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ABSTRACT

ARTICLE HISTORY

In Italy, vaccination against hepatitis B became compulsory for all the newborns and 12-years-old
adolescents in 1991. The main purpose of this study was to evaluate the persistence of long-term
protection against HBV in medical students of the University of L’Aquila and in postgraduates Medical
Doctors (HCWs) working in San Salvatore Hospital. The second aim was to study the variables associated
with a protective anti-HBs antibody level, such as age at vaccination, gender, time elapsed from the last
dose of vaccination.
Three hundred and forty-two subjects were enrolled from January 2017 to January 2019 and a blood
sample was collected to evaluate the levels of serum HBsAg, anti-HBs and anti-HBc. Statistical analysis
calculated a multivariable logistic regression model to examine predictors of a protective anti-HBs titer.
The larger part (239, 70%) of the students had an anti-HBs titer >10 mIU/mL, those were statistically
significant older (26.7 vs 24.5 years, p < .001), vaccinated at age 12 years (83.5% vs 59.9% among vaccinate
at infancy, p < .001) and more frequently attending postgraduate medical school (80.8% vs 57.5% among
healthcare profession school, p < .001). The multivariable logistic regression model showed that HBV
vaccination at age of 12 was significantly and independently associated with protective titers (OR = 10.27,
p = .019).
The results agreed with literature on HBV vaccination, confirming the efficacy of vaccination after
20 years. In particular, our results suggest that adolescent administration is the main predictor of
a protective title, regardless of gender, course and years since vaccinations.
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Introduction
Hepatitis B Virus (HBV) represents a major cause of acute and
chronic liver disease. In Italy, since the 80s are available safe
and effective vaccines to prevent HBV infection and its serious
complications, including cirrhosis and hepatic cancer. In par
ticular, this country was one of the first, in 1983, to implement
a program of vaccination against hepatitis B targeted at the
immunization of person at high risk due to behavioral and
professional risks of exposure, including healthcare workers
(HCWs). In 1991, vaccination against hepatitis B became obli
gatory for all the newborns and 12-years-old adolescents.1 This
campaign, with a three-dose vaccine schedule, reached millions
of children in the following years, with immunization rates
approximately of 95%: only when the first cohort of infants
immunized in 1991 reached the age of 12 years, universal
vaccination was stopped in this age target and continued as
mandatory among newborns.2,3 Moreover, screening for
HBsAg became mandatory for pregnant women in the third
trimester of pregnancy, in order to identify babies in need of
treatment combining hepatitis B immune globulin (HBIG) and
hepatitis B vaccine at birth. In this way, according to the Italian
Law (Law n. 165 enacted on 27th May 1991), two cohorts of
people were vaccinated starting from 1991. The decision to
vaccinate two cohorts of people has the aim to accelerate the
reduction in incidence intervening on the intrafamilial
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transmission using new-born vaccination and taking action
also on sexual transmission. In particular administering the
first vaccine dose to 12 years old people from 1991 to 2000, it
has been achieved antibody coverage against HBV in people
from 0 to 24 years old.
Nevertheless, HCWs, Healthcare students (HCSs) and other
professional categories, still need to be considered at high risk
for HBV exposure4 with a probability of contracting infection
four times greater than the general population.5 In order to
protect these professional categories, the Italian Law Decree
81/2008 regulated the policy of vaccination against HBV in
healthcare workers requesting employees to carry out the vac
cination, free of charge for those exposed to biological risk.6
Currently, the Italian Vaccine Prevention Plan 2017–2019
recommends the routine detection of anti-HBsAg anti-bodies
titer in serum together with the vaccination against HBV for all
susceptible professional categories, especially for HCWs and
HCSs.7 This type of control is essential to assess a protective
immunological memory, in particular, an anti-HBsAg antibodies titer higher than 10 mIU/mL is certainly protective.
The immunogenicity elicited by the HBV vaccine has been
established in several studies in children, adults and adoles
cents, both for the monovalent and combined formulation.
Several studies have shown that the concomitant administra
tion of other vaccines does not seem to influence the onset of
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immunogenicity and long-term follow-up studies investigated
the decline of the HBsAg Ab titers following the primary
immunization.8–11 Medical doctors starting the resident pro
gram and Medicine Students attending the third year course
have received the vaccine dose about 20 years earlier, therefore
it is necessary to measure the antibody titer anti-HBV.
After 25 years from the beginning of the universal immu
nization campaign against HBV in Italy, few published studies
in occupational settings confirm the long-term persistence of
anti-HBs antibody levels against HBV infection in HCSs and
HCWs exposed to biological risk. In order to investigate this
point, we conducted an observational study in HCSs and
HCWs attending the San Salvatore Hospital and followed
within the Occupational Health Surveillance Program at occu
pational medicine clinic of University of L’Aquila.
Italian Law provides for a booster vaccine dose only when
the person is exposed to a professional risk, so our study wants
to demonstrate the importance of evaluating antibody titer
against HBV during Occupational Health Surveillance in
workers exposed to biological risk and, if necessary, of admin
istering a booster dose if the titer is below 10 mIU/mL.
The main aim of this study was to evaluate the persistence of
long-term immunogenicity of HBV in students of the School of
Medicine at the University of L’Aquila (HCSs) and in postgradu
ates Medical Doctors (HCWs) who are working in San Salvatore
Hospital; to measure and compare the persistence of protective
anti-HBs antibody levels in both groups properly immunized
during infancy or in adolescence. A second aim was to study the
variables associated with a protective anti-HBs antibody level at
the first preventive medical examination, such as age at vaccina
tion, gender, time elapsed from the last dose of vaccination.

Materials and methods
According to the Italian Law Decree 81/2008 and the Italian
Ministry of Health, students attending schools of the health
care professions or postgraduate medical schools of the
University of L’Aquila, were examined for professional risks
during Occupational Health Surveillance Program at occupa
tional medicine clinic. During the preventive medical exami
nation, a standardized medical record was compiled, including
socio-demographic and clinical information. Furthermore,
a personal objective exam was conducted for each subject
before blood sampling, through which the levels of serum
HBsAg, anti-HBs and anti-HBc were evaluated. Data for each
subject examined from January 2017 to December 2019 were
collected. Subsequently, subjects who met at least one of the
following exclusion criteria were excluded: a) HBsAg personal
or maternal positivity, chronic diseases or immunosuppres
sion; b) absence of primary documentation of vaccination for
HBV; c) recent booster dose of HBV vaccine. According to
Italian law, the subjects were requested to provide written
informed consent to the processing of data. Moreover,
although it is not required in Italy for observational studies,
approval of the Local Ethics Committee was also obtained.
Serological tests. Serological analyses were performed with
commercial chemiluminescence assays (VITROS anti-HBs
assay on the Vitros ECI Immunodiagnostic system, OrthoClinical Diagnostics, UK). In particular, the antibody to the

hepatitis B surface antigen (anti-HBs) levels was expressed as
mIU/mL. The level of anti-HBs above 10 mIU/mL was con
sidered protective against HBV infection.
Statistical analysis. Statistical analysis was performed with
Stata software version 14.1 (February 2016). The significance
level chosen for all analyses was.05, 2-tailed. Absolute and
relative frequencies were calculated for qualitative variables,
whereas normally distributed quantitative variables were sum
marized as mean (standard deviation). Data normality was
verified by the Shapiro–Wilk test for normality. Categorical
variables were analyzed using the chi-square test (Mantel–
Haenszel), means were compared by using the Wilcoxon rank
sum test. Adjusted odds ratios (ORs) and 95% confidence inter
vals (CIs) were also calculated by a multivariable logistic regres
sion model constructed to examine predictors of anti-HBs titer
above 10 mIU/mL assumed as protective. All variables found to
have a statistically significant association (P < .05) with anti-HBs
titer > 10 mIU/mL were entered in multivariate logistic regres
sion model in order to check for independence. In the multi
variate analysis, age was included as a continuous variable.

Results
From January 2017 to December 2019, 342 HCWs and HCSs
met the inclusion criteria, properly followed all the procedures
foreseen in the study protocol and gave a written informed
consent. The majority of the subjects were females (216, 63.2%)
and had a mean age of 26.1 (4.2 SD). Many subjects (53.2%)
enrolled were post-graduate medical doctors.
All considered subjects were vaccinated for HBV and
HBsAg/anti-HBc negative. One hundred and ninety-seven
(57.6%) students received a course of 3 pediatric doses (10 μg)
of recombinant hepatitis B vaccine at their 3rd, 5th and 11th
months of postnatal life and 145 (42.4%) received a course of 3
adult doses (20 μg) of the same vaccine when they were 12 years
old, according to the current law in Italy. The larger part (70%)
of the students had an anti-HBs titer >10 mIU/mL (Table 1).
Students with protective anti-HBs titer were statistically
significantly older (26.7 vs 24.5 years, p < .001), vaccinated at
age 12 years (83.5% vs 59.9% among vaccinate at infancy,
p < .001) and more frequently attending postgraduate medical
school (80.8% vs 57.5% among healthcare profession school,
p < .001). No statistically significant differences were observed
in antibody titer between males and females (p = .217) and
years after HBV vaccination (20.4 vs 20.9, p = .119). The longterm efficacy of HBV vaccination is confirmed when one con
siders that none of vaccinated subjects in the current study was
found to be HBsAg/anti-HBc positive.
The multivariable logistic regression model (Table 2) shows
that after controlling for confounding, HBV vaccination at age
of 12 was significantly associated with a protective Hepatitis
B surface antibody titers (OR = 10.27 95% CI = 1.47–71.81) as
well as University Course (Postgraduate medical school vs
Healthcare Profession School OR = 2.76 95% CI = 1.31–5.83).

Discussion
HBV infections have been recognized as an important risk for
health-care professionals: they are considered to be a population
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Table 1. Variables associated with persistence of protective Hepatitis B surface antibody titers.
Anti-HBs≥10mIU/mL
N (%)
Sex
Male, n (%)
Female, n (%)
Age in year (mean±SD)
Years since HBV vaccination
(mean±SD)
University course
Healthcare profession school, n (%)
Postgraduate students, n (%)
GMC of anti-HBs (mIU/mL)

Anti-HBs <10mIU/mL

Vaccinated at infancy Vaccinated at age 12 years
118 (59.9)
121 (83.5)
41 (12)
77 (22.5)
23.3 ± 2.3
22.4 ± 2.2

42 (12.3)
79 (23.1)
30.1 ± 2.8
18.4 ± 2.9

85 (24.9)
33 (9.6)
53.7

7 (2.1)
114 (33.3)
191.1

P value
<0.001a
0.995a
<0.001b
<0.001b
<0.001a
0.0025b

Vaccinated at infancy Vaccinated at age 12 years
79 (40.1)
24 (16.5)
33 (9.6)
46 (13.5)
22.8 ± 2.0
21.8 ± 1.6

10 (2.9)
14 (4.1)
29.9 ± 2.0
18 ± 2.1

67 (19.6)
12 (3.5)
2.5

1 (0.7)
23 (6.7)
2.1

P value
<0.001a
0.993a
<0.001b
<0.001b
<0.001a
0.8653b

a

Pearson chi-squared test for categorical variables.
Mann–Whitney U Test.

b

Table 2. Multivariable logistic regression model including variables associated
with Hepatitis B surface antibody titers ≥ 10 mIU/mL.
P value

OR

C.I.

0.008

2.76

1.31–5.83

0.019

10.27

1.47–71.81

0.356

0.79

0.48–1.30

0.082

0.56

0.29–1.08

0.096

1.17

0.97–1.42

University course, n (%)
● Healthcare profession school
● Postgraduate medical school
Vaccination period
● Vaccinated at infancy
● Vaccinated at age 12 years
Sex
● Male
● Female
Age

a

Years since HBV vaccination
a

as class of age on 4-points ordinal scale.

at high-risk to develop HBV infection due to the high transmis
sibility of the virus and the risk related to occupational
injuries.12,13 The World Health Organization (WHO) estimates
that more than 300,000 HCWs are exposed every year to acci
dental percutaneous contact with contaminated fomites, and
that about 66,000 of them become infected.12–14 Thus, antiHBV vaccination is recommended for all HCWs independently
of job duty.4,15 Furthermore, the healthcare profession and
postgraduate medical students have a high occupational risk
for HBV infection, also in countries with a low incidence of
the disease.16–18 Particularly, in Italy several studies have
demonstrated that healthcare workers and students could have
a risk that is low but not negligible. Despite such evidence, for
health professionals as well as for students there is no obligation
of vaccination, which is recommended only.7,19 Fortunately
a large majority of young Italian students have been vaccinated
according to the national immunization program that, since
1991, has included HBV vaccination as compulsory for infants
and adolescents aged 12 years. Adolescent’s vaccination was
restricted to the first 12 years of the implementation of the
vaccination law and, thus, in 2004, vaccination of 12-year-olds
was stopped, but retained for infants. Although in the Italian
Ministry of Health recommendations there are currently no
indications to test the antibody titer after administration of the
complete HBV vaccination cycle in the general population, the
results of our study highlight that up to 35% of people tested
20 years after the primary vaccination had a titer <10 mIU/mL,
showing a potential lack of protection, at an age in which the

exposure to HBV from nonprofessional sources may happen
(sexual activity, drug abuse, etc.).
In particular, our study shows suboptimal levels of protection
among HCWs vaccinated during infancy or adolescence. The
prevalence of a protective anti-HB titer in pre-employment
screening was statistically associated with the age of vaccination,
attending to post-graduated medical school and age. No associa
tion was found with sex and time elapsed from last vaccination.
Subjects vaccinated at an age of one year were significantly less
protected than HCWs vaccinated at 12 years, even after control
ling for the possible confounding effect of time elapsed from the
vaccination, sex and university course. Our results suggest that
adolescent administration is the main predictor of a protective
title, regardless of gender, course and years since vaccinations.
The most significant variable is the vaccination period.
However, by including age in the multivariate analysis, the
University course emerged as a significant determinant of
immunization status. This association probably is due to an
interaction effect between age and course: a subgroup of older
postgraduate medical doctors received the first vaccination dose
in the adolescent period according to the Italian Law (no. 165
enacted on 27th May 1991).
To explain the fact that post-graduate medical doctors, who
received 20 μg dosage, have a higher antibody titer than med
ical students, it is worth to remember that higher seroconver
sion and response rates were elicited by the higher dose.20
Moreover it is widely known that in older children and
adults, higher primary vaccine dosages also elicit greater anti
body response and persistence.21
Many studies suggest that enhance vaccine antigen dosages
can yield better seroconversion rates for adults22,23 and better
immunogenicity may be obtained in elderly adults by admin
istering 20 μg or more of the vaccine.24
We should also consider that the infant immune system has
been characterized as immature, with a restricted immunoglo
bulin repertoire having low-affinity antibody responses as well
as an impaired T cell function with poor B and T cell
interaction.25 The Th2/regulatory T cell-type response and
reduced B cell somatic hypermutation that predominates in
early infancy results in immune tolerance and a diminished
humoral response, which shifts to a Th1-type response and
a progressive maturation of immunoglobulin class switching
and responses through the first year of life.26
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Although HBV vaccination has been carried out for several
years, the debate on the duration of protection is still open.
Furthermore, the fact that the post-immunization (four weeks
after the first series of vaccinations) is not always available and
the questions on the real need and effectiveness of booster
doses still remain unanswered. Experts have been dealing
with these issues since the creation of the universal HBV
vaccine policy for infants, children and adolescents. In 1996,
notably five years after the institution of mandatory vaccina
tion of infants and 12-year-old children, research was con
ducted to verify the persistence of anti-HB concentrations
>10 mIU/mL in the population who underwent the vaccine.
It was found that 92.9% of children and 94.1% of teenagers
were protected against HBV (anti-HB titer >10 mIU/mL). In
adolescents, the antibody levels were much higher than in
children.27
As demonstrated by several studies, administration of HBV
as part of a combination vaccine or as a monovalent vaccine
induces long-lasting immune memory against HBV with longterm antibody persistence. Several studies have reported that
85–90% of those vaccinated as adolescents have anti-HBs levels
>10 mIU/mL when measured 10 years after vaccination. This
percentage was 40–60% for those vaccinated as infants, as
measured 15–20 years after vaccination.28,29 These data are
consistent with results obtained by the authors of the presented
study, since more than 60% of their students had anti-HBV
titers above 10 mIU/mL, also more than 20 years after vaccina
tion. Moreover, it should be pointed out that none of them
received a booster dose after the primary vaccination program,
and in the primary documentation of vaccination for HBV no
date was indicated for its administration. In the experience of
the authors, they observed that this habit is also common
among the general population. Despite declining serum levels
of antibody, international evidence shows that vaccine-induced
immunity continues to prevent clinical disease or detectable
viremic HBV infection.30 So, it would seem that administering
the vaccine at 12 years of age induces a better immune system
response. Such a better response could suggest the usefulness of
administering, in addition to compulsory vaccination at birth,
a dose booster in professionally exposed persons. In this con
text, the evaluation of serum levels during Occupational Health
Surveillance Program is of crucial importance in order to
detect and possibly subject a dose booster to those who have
received vaccination in childhood and are now unprotected
(33.9% in this study). However, the fact that vaccination at 12
works better must not be taken into account: it is not a data of
operational health significance because according to the Italian
Law it is compulsory to vaccinate all newborns.
In fact, even the CDC recommends pre-exposure assess
ment of current or past anti-HBs results upon matricula
tion, followed by one or more additional doses of HBV
vaccine for subjects with anti-HBs <10 mIU/mL, if neces
sary, helps to ensure HBV protection after contacts with
blood or body fluids.4
This research has some limitations: it was a retrospective,
observational study, and we had no data available on the formula
tion, and sociodemographic characteristics. Despite these limita
tions, this study enriches the literature on HBV vaccination and
offers additional knowledge and reflections on the persistence of

anti-HBV immunity approximately two decades after vaccination
from early childhood. Moreover, this investigation highlights that
although anti-HBV vaccination is associated with long persistence
of protective titers, several students and post-graduates of the
Medical School could benefit from a booster dose.
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