher are considered protected
against infection; if <10 mIU/mL, a booster dose (4 dose) is required. Among healthcare
providers, measurement of the anti-HB assay is a recommended measure to demonstrate
vaccination coverage to HBV.

The duration of protection conferred by the hepatitis B vaccine is not yet precisely
defined. Among children who complete the three-dose primary vaccine series and are
protected by presenting with an anti-HB titer of 10 mIU/mL or greater, 15-50% have low
or undetectable antibody concentrations 5-15 years after vaccination [15].

Despite the existence of numerous studies that have demonstrated the efficacy of
hepatitis B vaccination in providing long-term protection, uncertainties persist regarding
the management of individuals exhibiting declining or undetectable antibody titers, par-
ticularly among HCWSs who are exposed to occupational risk. As indicated by previous
research, immunological memory has been demonstrated to persist even in the absence
of detectable antibodies [16,17]. Nevertheless, there is ongoing debate surrounding the
necessity of routine post-vaccination monitoring and booster administration [18-20].

The aim of this study is to evaluate the prevalence of protective antibody titers among
a group of trainee residents attending internship at the “SS Annunziata” Hospital in Chieti
by comparing coverage rates between those vaccinated in their first year of training and
those vaccinated during adolescence. This assessment will help track the evolution of
immunity coverage over time.

2. Materials and Methods
2.1. Sample

This retrospective observational study was conducted at the Department of Occupa-
tional Medicine in Chieti, Italy, in collaboration with the department of Biomedicine and
Prevention of University of Rome Tor Vergata.

This study analyzed students enrolled in various Medical Faculty programmes—
including Medicine and Surgery, Nursing, Physiotherapy, Dentistry, Dental Hygiene, Den-
tal Practice Assistance, Biomedical Laboratory Techniques, Obstetrics, Dietetics, Speech
Therapy, Orthoptics and Assistance in Ophthalmology, Healthcare, Cardiovascular Patho-
physiology and Vascular Perfusion Techniques, Occupational Therapy, and TSRM—as
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well as Medical and Surgical Area Residents. All participants were exposed to biohazards
during their internship period.

Between 2021 and 2024, a total of 2028 students and residents were enrolled during the
mandatory health surveillance period under Italian Legislative Decree 81/08, as amended.
The University Health Protocol includes a preventive medical examination and first-level
blood tests, including a complete blood count (CBC) with leukocyte formula, liver and
kidney function tests, blood glucose levels, and serological tests for HBV, HCV, and HIV,
as well as the Mantoux test and any additional tests for specific risks. The measurement
of anti-HB titers was conducted using the Alinity Anti-HBs Reagent Kit—Abbott (ELISA
assay) in accordance with the manufacturer’s instructions. The tests were conducted at the
analytical laboratory of “P.O. SS Annunziata di Chieti”. Informed consent for personal data
processing and a privacy policy statement were provided to all participants.

The vaccination schedule, in accordance with national guidelines, consists of admin-
istering three doses at pediatric age (0—1-6 months). For individuals not vaccinated at
a pediatric age, the three doses are administered during adolescence. Italian Legislative
Decree 165/1991 [11] introduced mandatory hepatitis B vaccination for newborns.

Participants were divided into two groups: the first group included subjects vaccinated
in their first year of life (PED group), while the second group included those vaccinated
during their 12th year of life (ADO group).

Age was calculated as the difference between the year of birth and the year of the
survey (2024). As such, it was used to describe the characteristics of the two groups studied,
in particular the time elapsed between vaccination and the time of the survey.

An anti-HB titer > 10 IU/L was considered protective for all subjects, based on
CDC and ACIP recommendations [21], while an anti-HB titer < 10 IU/L was deemed
non-protective.

2.2. Statistical Analysis

Descriptive analyses were conducted using mean and standard deviation (+SD) or
median and interquartile range (IQR) for quantitative variables, while frequencies and
percentages were used for qualitative variables. The normality of data distribution was
assessed using the Shapiro-Wilk test. Associations between categorical variables were
examined using Pearson’s x? test or Fisher’s exact test, while Student’s t-test for paired
data was applied to continuous variables. Statistical significance was set at « < 0.05.

All analyses were performed using Stata software v18 (StataCorp, College Station,
TX, USA).

3. Results

Of the 2028 trainees included in the study, 63.9% were female, with a mean age of
25.89 £ 6.10 years. A total of 1754 (86.5%) had received HBV vaccination in the neonatal
period (neonatal), while 274 (13.5%) had been vaccinated at the age of 12 years (childhood),
and 49.3% with protective titer (>10 IU/L). The characteristics of this population are
showed in Table 1.

A comparison between the two periods (ADO vs. PED) revealed significant differences
in mean age (p < 0.001) and vaccination coverage (p < 0.001) (Table 2).

We did not find a different distribution of coverage between males and females
(p =0.183).

In the ADO group, the vaccination coverage rate was 78.85% in males, while in
females it was 79.41%, showing independence between gender and antibody protection
rate (p = 0.911) while in the PED group, the anti-HbsAg protection rate is 46.66% for males
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and 43.43% for females, showing independence between gender and protection rate in the
POST-1992 group (p = 0.192) (Table 3).

Table 1. Population’s characteristics.

Gender, n (%)

F 1296 (63.9%)
M 732 (36.1%)
Age, years 25.89 +6.10
Vaccination period, n (%)
Pediatric age (PED) 1754 (86.5%)
Adolescence (ADO) 274 (13.5%)
HBsAD, n (%)
Non-Protective titer (<10 IU/L) 1029 (50.7%)
Protective titer (>10IU/L) 999 (49.3%)

Data expressed as mean £ SD or n (%).

Table 2. Stratified sample characteristics by period (n = 2028).

ADO (n =274) PED (n =1754) p-Value *

Gender, n (%)
F 170 (62.0%) 1126 (62.2%) 0.490
M 104 (38.0%) 628 (35.8%)
Age, years 37.85+5.15 24.03 + 3.63 <0.001
HbsAb, n (%)
Non-Protective titer (<10 IU/L) 57 (20.8%) 972 (55.4%) <0.001
Protective titer (>10 IU/L) 217 (79.2%) 782 (44.6%)

Data expressed as mean £ SD or n (%); * p-value calculated by Pearson’s chi-square test or Student’s t-test.

Table 3. Sample characteristics stratified by gender within each period (1 = 2028).

ADO (n =274) PED (n = 1754)
Females Males Females Males
=170 =100 PV G _1126)  (m=e28) PVAIUET
Age, years 3820 +£491 37.27 +4.49 0.151 23.87 £ 3.67 24.31 +3.53 0.013
HbsAb, n (%)

Non-Protective titer (<10 TU/L) 35 (20.59%) 22 (21.15%) 0911 637 (56.57%) 335 (53.34%)  0.192

Protective titer (>10TU/L) 135 (79.41%) 82 (78.85%) 489 (43.43%) 293 (46.66%)

Data expressed as mean 4 SD or n (%); * p-value calculated by Pearson’s chi-square test or Student’s t-test.

All those identified as being unprotected against HBV were offered a booster dose
of the HBV vaccine as part of a wider effort to increase immunity levels and prevent
potential outbreaks. Of these 1029 individuals, a significant proportion, 92.4%, received
the booster dose within two months of the antibody titer measurement. Preliminary
data from a subgroup of participants indicated a seroconversion rate above 95% after the
administration of booster doses, demonstrating the presence of effective immune memory
and an anamnestic response among healthcare trainees.



Vaccines 2025, 13, 562

6 of 10

4. Discussion

In our study, 20.8% of students who were vaccinated at age 12 (ADO) and 55.4% of
students vaccinated in the neonatal period (PED) show a non-protective titer of anti HBs.
The difference is statistically significant (p < 0.001). As suggested by previous studies,
this finding may be attributable to a more robust immune system response in adolescents
than in infants. This is probably related to the maturation of the immune system in
the ADO [2,3,22]. This finding may be influenced by the time elapsed between the last
vaccination and the antibody titer assessment, which differs between the two groups.
Several studies emphasize that, regardless of these differences, vaccination in the first year
of life remains essential to ensuring early protection in childhood [23,24].

The study also shows that the duration of vaccination coverage is not affected by gen-
der. This stratification between males and females further underscores the independence
between gender and antibody titer also emphasized by other studies [25,26]. In particular,
in a sample similar to the sample examined in our study, measles immunity was also found
to be completely independent of gender [27].

Evaluation of the duration of immunity leads to results that are still unclear. Some
researchers have reported a progressive decline with age in the anti-HB protective titer
emphasizing the need for booster with a booster dose, to be administered in the morning
as it would stimulate a better immune response in susceptible individuals than in those
who receive booster dose administration in the afternoon [28,29]. However, in agreement
with other studies, after an initial response to the vaccine, immunological memory would
still ensure an adequate level of protection despite the antibody titer being non-protective
(antiHBs < 10 IU/L). By virtue of this, a booster would not be necessary [20,22,30].

The findings of this study must be interpreted in light of several considerations. De-
spite the fact that individuals with anti-HB titers of less than 10 IU/L are not considered to
be protected according to conventional criteria, it is crucial to acknowledge the persistence
of immunological memory. This memory can subsequently trigger an effective immune
response upon exposure to HBV. Consequently, low or undetectable antibody levels do
not necessarily indicate an absence of protection. The WHO and CDC currently advise
against the administration of routine hepatitis B booster doses to immunocompetent in-
dividuals [31,32]. Nonetheless, within high-risk occupational contexts, such as healthcare
environments, the monitoring of anti-HB titers and the provision of booster doses can be
regarded as a precautionary strategy. This approach is intended to ensure comprehensive
protection and to maintain accurate documentation of immunity.

This observation highlights the issue of non-compliance with vaccination programmes,
a phenomenon that has been observed among healthcare workers, often attributable to
concerns regarding potential adverse effects and uncertainty surrounding the programmes’
effectiveness [33].

Specifically, we considered responses to vaccine programmes against exanthematous
diseases, which, like hepatitis B vaccination, are administered during childhood. Indeed,
we can refer to previous studies on samples of HCWs that have similar characteristics
compared to the sample examined in this study.

In the samples examined, antibody coverage against measles, given by MPR vaccina-
tion administered in childhood, decreases over the years, thus increasing its potential risk
of hospital transmission [12]. In addition, the lack of a protective IgG antibody titer is more
evident in senior students [27]. Although coverage levels in Italy are still suboptimal, an
increase in measles coverage from 78.7% in 2018 to 93.72% in 2022 is detectable due to the
increased focus of national mandatory vaccination policies introduced in the post-Covid
era [34].
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For mumps, the percentage of unprotected HCWs would be particularly high while
that of immune individuals would be well below the WHO threshold established for herd
immunity (95%) [27].

The health professions trainees participating in this study were informed of the impor-
tance of vaccination with booster doses. This initiative was particularly important given the
critical role of vaccination in controlling HBV transmission, especially in at-risk populations
or in healthcare settings where exposure is more likely. Of these 1029 individuals, a signifi-
cant proportion, 92.4%, accepted the offer to receive the booster dose within two months of
the antibody titer measurement. This high acceptance rate reflects both the effectiveness
of the communication strategies used to inform individuals about the importance of HBV
immunity and, perhaps, an underlying awareness among the target population of the
risks associated with HBV infection. The uptake of the booster vaccine can be seen as a
positive outcome in terms of public health compliance and vaccine confidence, suggesting
a generally favourable attitude towards preventive health measures when clear guidance
and access are provided. It also underscores the value of targeted immunization campaigns
in reducing immunity gaps and reinforces the critical role of immunization programmes in
disease prevention efforts.

The result of our study data emphasises the importance of providing accurate in-
formation and ongoing training for healthcare workers in order to address concerns and
improve adherence to vaccination programmes. Educating workers about the safety and
effectiveness of vaccines is crucial in ensuring better participation and ultimately protecting
both healthcare workers and patients.

The study provides valuable insights into HBV immunity among healthcare trainees;
however, it is important to address the limitations of the study in future research. Firstly, the
sample diversity is limited because the participants are drawn from students and resident
doctors from both medical and surgical fields, which, while ensuring easy accessibility,
may result in a lack of diversity among the subjects. To improve the generalizability of
the findings, it would be beneficial to expand the study to include professionals from
different regions and healthcare institutions. Another limitation is the exclusive reliance on
anti-HB titers to assess immunity, without considering other HBV markers such as HBsAg
or anti-HBc. Including these markers would allow for a more comprehensive evaluation,
distinguishing between vaccine-induced immunity, natural immunity, and potential occult
infections. Another potential limitation is the time-lag bias, since individuals vaccinated
in infancy had a longer interval since their last dose compared to those vaccinated during
adolescence. This finding offers a potential explanation for the observed variations in
anti-HB persistence and should be taken into account when interpreting the results.

A further limitation of the study is that confounding factors such as body mass index
(BMI), smoking status, and comorbidities were not collected. It is recommended that
future research incorporate these variables in order to facilitate a more comprehensive
understanding of their potential influence on vaccine-induced immunity. In addition,
further studies are also needed to follow antibody persistence and response to booster
doses over several years, which would provide more robust conclusions.

5. Conclusions

This study highlights the importance of monitoring HBV immunity in healthcare
trainees, a group at an increased risk of occupational exposure to the virus. The results
show a significant difference in antibody persistence between those vaccinated in infancy
and those vaccinated in adolescence, highlighting the potential need for booster doses in
certain cases. By shedding light on the long-term effectiveness of the HBV vaccination
programmes, this research provides valuable data to inform public health policy and
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occupational health strategies. Ensuring adequate immunity among healthcare workers is
essential to minimise the risk of HBV transmission in clinical settings, thereby protecting
both healthcare workers and patients.

An encouraging aspect of this study is the high uptake of the vaccine among health-
care workers, with 92.4% of those who needed a booster dose receiving it within two
months. This demonstrates a high level of compliance with vaccination programmes in this
population, probably due to greater awareness of occupational risks and the importance
of vaccination in healthcare settings. Promoting vaccine education and reinforcing the
role of immunization in preventing HBV transmission will be critical to maintaining high
coverage rates and improving compliance in the wider healthcare workforce.
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