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ABSTRACT

Background: Students in medicine and other health professions are exposed to numerous occupational hazards,
primarily biological hazards, during their academic careers at university. The aim of the present study was to
investigate the seroprevalence characteristics of anti-HBsAg, anti-Measles, anti-Mumps, anti-Rubella and anti-
Varicella IgG antibodies in healthcare students of a large teaching hospital in Rome. Methods: To accomplish
the study’s aims, antibody serology data were gathered from students of Medicine and Surgery, Dentistry, and
Health Professions at the Catholic University of the Sacred Heart (Rome Campus) during their first Health
Surveillance visit, that took place from 2013 to 2023. Results: Our study sample included 2523 students, 44.4 %
were protected against Hepatitis B, 87.3 % against measles, 85.5 % against mumps, 94.6 % rubella and 95.2 %
against varicella. Differences in antibody coverage between age groups were statistically significant (p < 0.001),
except for mumps. It found a lower probability of having seronegative anti-HBVs with an older date since the
presumed primary vaccination. Conclusion: In our sample, seropositivity rate against vaccine-preventable dis-
eases, especially for Hepatitis B, was often inadequate to prevent possible biological risks connected with the
activities carried out on the ward.

1. Introduction

high-risk patients and other Healthcare Workers (HCWs). During their
training, healthcare students frequently experience accidental blood

Students in medicine and other health professions are exposed to
numerous occupational hazards, primarily biological hazards, during
their academic careers at university [1]. Active immunization is a pri-
mary prevention measure that can control and reduce the transmission
of Vaccine-Preventable Diseases (VPDs) [2]. Students in the healthcare
field spend a portion of their education in healthcare facilities, making
them an essential target audience. It is essential to vaccinate healthcare
students to prevent them from contracting and transmitting VPDs to
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exposure and lapses in infection control measures [3,4].

There have been multiple clusters of vaccine-preventable diseases in
numerous Italian healthcare facilities; therefore, strict infection control
and an immunization plan are required to prevent nosocomial outbreaks
[5-7]. In Italy, hepatitis B, measles, mumps, rubella, diphtheria-tetanus-
pertussis (DTP), and influenza vaccinations are strongly recommended
for HCWs and students of the health professions, according to The Na-
tional Preventive Vaccination Plan (PNPV) 2023-2025 [8-10]; while in
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Europe, HBV vaccination is mandatory for healthcare students in five
countries (Belgium, Czech Republic, France, Poland, Slovenia) [11].
Furthermore, during the COVID-19 pandemic, the vaccination against
SarsCov-2 was mandatory for all healthcare personnel [12], encom-
passing healthcare students, as observed in Italy and various other na-
tions [13]. The integration of such health policy possesses the capacity
to fortify the resolve of students towards the advocacy of public health
measures. The comprehension and perceptions of students pursuing
health professions concerning public health [14,15] and obligatory
immunization form a critical cornerstone for the development of a
health system characterized by its resilience and proactive stance. The
pedagogical focus on these domains serves not solely to equip students
with the requisite acumen for adeptly navigating impending health-
related challenges but also to inculcate a commitment to responsible
conduct and the adoption of practices grounded in empirical evidence
among the forthcoming cadre of health sector professionals.

The Department of Prevention and Protection and the Division of
Occupational Medicine should promote the vaccination program to all
HCWs without serological evidence of vaccination coverage. Since 1982,
in Italy, vaccination against the mumps virus has been recommended —
but not mandatory — for all susceptible males. In 1999, however, the
MMR vaccine was available — although not mandatory — to prevent
measles, mumps, and rubella [16]. Since June 2017, the MMR vaccine
has been mandatory for infants and children 0-16 years old in Italy, and
the National Vaccination Prevention Plan 2023-2025 strongly recom-
mends it for HCWs. Hepatitis B virus (HBV) vaccination is mandated by
Italian Law 165/1991 [17,18] for all neonates at three months of age
and for all adolescents during their twelfth year. As a result, a national
HBV vaccination program was established, targeting all infants born
since 1992 (requiring vaccinations at three, five, and eleven months of
life) and all adolescents born between January 1, 1980, and December
31, 1991 (requiring vaccinations at zero, one, and six months later). The
vaccination campaigns organized in compliance with this law were
effective in reducing the non-vaccinated number of people who incurred
in the HBV infection [19]. Either a documented history of a complete
vaccination cycle (2 doses) or an IgG test for measles, mumps, rubella,
and varicella confirms immunization status. Except for varicella, a
recollection of illness should not normally be considered proof of im-
munity. In immunocompetent people, three doses of hepatitis B virus
vaccine provide around 95 % long-term immunization coverage, with a
protective antibody titer identified in 88 % of vaccinated healthcare
professionals 20 years after the first vaccination [20,21]. Although
public health campaigns in Italy have reduced HBV transmission, spe-
cific professional groups, such as physicians and health professions
students, are still deemed to be at high risk of HBV exposure [22-24]
since they are four times more likely to be infected than the general
population [22].Two doses of MMR vaccine are required to develop an
optimal antibody titre [25,26]. Similarly, two doses of live attenuated
vaccination against Varicella Zoster Virus (VZV) are considered very
effective (in 99 % of vaccines), with an 80 % decrease in cases among
healthcare staff exposed to the risk [27-29]. However, among HCWs,
sub-optimal immunization rates have been reported for some VPDs,
including workers employed in high-risk settings [30-34]. As high-
lighted by some seroprevalence studies, not all HCWs involved had
optimal immunization against measles, mumps, rubella, varicella and
hepatitis B [35]. Since healthcare students and trainees are a group of
subjects that can be exposed to these pathogens many years after
receiving the primary vaccination, and, in addition, could be at higher
risk of needle-stick and sharp injuries due to the lack of experience [36],
the aim of the present study was to investigate the seroprevalence
characteristics of anti-HBsAg, anti-Measles, anti-Mumps, anti-Rubella
and anti-Varicella IgG antibodies in the healthcare students of a large
teaching hospital in Rome. The analyses also include the descriptive
study of demographic factors (age, gender, course of study) correlated
with their seropositive rates in the observed sample.
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2. Materials and methods

The current study is a cross-sectional study. To accomplish the
study’s aims, antibody serology data were gathered from healthcare
students at the Catholic University of the Sacred Heart (Rome Campus)
during their first Health Surveillance visit, that took place from 2013 to
2023. These measurements are routine and annual in Catholic Univer-
sity students, and an informed consent was provided by the Occupa-
tional Physician and signed by the student during the visit; only data
from students who consented to data collection and processing for
research purposes, in accordance with Legislative Decree 196/2003,
were used in the present research. The students were divided into two
groups:

(1) The six-year single-cycle degrees (medicine and dentistry);

(2) The three-year health professions degrees (nursing, physio-
therapy, midwifery, dietician, cosmetology sciences and tech-
niques, biomedical laboratory techniques, speech therapy,
cardiocirculatory physiopathology and cardiovascular perfusion
techniques, occupational therapy, dental hygiene, health
biotechnology, medical radiology techniques, orthoptics and
ophthalmology, prevention techniques in the environment and
workplace, pharmacy, hearing aid techniques, orthopedic tech-
niques, developmental neuro and psychomotricity therapy
students).

The research project was approved by the Ethics Committee for
Scientific Research (CERS) of the Catholic University of the Sacred Heart
(protocol n. 4883). The study was conducted under the Declaration of
Helsinki and under the requirements of privacy and informed consent
laid down by current Italian law (Law Decree 196,/2003).

2.1. Data collection

Data collection has been anonymised and processed in compliance
with European Regulation 2016/679 on privacy (so-called GDPR), D.
Lgs. 196/2003 (“Code on the protection of personal data” and subse-
quent supplements) and D. Lgs.101/2018. The collected data has been
recorded on a single anonymised and computerized database accessible
only to researchers and kept in accordance with current legislation.

2.2. Antibody measurement

Anti-HBsAg and anti-Rubella IgG antibodies were detected by
chemiluminescence immunoassay (CLIA) on the Atellica platform of the
Siemens company; anti-Measles, anti-Mumps and anti-Varicella 1gG
antibodies were analyzed by enzyme-linked immunosorbent assay
(ELISA) on Analyzer platform with kit from EUROIMMUN company.
Antibodies were categorized into qualitative outcomes (positive, nega-
tive, or equivocal) based on the manufacturer’s specified criteria. In
instances where the serologic test yielded equivocal results, they were
interpreted as negative in alignment with the guidelines from the Cen-
ters for Disease Control and Prevention [37].

2.3. Inclusion criteria

Age > 18 years;

Having carried out a health surveillance visit during their studies in
Medicine, Dentistry or Health Professions at the Catholic University of
the Sacred Heart in Rome;

To have the result of at least one of the five tests (anti-HBsAg, anti-
rubella, anti-measles, anti-mumps or anti-varicella IgG);

To accept the informed consent to the processing of data, self-
declaring that they have read and understood the information notice.
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2.4. Statistical analysis

The dependent variables were serum anti-HBsAg, anti-rubella, anti-
measles, anti-mumps and anti-varicella IgG. The independent vari-
ables were gender (male or female), study field and years of birth. The
latter was stratified into four categories to make the groups numerically
homogeneous, following the quartile division, as shown in table 1; we
chose to include all the data because, even though the range may appear
extensive, most patients (n = 510) are concentrated between 1994 and
1997.

Antibody levels were reported as ‘positive’ or ‘negative’ and bivar-
iate analyses were performed to study the association of presence of
antibody positivity, assuming that this result indicates an immunization
against the virus, with relevant variables using Chi-square tests; logistic
regression was performed to evaluate the factors independently associ-
ated with antibody positivity for anti-measles, hepatitis B, mumps,
rubella and varicella IgG. The level of significance was set at 0.05. An-
alyses have been performed with STATA, version 17 (StataCorp. 2021.
Stata Statistical Software: Release 17. College Station, TX: StataCorp
LLC).

3. Results

A total of 2523 students were examined, of which 68.5 % were fe-
males and the mean age was 22.2 + 3.8 years; they were almost equally
divided in two categories based on study field (49.9 % three-year health
professions degrees students and 50.1 % six-year single-cycle degree
students) (Table 1).

Based on antibody serology, 44.4 % (n = 1119) of the students were
protected against Hepatitis B, 87.3 % (n = 2165) against measles, 85.5 %
(n = 2121) against mumps, 94.6 % (n = 2348) against rubella and 95.2
% (n = 2363) against varicella (Table 2).

Table 3 highlights the results of the bivariate analyses. There were no
statistically significant differences observed between genders and areas
of study concerning seropositivity rate for the investigated infections,
except for mumps where a notable distinction (p < 0.02) was observed
among students with diverse educational backgrounds; on the other
hand, differences in antibody coverage between age groups were sta-
tistically significant (p < 0.001) for hepatitis b, measles, rubella and
varicella, with the exception of mumps this time (Table 3).

Table 4 highlights the results of the logistic regression analyses. The
prevalence of antiHBVs seronegative appeared to have an inverse cor-
relation with older age, so younger students were more likely to be
negative (1998-99 OR = 0.75, CI 0.61-0.93; 2000-01 OR 0.50, CI
0.41-0.62; 2002-04 OR 0.40, CI 0.31-0.52). (Table 4) Regarding anti-
body coverage of measles (1998-99 OR = 1.37, CI 1.01-1.86; 2000-01
OR = 1.86, CI 1.35-2.56; 2002-04 OR = 2.08, CI 1.40-3.10) rubella
(1998-99 OR = 2.82, CI 1.75-4.55; 2000-01 OR = 2.64, CI 1.66-4.18;
2002-04 OR = 4.38, CI 2.21-8.68) and varicella (1998-99 OR =1.98, CI
1.26-3.11; 2000-01 OR = 3.34, CI 1.95-5.70; 2002-04 OR = 4.23, CI
1.98-9.04), younger students were more likely to be positive. (Table 4)

Table 1

Characteristics of the study population.
Variable n %
Gender
Female 1728 68.5
Male 795 31.5
Study field
Three-year health professions degrees students 1259 49.9
Six-year single-cycle degree students (Medicine and dentistry) 1264 50.1
Years of birth
2002-2004 407 16.1
2000-2001 678 26.9
1998-1999 693 27.5
1966-1997 745 29.5
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Table 2
Antibody serology.
n %

HBV
Pos 1119 44.4
Neg 1399 55.6
MEASLES
Pos 2165 87.3
Neg 314 12.7
MUMPS
Pos 2121 85.5
Neg 359 14.5
RUBELLA
Pos 2348 94.6
Neg 133 5.4
VARICELLA
Pos 2363 95.2
Neg 120 4.8

According to the study field, students of six-year single-cycle degree
(Medicine and dentistry) (OR 0.83, CI 0.70-0.99) were less likely to be
positive for anti-HBsAg IgG while were more likely (OR 1.34, CI
1.05-1.71) for anti-mumps IgG. (Table 4) Gender did not show statis-
tically significant differences in the likelihood of having a positive
antibody titre. (Table 4).

4. Discussion

Our study revealed a concerning trend, indicating that a significant
number of healthcare students might be vulnerable to vaccine-
preventable infections.

Within our sample, seropositivity coverage rates for specific anti-
bodies exhibit variability among different diseases. Specifically, rates
are 95.2 % for varicella, 94.6 % for rubella, 87.3 % for measles, 85.5 %
for mumps, and notably lower at less than 50 % for hepatitis B anti-
bodies. This rate is lower than those reported in other Italian and Eu-
ropean studies [38-41]. Statistically significant differences in antibody
coverage were observed between age groups, with p-values below 0.001
for measles, rubella, and varicella. The higher seropositivity rates among
younger students can potentially be explained by a combination of
compulsory vaccinations (for measles and rubella) and the natural im-
munity acquired during childhood, primarily due to the high conta-
giousness of these disease. Our study reveals a seropositivity rate of 87.3
% against measles. This finding is significant considering the vaccination
coverage against measles is below 95 % in most European countries, as
reported by the European Centre for Disease Prevention and Control
(ECDC) [42]. Notably, France, Italy, Germany, Belgium, and Poland had
the highest number of confirmed cases, accounting for 98 cases of the
127 notified cases reported in Europe in 2022 [42]. Several clusters of
measles have been reported in Italian and European healthcare settings
[43,44]; therefore, strict infection control and immunization plans are
essential to prevent nosocomial outbreaks among healthcare operators
with presumed immunity [45]. Equally important is achieving a vaccine
coverage exceeding 95 %, as it is essential for establishing effective herd
immunity against measles [27]. Concerning mumps, our seropositivity
rate stands at 85.5 %, consistent with the results reported by Coppeta
et al. in their study on the seroprevalence of HCWs [46]. In 2018, a total
of 11,312 mumps cases were reported among 28 EU/EEA countries, with
6,082 (54 %) being laboratory-confirmed. Notably, the epidemiology of
mumps in the EU/EEA was significantly influenced by four countries:
Italy, Poland, Spain, and the United Kingdom, collectively accounting
for 79 % of the total notified cases. Spain alone contributed a substantial
48 % of all cases [47]. The high occurrence of the mumps disease in
several European nations is probably caused by a significant prevalence
of seronegativity linked to inadequate vaccination rates. As noted by
Eriksen et al. [48], antibody titers were low in countries experiencing
mumps outbreaks, and despite receiving two doses of the vaccine, there
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Table 3
Bivariate analysis: seropositivity.
Seropositive Seronegative  P-Value
No. (%) No. (%)
HBV
Gender
Female 770 (30.6 %) 955 (37.9 %) >0.05
Male 349 (13.9 %) 444 (17.6 %)
Study field
Three-year health professions 568 (22.5 %) 690 (27.4 %) >0.05
degrees students
Six-year single-cycle degree students 551 (21.9 %) 709 (28.1 %)
(Medicine and dentistry)
Years of birth
1966-1997 406 (16.1 %) 337 (13.4 %) <0.001*
1998-1999 321 (12.7 %) 371 (14.7 %)
2000-2001 254 (10.1 %) 423 (16.8 %)
2002-2004 138 (5.5 %) 268 (10.6 %)
MEASLES
Gender
Female 1497 (60.4 206 (8.4 %) >0.05
%)
Male 668 (27.8 %) 108 (4.4 %)
Study field
Three-year health professions 1088 (43.9 162 (6.6 %) >0.05
degrees students %)
Six-year single-cycle degree students 1077 (43.4 152 (6.1 %)
(Medicine and dentistry) %)
Years of birth
1966-1997 609 (24.6 %) 125 (5.0 %) <0.001*
1998-1999 600 (24.2 %) 87 (3.5 %)
2000-2001 594 (24.0 %) 65 (2.6 %)
2002-2004 362 (14.6 %) 37 (1.5 %)
MUMPS
Gender
Female 1464 (59.0 240 (9.7 %) >0.05
%)
Male 657 (26.5 %) 119 (4.8 %)
Study field
Three-year health professions 1049 (42.3 201 (8.1 %) <0.02*
degrees students %)
Six-year single-cycle degree students 1072 (43.2 158 (6.4 %)
(Medicine and dentistry) %)
Years of birth
1966-1997 618 (25.0 %) 117 (4.7 %) >0.05
1998-1999 597 (24.1 %) 90 (3.6 %)
2000-2001 566 (22.8 %) 93 (3.7 %)
2002-2004 340 (13.7 %) 59 (2.4 %)
RUBELLA
Gender
Female 1616 (65.1 88 (3.5 %) >0.05
%)
Male 732 (29.5 %) 45 (1.8 %)
Study field
Three-year health professions 1184 (47.7 69 (2.8 %) >0.05
degrees students %)
Six-year single-cycle degree students 1164 (46.9 64 (2.6 %)
(Medicine and dentistry) %)
Years of birth
1966-1997 661 (26.6 %) 72 (2.9 %) <0.001*
1998-1999 661 (26.6 %) 25 (1.0 %)
2000-2001 633 (25.5 %) 26 (1.1 %)
2002-2004 393 (15.9 %) 10 (0.4 %)
VARICELLA
Gender
Female 1622 (65.3 81 (3.3 %) >0.05
t%)
Male 741 (29.8 %) 39 (1.6 %)
Study field
Three-year health professions 1197 (48.2 53 (2.1 %) >0.05
degrees students %)
Six-year single-cycle degree students 1166 (47.0 67 (2.7 %)
(Medicine and dentistry) %)
Years of birth
1966-1997 672 (27.1 %) 62 (2.5 %) <0.001*
1998-1999 656 (26.4 %) 32 (1.3 %)
2000-2001 644 (25.9 %) 18 (0.7 %)
2002-2004 391 (15.8 %) 8 (0.3 %)
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* statistically significant.

have recently been much more incidences of mumps than rubella or
measles [49]. Mumps is the only infectious disease that shows no sig-
nificant difference between age groups. This is likely due to its low
vaccination coverage, even among the youngest; in Italy, from 2000 to
2016, the national average vaccination coverage in children under two
years of age increased from 74.1 % to 87.2 %, but it never reached 95 %
[50], the critical threshold to stop the circulation of the virus.

The coverage rate for varicella seropositive rate has been found to be
commendably high (95.2 %) and it is utmost significance to uphold this
elevated level. Notably, studies investigating VZV exposure within
healthcare facilities have revealed that a single unnoticed case of vari-
cella among employees can potentially expose more than 30 patients
and 30 healthcare workers (HCWs) [51]. Furthermore, considerable
variations in VZV seroepidemiology exist across the European region
[49]. Antibody coverage against rubella was also found to be consid-
erably high (94.6 %), which, as of 13 July 2023, was announced by the
WHO to no longer be endemic in Italy [52], proving the effectiveness of
the vaccination. We observed an interesting trend in the prevalence of
seronegative antibodies for HBV based on year of birth. Assuming a
similar duration of follow-up between vaccination and surveillance
sampling, an inverse correlation has been found between age and
seronegativity; this correlation indicates a lower probability of having
seronegative antibodies with an older date since the presumed primary
vaccination, suggesting that the persistence of the measurable anti-
bodies could be influenced by variables [53] as the type of vaccine
employed [54] and the dosage [55]. Prior to the introduction of com-
bined vaccine formulations in 2000, two primary recombinant vaccines
were commonly used to vaccinate children and adolescents against HBV.
Engerix-B® (10 pg dose) was the most widely employed vaccine from
1991 to 1993, while Recombivax HB® (5 pg dose) was specifically
designed for pediatric use [56]. Various studies have supported the
different effectiveness based on the type of vaccine employed [54],
showing that individuals vaccinated with Engerix-B® exhibited a lower
rate of non-protected individuals and higher levels of HBV antibodies
compared to those who received Recombivax HB® [53]. A possible
explanation for this clear difference in efficacies is the dosage employed
for each of these vaccines. Likewise, the influence of dosage on vaccine
efficacy was previously already demonstrated with another vaccine, the
hexavalent ®, that was marketed by the same manufacturer of Recom-
bivax HB® [57]. Delving into the details, in October 2000 Hexavac®
[57] and INFANRIX hexa®, two hexavalent vaccines, were approved for
primary and booster vaccination of children in the European Union, to
prevent several infections as diphtheria, tetanus, pertussis, poliomy-
elitis, hepatitis B, and invasive Haemophilus influenzae type b infections
[54]. After Hexavac® was administered to many infants from the end of
2000 until September 2005, especially in Germany, Austria and Italy,
the European Medicines Agency recommended the suspension of Hex-
avac® marketing authorization because the routine under-dosing (5 pg)
resulted in reduced effectiveness of the HBV component [58]. From an
occupational health perspective, adherence to vaccination campaigns is
becoming an important issue, as participation from employees has been
decreasing in recent years [59]. To ensure the safety and health in the
workplace for all future healthcare professionals, it is essential to
develop and promote workplace vaccination campaigns, not only for
seasonal diseases, but for all communicable diseases for which a vacci-
nation is available; this approach ensures that all employees have access
to the appropriate preventive measures. Moreover, assessing antibody
titers is crucial to identify workers who may require a booster dose. This
is particularly important as a decline in titers has been observed in
vaccinated individuals for various mandatory vaccinations, such as
hepatitis B [60,61]. Previous data has indicated that 5-13 years after the
primary vaccination with monovalent recombinant vaccines, nearly 90
% of individuals with initially low anti-HBs concentrations responded to
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Table 4
Multivariate logistic regression analyses. Relationship between students’ char-
acteristics and HBV, measles, mumps, rubella and varicella seropositivity was
assessed.

Odds 95 % CI P-
ratio value

HBV
Gender
Female (Reference) 1.00
Male 0.98 0.82-1.17  0.823
Study field
Three-year health professions degrees 1.00

students
Six-year single-cycle degree students 0.83 0.70-0.99  0.049 *

(Medicine and dentistry)
Years of birth
1966-1997 (Reference) 1.00
1998-1999 0.75 0.61-0.93  0.008 *
2000-2001 0.50 0.41-0.62 0.001 *
2002-2004 0.40 0.31-0.52  0.001 *
MEASLES
Gender
Female (Reference) 1.00
Male 0.84 0.65-1.08  0.178
Study field
Three-year health professions degrees 1.00

students
Six-year single-cycle degree students 1.17 0.90-1.51  0.238

(Medicine and dentistry)
Years of birth

1966-1997 (Reference) 1.00
1998-1999 1.37 1.01-1.86  0.041 *
2000-2001 1.86 1.35-2.56 0.001 *
2002-2004 2.08 1.40-3.10  0.001 *
MUMPS
Gender
Female (Reference) 1.00
Male 0.84 0.66-1.08  0.172
Study field
Three-year health professions degrees 1.00

students
Six-year single-cycle degree students 1.34 1.05-1.71  0.019 *

(Medicine and dentistry)
Years of birth

1966-1997 (Reference) 1.00
1998-1999 1.17 0.87-1.59  0.298
2000-2001 1.13 0.84-1.52  0.402
2002-2004 1.18 0.83-1.67  0.347
RUBELLA
Gender
Female (Reference) 1.00
Male 0.88 0.59-1.28 0.498
Study field
Three-year health professions degrees 1.00

students
Six-year single-cycle degree students 1.11 0.76-1.62  0.59

(Medicine and dentistry)
Years of birth

1966-1997 (Reference) 1.00
1998-1999 2.82 1.75-4.55  0.001 *
2000-2001 2.64 1.66-4.18  0.001 *
2002-2004 4.38 2.21-8.68 0.001 *
VARICELLA
Gender
Female (Reference) 1.00
Male 1.02 0.68-1.53 0.925
Study field
Three-year health professions degrees 1.00

students
Six-year single-cycle degree students 0.82 0.55-1.23  0.344

(Medicine and dentistry)
Years of birth

1966-1997 (Reference) 1.00

1998-1999 1.98 1.26-3.11  0.003 *
2000-2001 3.34 1.95-5.70  0.001 *
2002-2004 4.23 1.98-9.04  0.001 *

%

= statistically significant.
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booster vaccination [62]. Indeed, a rapid increase in anti-HBs antibodies
has been documented in both children [63,64] and adults [65,66,67]
after a booster dose of the vaccine, that is the best way to maintain long-
term immunity; moreover, Yoshida and Saito cite data that show that
low responders to hepatitis B vaccination developed HBsAg-positive
infection [68]. The students included in this study were largely from
Italy, but the sample also included international students from other
European and non-European countries. The results highlighted in this
study showcase the need to establish supra-national regulations con-
cerning vaccinations policies for exanthematous diseases and HBV, to
ensure that all future healthcare professionals are vaccinated against
these diseases and have an appropriate antibody titer. Healthcare fa-
cilities typically have procedures in place for the screening and immu-
nisation of their staff [69], but these procedures differ in how they
handle healthcare students. Bianchi et al. found that despite hospital
procedures and dedicated human resources, satisfactory vaccine
coverage cannot be achieved without federal regulations; then, public
health policymakers must also improve the promotion of vaccine pro-
phylaxis and education to achieve higher vaccine coverage [70]. Our
study has limitations. Since it is a cross-sectional study, we could only
collect one sample per student, with no possibility of follow-up. We
studied healthcare students only from a single Italian University and we
were not able to retrieve either the type of vaccine administered or the
date of the last vaccine inoculation, also in light of the fact that several
studies show that vaccine-induced immunity in subjects vaccinated
during adolescence is higher both in terms of antibody titre and the
percentage of subjects anti-HBVs seropositive, regardless of the time
elapsed between the last dose and the serological test [71]. In addition,
recent evidence has shown that specific memory B cells are more
affected by age than serum antibody levels and immunoglobulin levels
in plasma might not reflect the actual status of B-cell compartment in
real time [72], so that an individual could therefore continue to be
protected despite being seronegative. Furthermore, we lack information
regarding the occurrence of prior infections among the sample subjects.
Additionally, vaccinated healthcare students who show negative or
equivocal titers might still have detectable measles antibodies when
using more sensitive tests. Our research also has several strengths such
as a large sample of individuals, a multidisciplinary of students’ degree
courses, different birth years and a ten-year visit range.

5. Conclusions

In our sample, a seropositivity rate for vaccine-preventable diseases,
especially Hepatitis B, was often inadequate to prevent possible bio-
logical risks connected with the activities carried out on the ward.
Therefore, in the field of occupational prevention, checking antibody
coverage in students and healthcare staff exposed to biological risk for
the above-mentioned diseases is confirmed to be a fundamentally
important tool during the health surveillance visit, also with a view to
protecting the increasingly frequent international travel of students,
which sometimes occurs in areas where these diseases are endemic.
Therefore, it is vital for occupational doctors to raise immunization rates
by reducing the number of unvaccinated individuals working in the
medical field. This policy aims to enhance the overall safety of health-
care professionals and patients.

6. Institutional review board statement
Not applicable.
Funding

This research received no external funding.



P.E. Santoro et al.

CRediT authorship contribution statement

Paolo Emilio Santoro:

Project administration, Supervision,

Conceptualization. Andrea Paladini: Writing — original draft. Ivan
Borrelli: Supervision. Carlotta Amantea: Writing — original draft.
Maria Francesca Rossi: Writing — review & editing, Writing — original
draft. Corinna Fortunato: Methodology. Maria Rosaria Gualano:
Supervision. Antonio Marchetti: Data curation. Chiara Cadeddu:
Conceptualization. Umberto Moscato: Project administration.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Data availability

The data that has been used is confidential.

References

[1]

[2

—

[3]

[4

=

[5

—

[6

[}

[7

—

[8

=

[9

—

[10]

[11]

[12]

[13]

[14]

[15]

[16]

European Union. Occupational health and safety risks in the healthcare sector:
guide to prevention and good practice. Available from: https://publications.euro
pa.eu/en/ publication-detail/-/publication/b29abb0a-f41e-4cb4-b787-4538ac5f0
238 [accessed June 16, 2023].

Centers for Disease Control and Prevention. Inmunization of health-care
personnel. Recommendations of the Advisory Committee on Immunization
Practices (ACIP). Available from: https://www.cde.gov/mmwr/pdf/rr/rr6007.pdf
[accessed June 25, 2023].

Bergamini M, Cucchi A, Stefanati A, Cavallaro A, Gabutti G. Knowledge of
preventive measures against occupational risks and spread of healthcare-associated
infections among nursing students. An epidemiological prevalence study from
Ferrara, Italy. J Prev Med Hyg 2009;50:96-101.

Noubiap JJN, Nansseu JRN, Kengne KK, Ndoula ST, Agyingi LA. Occupational
exposure to blood, hepatitis B vaccine coverage and uptake among medical
students in Cameroon. BMC Med Educ 2013;13:148.

Porretta A, Quattrone F, Aquino F, Pieve G, Bruni B, Gemignani G, et al.

A nosocomial measles outbreak in Italy, February-April 2017. Euro Surveill 2017;
22(33):30597. https://doi.org/10.2807/1560-7917.ES.2017.22.33.30597.
Botelho-Nevers E, Gautret P, Biellik R, Brouqui P. Nosocomial transmission of
measles: an updated review. ISSN 0264-410X Vaccine 2012;(27):3996-4001.
https://doi.org/10.1016/j.vaccine.2012.04.023.

Antela A, Forttin J, Navas E, Hermida JM, Fernandez-Munoz R, Guerrero A.
Varicela nosocomial: estudio de un brote epidémico entre pacientes
inmunodeprimidos [Nosocomial varicella: study of an epidemic outbreak among
immunosuppressed patients]. Enferm Infecc Microbiol Clin 1991;9:357-60.
Ministero della Salute Piano Nazionale Prevenzione Vaccinale. PNPV 2023-2025.
[accessed 07 October 2023]. https://www.gazzettaufficiale.it/eli/id/2023/08/2
1/23A04685/sg.

Amantea C, Foschi N, Gavi F, Borrelli I, Rossi MF, Spuntarelli V, et al. HPV
vaccination adherence in working-age men: a systematic review and meta-analysis.
Vaccines (Basel) 2023 Feb 15;11(2):443. https://doi.org/10.3390/
vaccines11020443. PMID: 36851321; PMCID: PMC9958554.

Foschi N, Santoro PE, Borrelli I, Gavi F, Amantea C, Russo P, et al. Urological Safety
and COVID-19 Vaccinations. Vaccines 2022;10(11):1887.

De Schryver A, Claesen B, Meheus A, Hambach R, van Sprundel M, Francois G.
Hepatitis B vaccination policies for student healthcare workers in Europe. J Hosp
Infect 2014 Feb;86(2):147-50. https://doi.org/10.1016/j.jhin.2013.11.005. Epub
2013 Dec 1 PMID: 24360409.

Beccia F, Amantea C, Rossi MF, Daniele A, Santoro PE, Borrelli I, Marazza M,
Boccia S, Ricciardi W, Moscato U. Responsabilita medico-legale del medico
vaccinatore [Legal resposability of vaccinating doctor]. G Ital Med Lav Ergon. 2021
Jun;43(2):93-98. Italian. PMID: 34370918.

Beccia F, Rossi MF, Amantea C, Villani L, Daniele A, Tumminello A, et al. COVID-
19 Vaccination and Medical Liability: An International Perspective in 18 Countries.
Vaccines. 7 agosto 2022;10(8):1275.

Aulino G, Beccia F, Siodambro C, Rega M, Capece G, Boccia S, et al. An evaluation
of Italian medical students attitudes and knowledge regarding forensic medicine.
J Forensic Leg Med 2023 Feb;94:102484. https://doi.org/10.1016/j.
jflm.2023.102484. Epub 2023 Jan 10 PMID: 36640545.

Aulino G, Beccia F, Rega M, Siodambro C, Capece G, Boccia S, et al. Child
maltreatment and management of pediatric patients during COVID-19 pandemic:
Knowledge, awareness, and attitudes among students of medicine and surgery. A
survey-based analysis. Front Public Health 2022 Sep;20(10):968286. https://doi.
org/10.3389/fpubh.2022.968286. PMID: 36203705; PMCID: PMC9531710.
Ministero della Salute. Circolare n° 12. Controllo ed Eliminazione di Morbillo,
Parotite e Rosolia per Mezzo Della Vaccinazione (Circular 12. Control and

[17]

[18]

[19]
[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

(371
[38]

[39]

[40]

Vaccine xxx (xxxx) xxx

Elimination of Measles, Mumps and Rubella by Means of Vaccination); Ministry of
Health: Rome, Italy, 1999.

Decreto legge n. 73. Disposizioni urgenti in tema di prevenzione vaccinale (Law
decree N. 73. Urgent provisions on vaccine prevention). Rome, Italy, 7 June 2017.
Gazzetta Ufficiale N. 130, 7 June 2017. Available online: https://www.gazzettauff
iciale.it/eli/id/2017/06/7/17G00095/sg [accessed on 6 June 2023].

Law May 27 1991, No. 165: Compulsory vaccination against hepatitis B virus:
accessible https://www.gazzettaufficiale.it/eli/id/1991/06,/01/091G0201/sg.
https://www.epicentro.iss.it/vaccini/casi-evitabili-epatite-b.

Coppeta L, Pompei A, Balbi O, De Zordo LM, Mormone F, Policardo S, et al.
Persistence of immunity for hepatitis B virus among healthcare workers and italian
medical students 20 years after vaccination. Int J Environ Res Public Health 2019;
16(9):1515. https://doi.org/10.3390/ijerph16091515.

Stefanati A, Bolognesi N, Sandri F, Dini G, Massa E, Montecucco A, et al. Long-term
persistency of hepatitis B immunity: an observational cross-sectional study on
medical students and resident doctors. J Prev Med Hyg 2019. https://doi.org/
10.15167/2421-4248/jpmh2019.60.3.1315 [Published 2019 Sept 30];60(3):
E184-E190.

Heininger U, Gambon M, Gruber V, Margelli D. Successful hepatitis B
immunization in non- and low responding health care workers. Hum Vaccin 2010;
19(9):6.

Schillie S, Murphy TV, Sawyer M, Ly K, Hughes E, Jiles R, et al. Centers for Disease
Control and Prevention (CDC). CDC guidance for evaluating health-care personnel
for hepatitis B virus protection and for administering postexposure management.
MMWR Recomm Rep 2013;62(RR-10):1-19. PMID:24352112.

Lewis JD, Enfield KB, Sifri CD. Hepatitis B in healthcare workers: Transmission
events and guidance for management. World J Hepatol 2015; 7(3):488-97; PMID:
25848472; https://doi.org/10.4254/wjh.v7.i3.488.

Dannetun E, Tegnell A, Torner A, Giesecke J. Coverage of hepatitis B vaccination in
Swedish healthcare workers. J Hosp Infect 2006 Jun;63(2):201-4. https://doi.org/
10.1016/].jhin.2006.01.014. Epub 2006 Apr 18 PMID: 16621139.

Centers for Disease Control and Prevention (CDC). Prevention of measles, rubella,
congenital rubella syndrome, and mumps, 2013: summary recommendations of the
advisory committee on immunization practices (ACIP). MMWR. 2013 June 14;62
(RR04):1-34.

Gallone MS, Germinario C, Larocca A, Tafuri S. Long time immunogenicity of
measles vaccine in the vaccination era: an open question. Hum Vaccin Immunother
2017;13(1):117-9. https://doi.org/10.1080/21645515.2016.1227519.

Leone Roberti Maggiore U, Scala C, Toletone A, Debarbieri N, Perria M, D’Amico B,
et al. Susceptibility to vaccine-preventable diseases and vaccination adherence
among healthcare workers in Italy: A cross-sectional survey at a regional acute-care
university hospital and a systematic review. Hum Vaccin Immunother 2017;13(2):
470-6. https://doi.org/10.1080/21645515.2017.1264746.

Marin M, Guris D, Chaves SS, Schmid S, Seward JF. Prevention of varicella:
recommendations of the Advisory Committee on Immunization Practices (ACIP).
MMWR. Recommendations and reports: morbidity and mortality weekly report.
Recomm Rep. 2007 Jun 22;56(RR-4):1-40.

Davidkin I, Jokinen S, Broman M, Leinikki P, Peltola H. Persistence of measles,
mumps, and rubella antibodies in an MMR-vaccinated cohort: a 20-year follow-up.
J Infect Dis 2008 Apr 1;197(7):950-96. https://doi.org/10.1086,/528993.
Coppeta L, Biondi G, Lieto P, Pietroiusti A. Evaluation of immunity to measles in a
cohort of medical students in Rome, Italy. Vaccines (Basel). 2019 [Published 2019
Dec 13];7(4):214. doi: 10. 3390/vaccines7040214.

Beccia F, Aulino G, Amantea C, Lontano A, Altamura G, Marziali E, et al. Medical
Residents” Behaviours toward Compulsory COVID-19 Vaccination in a Tertiary
Hospital in Italy. Int J Environ Res Public Health 2022 Nov 30;19(23):15985.
https://doi.org/10.3390/ijerph192315985. PMID: 36498059; PMCID:
PMC9736902.

National Integrated Measles-Rubella Surveillance System. Measles in Italy: weekly
bullettin. Week. Sept 25-Oct 1; 2017. p. W39.

Rossi MF, Beccia F, Cittadini F, Amantea C, Aulino G, Santoro PE, et al. Workplace
violence against healthcare workers: an umbrella review of systematic reviews and
meta-analyses. Public Health 2023 Aug;221:50-9. https://doi.org/10.1016/j.
puhe.2023.05.021. Epub 2023 Jul 3 PMID: 37406450.

Campagna M, Bacis M, Belotti L, Biggi N, Carrer P, Cologni L, et al. Le malattie
esantematiche (Morbillo, Varicella, Rosolia e Parotite). Focus su screening e
sorveglianza sanitaria dei lavoratori della sanita: risultati e prospettive di un
gruppo di lavoro multicentrico [Exanthemic diseases (measles, chickenpox, rubella
and parotitis). Focus on screening and health surveillance of health workers: results
and perspectives of a multicenter working group]. G Ital Med Lav Ergon 2010;32
(3):298-303.

Bagnasco A, Zanini M, Catania G, Watson R, Hayter M, Dasso N, et al. Predicting
needlestick and sharps injuries in nursing students: Development of the SNNIP
scale. Nurs Open 2020;7:1578-87.
https://apps.dtic.mil/sti/pdfs/ADA346849.pdf.

Sartorelli P, Occhialini F, Miceli R, et al. The seroprevalence of the hepatitis B virus
in Italian medical students after 3 decades since the introduction of universal
vaccination. Int J Occup Med Environ Health 2022;35(1):75-80. https://doi.org/
10.13075/ijomeh.1896.01835.

Trevisan A. Long-term persistence of immunity after hepatitis B vaccination: A fact,
not a fancy. Hum VaccinImmunother 2017;13(4):916-7. https://doi.org/10.1080/
21 645515.2016.1257451.

Verso MG, Lo Cascio N, Noto Laddeca E, Amodio E, Stellino S, Currieri M, et al.
Predictors of Hepatitis B Surface Antigen Titers two decades after vaccination in a
cohort of students and post-graduates of the Medical School at the University of


https://publications.europa.eu/en/+publication-detail/-/publication/b29abb0a-f41e-4cb4-b787-4538ac5f0238
https://publications.europa.eu/en/+publication-detail/-/publication/b29abb0a-f41e-4cb4-b787-4538ac5f0238
https://publications.europa.eu/en/+publication-detail/-/publication/b29abb0a-f41e-4cb4-b787-4538ac5f0238
https://www.cdc.gov/mmwr/pdf/rr/rr6007.pdf
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0015
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0015
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0015
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0015
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0020
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0020
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0020
https://doi.org/10.2807/1560-7917.ES.2017.22.33.30597
https://doi.org/10.1016/j.vaccine.2012.04.023
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0035
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0035
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0035
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0035
https://www.gazzettaufficiale.it/eli/id/2023/08/21/23A04685/sg
https://www.gazzettaufficiale.it/eli/id/2023/08/21/23A04685/sg
https://doi.org/10.3390/vaccines11020443
https://doi.org/10.3390/vaccines11020443
https://doi.org/10.1016/j.jhin.2013.11.005
https://doi.org/10.1016/j.jflm.2023.102484
https://doi.org/10.1016/j.jflm.2023.102484
https://doi.org/10.3389/fpubh.2022.968286
https://doi.org/10.3389/fpubh.2022.968286
https://www.gazzettaufficiale.it/eli/id/2017/06/7/17G00095/sg
https://www.gazzettaufficiale.it/eli/id/2017/06/7/17G00095/sg
https://www.gazzettaufficiale.it/eli/id/1991/06/01/091G0201/sg
https://www.epicentro.iss.it/vaccini/casi-evitabili-epatite-b
https://doi.org/10.3390/ijerph16091515
https://doi.org/10.15167/2421-4248/jpmh2019.60.3.1315
https://doi.org/10.15167/2421-4248/jpmh2019.60.3.1315
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0110
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0110
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0110
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0115
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0115
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0115
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0115
https://doi.org/10.1016/j.jhin.2006.01.014
https://doi.org/10.1016/j.jhin.2006.01.014
https://doi.org/10.1080/21645515.2016.1227519
https://doi.org/10.1080/21645515.2017.1264746
https://doi.org/10.1086/528993
https://doi.org/10.3390/ijerph192315985
https://doi.org/10.1016/j.puhe.2023.05.021
https://doi.org/10.1016/j.puhe.2023.05.021
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0175
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0175
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0175
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0175
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0175
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0175
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0175
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0180
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0180
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0180
https://apps.dtic.mil/sti/pdfs/ADA346849.pdf
https://doi.org/10.13075/ijomeh.1896.01835
https://doi.org/10.13075/ijomeh.1896.01835
https://doi.org/10.1080/21 645515.2016.1257451
https://doi.org/10.1080/21 645515.2016.1257451

P.E. Santoro et al.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Palermo. Italy Ann Agric Environ Med 2017;24(2):303-6. https://doi.org/
10.26444/aaem/74716.

Bianchi FP, Gallone MS, Gallone MF, Larocca AMV, Vimercati L, Quarto M, et al.
HBV seroprevalence after 25 years of universal mass vaccination and management
of nonresponders to the anti-Hepatitis B vaccine: an Italian study among medical
students. J Viral Hepat. 2019;26(1):136-44.

Measles; 2022. Available from: https://www.ecdc.europa.eu/sites/default/files
/documents/Measles%20Annual%20Epidemiological%20Report%202022%20da
ta.pdf.

Baxi R, Mytton OT, Abid M, Maduma-Butshe A, Iyer S, Ephraim A, et al. Outbreak
report: nosocomial transmission of measles through an unvaccinated healthcare
worker—implications for public health. J Public Health (Bangkok) 2014;36(3):
375-81. https://doi.org/10.1093/pubmed/fdt096 [Crossref] [Web of Science ®],
[Google Scholar].

Botelho-Nevers E, Gautret P, Biellik R, Brouqui P. Nosocomial transmission of
measles: an updated review. Vaccine 2012;30(27):3996-4001. https://doi.org/
10.1016/j.vaccine.2012.04.023. ISSN 0264-410X.[Crossref] [PubMed] [Web of
Science ®], [Google Scholar].

Choi S, Chung J-W, Chang YJ, Lim EJ, Moon SH, Do HH, et al. A Lesson from a
Measles Outbreak among Healthcare Workers in a Single Hospital in South Korea:
The Importance of Knowing the Prevalence of Susceptibility. Vaccines 2023;11:
1505. https://doi.org/10.3390/vaccines11091505.

Coppeta L, et al. Pre-vaccination IgG screening for mumps is the most cost-
effectiveness immunization strategy among Health Care Workers. Hum Vaccin
Immunother 2019;15(5):1135-8. https://doi.org/10.1080/
21645515.2018.1564442.

European Center for Disease Prevention and Control. Mumps—Annual
Epidemiological Report for 2018. Available online: https://www.ecdc.europa.
eu/sites/default/files/documents/mumps-annual-epidemiological-report-2018.pdf
[accessed on 30 June 2023].

Eriksen J, Davidkin I, Kafatos G, Andrews N, Barbara C, Cohen D, et al.
Seroepidemiology of mumps in Europe (1996-2008): Why do outbreaks occur in
highly vaccinated populations? Epidemiol Infect 2013;141:651-66.

Marlow MA, Marin M, Moore K, Patel M. CDC guidance for use of a third dose of
MMR vaccine during outbreaks. J Public Health Manag Pract 2020;26:109-15.
Signorelli C, Odone A, Cella P, Iannazzo S, D’Ancona F, Guerra R. Infant
immunization coverage in Italy (2000-2016). Ann Ist Super Sanita 2017;53(3):
231-7. https://doi.org/10.4415/ANN_17_03_09.

Lopez AS, Burnett-Hartman A, Nambiar R, Ritz L, Owens P, Loparev VN, et al.
Transmission of a newly characterized strain of varicella-zoster virus from a patient
with herpes zoster in a long-term-care facility, West Virginia, 2004. J Infect Dis
2008 Mar 1;197(5):646-53.

Bollaerts K, Riera-Montes M, Heininger U, Hens N, Souverain A, Verstraeten T,
Hartwig S. A systematic review of varicella seroprevalence in European countries
before universal childhood immunization: deriving incidence from seroprevalence
data. Epidemiol Infect. 2017 Oct;145(13):2666-2677. doi: 10.1017/
$0950268817001546. Epub 2017 Aug 22. PMID: 28826422; PMCID:
PMC5647669.

https://www.quotidianosanita.it/m/scienza-e farmaci/articolo.php?articolo
_id=115514.

Chiara F, Bartolucci GB, Cattai M, Piazza A, Nicolli A, Buja A, et al. Hepatitis B
vaccination of adolescents: significance of non-protective antibodies. Vaccine 2013
Dec 17;32(1):62-8. https://doi.org/10.1016/j.vaccine.2013.10.074. Epub 2013
Nov 1 PMID: 24188755.

European Medicines Agency. Scientific conclusions and grounds for the suspension
of the marketing authorisation of hexavac presented by the EMEA. http://ema.euro

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Vaccine xxx (3xxx) xxx

pe.eu/humandocs/PDFs/EPAR/Hexavac/Hexavac-H-298-Z-28-en.pdf [accessed
April 13, 2010].

Zanetti AR, Mariano A, Romano L, et al. Long-term immunogenicity of hepatitis B
vaccination and policy for booster: an Italian multicentre study. Lancet 2005; 366:
1379-84., - Watson B, West DJ, Chilkatowsky A, Piercy S, Ioli VA. Persistence of
immunologic memory for 13 years in recipients of a recombinant hepatitis B
vaccine. Vaccine 2001; 19: 3164—68.

Esposito S, et al. Hexavalent vaccines for immunization in paediatric age. Clin
Microbiol Infect 2014;20:76-85.

Zanetti AR, Romano L, Giambi C, Pavan A, Carnelli V, Baitelli G, et al. 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;10:755-61.].

Tichmann I, Preidel H, Grunert D, et al. Comparison of the immunogenicity and
reactogenicity of two commercially available hexavalent vaccines administered as
a primary vaccination course at 2, 4 and 6 months of age. Vaccine 2005;23:
3272-329.

Gualano MR, Santoro PE, Borrelli I, Rossi MF, Amantea C, Tumminello A, et al.
Employee Participation in Workplace Vaccination Campaigns: A Systematic
Review and Meta-Analysis. Vaccines. 10 novembre 2022;10(11):1898.

Petersen KM, Bulkow LR, McMahon BJ, et al. Duration of hepatitis B immunity in
low risk children receiving hepatitis B vaccination from birth. Pediatr Infect Dis J
2004;23:650-65.

Saff ar MJ, Rezai MS. Long-term antibody response and immunologic memory in
children immunized with hepatitis B vaccine at birth. Indian Pediatric 2004; 41:
1232-37.).

Williams LT, Goldstein ST, Tufa J, Tauilli S, Margolis HS, Mahoney FJ. Long term
antibody response to hepatitis B vaccination beginning at birth and to subsequent
booster vaccination. Pediatr Infect Dis J 2003;22:157-63.

Da Villa G, 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
(16):1503-5.

Resti M, et al. Ten-year follow-up study of neonatal hepatitis B immunization: are
booster injections indicated? Vaccine 1997;15(12-13):1338-40.

Trivello R, et al. Persistence of anti-HBs antibodies in health care personnel
vaccinated with plasma-derived hepatitis B vaccine and response to recombinant
DNA HB booster vaccine. Vaccine 1995;13(2):139-41.

Watson B, et al. Persistence of immunologic memory for 13 years in recipients of a
recombinant hepatitis B vaccine. Vaccine 2001;19(23-24):3164-8.

Williams JL, et al. Evaluation of the response to a booster dose of hepatitis B
vaccine in previously immunized healthcare workers. Vaccine 2001;19(28-29):
4081-5.

Yoshida T, Saito I. Hepatitis B booster vaccination for healthcare workers. Lancet
2000;355:1464-2146.

Bianchi FP, et al. Vaccination Offer during the Occupational Health Surveillance
Program for Healthcare Workers and Suitability to Work: An Italian Retrospective
Cohort Study. Vaccines 2022;vol. 10,10:1633. https://doi.org/10.3390/
vaccines10101633.

Verso MG, Costantino C, Vitale F, Amodio E. Inmunization against Hepatitis B
Surface Antigen (HBsAg) in a Cohort of Nursing Students Two Decades after
Vaccination: Surprising Feedback. Vaccines 2020;8:1. https://doi.org/10.3390/
vaccines8010001.

Blanco E, et al. Age-associated distribution of normal B-cell and plasma cell subsets
in peripheral blood. J Allergy Clin Immunol 2018;141:2208-2219.e16.


https://doi.org/10.26444/aaem/74716
https://doi.org/10.26444/aaem/74716
https://www.ecdc.europa.eu/sites/default/files/documents/Measles%2520Annual%2520Epidemiological%2520Report%25202022%2520data.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Measles%2520Annual%2520Epidemiological%2520Report%25202022%2520data.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/Measles%2520Annual%2520Epidemiological%2520Report%25202022%2520data.pdf
https://doi.org/10.1093/pubmed/fdt096
https://doi.org/10.1016/j.vaccine.2012.04.023
https://doi.org/10.1016/j.vaccine.2012.04.023
https://doi.org/10.3390/vaccines11091505
https://doi.org/10.1080/21645515.2018.1564442
https://doi.org/10.1080/21645515.2018.1564442
https://www.ecdc.europa.eu/sites/default/files/documents/mumps-annual-epidemiological-report-2018.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/mumps-annual-epidemiological-report-2018.pdf
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0240
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0240
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0240
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0245
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0245
https://doi.org/10.4415/ANN_17_03_09
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0255
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0255
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0255
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0255
https://www.quotidianosanita.it/m/scienza-e+farmaci/articolo.php?articolo_id=115514
https://www.quotidianosanita.it/m/scienza-e+farmaci/articolo.php?articolo_id=115514
https://doi.org/10.1016/j.vaccine.2013.10.074
http://ema.europe.eu/humandocs/PDFs/EPAR/Hexavac/Hexavac-H-298-Z-28-en.pdf
http://ema.europe.eu/humandocs/PDFs/EPAR/Hexavac/Hexavac-H-298-Z-28-en.pdf
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0285
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0285
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0295
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0295
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0295
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0295
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0305
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0305
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0305
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0315
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0315
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0315
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0320
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0320
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0320
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0325
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0325
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0330
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0330
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0330
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0335
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0335
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0340
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0340
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0340
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0345
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0345
https://doi.org/10.3390/vaccines10101633
https://doi.org/10.3390/vaccines10101633
https://doi.org/10.3390/vaccines8010001
https://doi.org/10.3390/vaccines8010001
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0360
http://refhub.elsevier.com/S0264-410X(24)00049-5/h0360

	Vaccine-preventable diseases: Immune response in a large population of healthcare students
	1 Introduction
	2 Materials and methods
	2.1 Data collection
	2.2 Antibody measurement
	2.3 Inclusion criteria
	2.4 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusions
	6 Institutional review board statement
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	Data availability
	References


