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Abstract
Objectives: Since 1991 hepatitis B vaccination has been mandatory for all newborns in Italy. The aim of the study was to verify the long-term sero-
prevalence and the efficacy of hepatitis B vaccination in medical students of the University of Siena. Material and Methods: A cross-sectional ob-
servational study was conducted on a population of 850 medical students of the University of Siena (322 males and 528 females, mean age: 23 years) 
by obtaining from the medical reports the serological analysis data for the total anti-hepatitis B antibodies (HBsAb) and information on hepatitis B 
vaccination (number of vaccine doses, age at the first vaccination, time since the final vaccination dose, country of origin). Raw odds ratios (ORs) 
and 95% confidence intervals (CIs) were initially calculated to evaluate the association between 2 variables. The adjusted ORs were then calculated 
using a multivariate logistic regression model to study the association between the variables and the possible confounding factors. Results: Overall, 
593 students (69.76%) were immunized against hepatitis B, while 257 (30.24%) had HBsAb antibody titer <10 mIU/ml. From the OR calculation, 
an inverse correlation emerged between seropositivity to hepatitis B and age, and between seropositivity to hepatitis B and the age at the first vac-
cination dose. There was also a correlation between seropositivity and the number of vaccination doses received. By performing the multivariate 
logistic analysis, correlations with these variables were confirmed. Conclusions: A significant part of the studied population was not immunized 
against hepatitis B virus, despite the fact that vaccination had been carried out as prescribed by law. The results of the study reaffirm the importance 
of health surveillance in subjects at biological risk such as medical students. Int J Occup Med Environ Health. 2022;35(1):75 – 80
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age: 23 years, range: 18–72 years, 811 Italians and 39 for-
eigners). The  exclusion criteria in the  population selec-
tion were as follows:

 – a lack of a vaccination booklet,
 – a lack of any serological tests,
 – hepatitis B vaccination not carried out,
 – students with chronic hepatitis B.

A cross-sectional observational study was conducted. 
By reviewing the medical records compiled in the health 
surveillance program of the participants in these degree 
courses, the following data were obtained:

 – a serological analysis report for HBsAb and hepatitis B 
surface antigen (HBsAg),

 – the number of doses of the hepatitis B vaccine received 
by each student (1, 2, ≥3),

 – age at which the  first vaccination dose was adminis-
trated (in or after the first year of age),

 – elapsed time since the final vaccination dose (>20 years 
or <20 years),

 – where the students come from (born in Italy or abroad).
The HBsAb titer was detected using the  immunofluo-
rescence technique (CMIA, Abbott Laboratories, Abbott 
Park, U.S). The  serological reference values of the  total 
HBsAb were the  international values used by the WHO 
standard criteria. For the purposes of the study, students 
with HBsAb ≥10 mIU/ml were considered protected 
against hepatitis B, a value also considered in other Ital-
ian and international studies [4–8].

Statistical analysis
A minimum sample size of 839 was estimated consider-
ing a prevalence of immunized persons at 30%, as report-
ed by Dini et al. [6], with the first type error of 0.05 and 
precision of about 0.03.
Preliminary descriptive analysis was carried out, and 
qualitative variables were summarized with absolute fre-
quencies and percentages, the quantitative ones being de-
noted as mean (M) ± standard deviation (SD).

INTRODUCTION
Hepatitis B represents a  worldwide public health con-
cern. Vaccination is an effective form of infection preven-
tion [1,2]; therefore, many countries have established ex-
tensive vaccination programs [3]. Since 1991 hepatitis B 
vaccination has been mandatory in Italy for all newborns 
with a scheme that provides the administration of 3 doses 
at the third, fifth, and 11th month of life. In order to be 
considered immunized against the hepatitis  B virus, 
a  person is required to have the  minimum serological 
antibody concentration of ≥10 mIU/ml – a target that is 
usually reached after having administered the 3 compul-
sory boosters. In some individuals, the antibody response 
may become less effective over time.
For this reason, a  periodic evaluation of the  total anti-
hepatitis B antibodies (HBsAb) is recommended in sub-
jects exposed to jobs at risk (such as healthcare workers), 
as well as consulting the occupational physician in order 
to establish suitability for the  job. At  the  University of 
Siena, medical students who, among other things, access 
the hospital to carry out training internships, are checked 
to verify if they are immune to hepatitis B by means of 
HBsAb, and the  subjects who prove to be seronegative 
are then given the  vaccination according to the  criteria 
described above.
The study aimed to verify the  long-term seroprevalence 
and the efficacy of hepatitis B vaccination in students en-
rolled in degree courses in medicine and surgery, dentistry 
and other medical professions at the University of Siena.

MATERIAL AND METHODS
Subjects and settings
Among a  total population of 1107 students enrolled in 
the degree courses in medicine and surgery, dentistry and 
other health professions at the University of Siena, who 
were given a  preventive examination in March 2018– 
March 2020 before the start of their internship, 850 sub-
jects were selected (322 males and 528 females, mean 
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95% CI: 0.20–0.86); with the number of doses performed 
(OR = 0.45, 95% CI: 0.24–0.84). The calculation of the raw 
ORs showed no significant association between hepatitis B 
seropositivity and nationality (Italian or foreign), gender 
or if the last dose was given >20 years or <20 years before. 
Table  2 summarizes the  values of the  main variables in 
the subjects immunized and non-immunized to HBV, and 
the relative p-value obtained from the OR calculation.

DISCUSSION
Transmission of the hepatitis B virus within the health-
care setting is universally recognized as an important 
source of new infections. This is largely due to the expo-
sure of healthcare workers and medical students (such as 
the studied population) to potentially infected materials 
and objects such as needles and scalpels.
In Italy, the hepatitis B vaccine has been compulsory since 
1991. However, any booster dose for health professionals 
who are no longer immunized are not mandatory, even 
though strongly recommended.
The results have shown that >30% of the students were not 
immunized against the hepatitis B virus and, therefore, 
were at risk of contracting the infection. This percentage 
is similar to that observed by Dini et al.  [6] in the stu-
dents who attended the University Hospital San Martino 
in Genoa, but higher than those reported in other Italian 
studies  [7,9,10]. In other Italian hospitals, seronegative 
students made up about 38% of the total [8,11]. Errors 
in administering the number of doses required (12 stu-
dents took <3 doses) or in administering the doses (the 
site and method of administration) may be a possible ex-
planation for the reduced vaccination coverage in some 
subjects.
In the  studied population, the  students who received 
the  vaccine within the  first year of age were less effec-
tively covered, compared to those who received it later, 
confirming the results of another study [8], while being 
in contrast to the  WHO recommendations that stress 

The association between the  variables was carried out 
using the χ2 test and the t-test to evaluate the age differ-
ence between the 2 groups.
Crude odds ratios (ORs) and their 95% confidence inter-
vals (CIs) were estimated. The  adjusted ORs were then 
estimated using a multivariate logistic regression model 
and performing a  stepwise procedure. The  model was 
firstly constituted by significant variables at the univari-
ate analysis. The p-value of <0.05 was considered statisti-
cally significant. The  statistical analysis was carried out 
using STATA SE/16.0 (StataCorp LLC, Texas, USA).

RESULTS
Based on analyzing the serological results, 593 students 
(69.76%) were immunized against hepatitis B, while 257 
(30.24%) had HBsAb <10 mIU/ml.
Table  1 shows the  characteristics of the  population 
of 850 students working in the health service sector di-
vided by gender, nationality, the  number of hepatitis B 
vaccination doses received, the age at which the first vac-
cination dose was administrated, and the  elapsed time 
since the last vaccination.
From the OR calculation, an inverse correlation emerged 
between seropositivity to hepatitis B and age, and be-
tween seropositivity to hepatitis B and the age at which 
the first vaccination dose was administered. This means 
that the  younger the  subject, the  greater the  prob-
ability of immunity to hepatitis B (OR  = 0.92, 95% CI: 
0.88–0.95), while those who received the  first vaccina-
tion dose within a year after birth were less likely to be 
immune to hepatitis  B (OR  = 0.31, 95% CI: 0.16–0.60). 
There was also a  correlation between seropositivity and 
the number of vaccination doses carried out, with a lower 
probability of immunization when the  doses decreased 
(OR = 0.53, 95% CI: 0.32–0.88). By performing the multi-
variate logistic analysis, correlations with these variables 
were confirmed according to age (OR  = 0.92, 95%  CI: 
0.85–0.98); with the  age at the  first dose (OR  = 0.42, 
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subjects, in order to increase the  total vaccination 
coverage  [12–14]. In  this regard, in an Italian popu-
lation of students in the  health sector, an anamnestic 
response was observed in  >95% of the  subjects who 
had received the  booster dose because they were not 
immunized [6].
In the  studied population, there were no relevant dif-
ferences between the  students who had been vacci-
nated >20  years before and those vaccinated <20 years 
before, while another study found a  significant decline 

the importance of vaccinating infants at birth to prevent 
perinatal transmission [2]. One possible explanation may 
be the  lesser interaction between T and B lymphocytes 
in the infant rather than in the more mature child. There 
may also be an individual variability in the immune re-
sponse to vaccination with consequent variability in 
the post-vaccination immunity.
The correlation between the  immunization status and 
the  number of doses administrated confirms the  use-
fulness of booster doses of the  vaccine in uncovered 

Table 1. Characteristics of a population of 850 medical students who were given a preventive examination at the University of Siena  
in March 2018–March 2020, divided into immunized and non-immunized students

Variable

Participants
(N = 850)

total
antibodies concentration

<10 mIU/ml
(N = 257, 30.24%)

>10 mIU/ml
(N = 593, 69.76%)

Age [years]

M±SD 24±3.34 23±2.47 24±3.61

min.–max 18–72 18–46 18–72

Gender [n (%)]

males 322 (37.88) 94 (29.19) 228 (70.81)

females 528 (62.12) 163 (30.87) 365 (69.13)

Nationality [n (%)]

Italian 811 (95.41) 247 (30.46) 564 (69.54)

foreign 39 (4.59) 10 (25.64) 29 (74.36)

Age at the first vaccination dose [n (%)]

first year of age 765 (90) 246 (32.16) 519 (67.84)

after the first year 85 (10) 11 (12.94) 74 (87.06)

Elapsed time since the last vaccination [n (%)]

<20 years 207 (24.35) 62 (29.95) 145 (70.05)

>20 years 643 (75.65) 195 (30.33) 448 (69.67)

Hepatitis B vaccination doses administrated [n (%)]

1 3 (0.35) 2 (66.67) 1 (33.33)

2 9 (1.06) 4 (44.44) 5 (55.56)

3 799 (94) 244 (30.54) 555 (69.46)

4 35 (4.12) 7 (20) 28 (80)

5 4 (0.47) 0 (0) 4 (100)
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