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META-ANALYSIS

Prevalence of healthcare workers fully vaccinated against hepatitis B without 
circulating antibodies in Italy and role of age at baseline cycle vaccination: 
a systematic review and meta-analysis
Francesco Paolo Bianchi a, Pasquale Stefanizzia, Giovanni Miglioreb, Andrea Martinellia, Luigi Vimercatia, 
Cinzia Annatea Germinarioa and Silvio Tafuri a

aInterdisciplinary Department of Medicine, Aldo Moro University of Bari, Bari, Italy; bBari Policlinico University General Hospital, Bari, Italy

ABSTRACT
Introduction: Healthcare workers (HCWs) susceptible to hepatitis B represent an important public 
health concern. National and international guidelines recommend assessing the hepatitis B immune 
status of all HCWs and possibly vaccinating those found to be seronegative (non-responders). We 
conducted a meta-analysis to estimate the rate of hepatitis B sero-susceptibility among HCWs in Italy 
and to explore possible options for the management of non-responders.
Areas Covered: Nineteen studies, selected from scientific articles available in the Scopus, MEDLINE/ 
PubMed and ISI Web of Knowledge databases between 1 January 2016 and 22 April 2022, were 
included. The prevalence of HBV-susceptible HCWs was 27.1% (95%CI = 23.2–31.7%). In a comparison 
by sex (males vs. females) the RR was 1.16 (95%CI = 1.03–1.31), and by full-cycle vaccination period 
(adolescence vs. infancy) the RR was 0.30 (95%CI = 0.25–0.37). Occupational health screenings for 
hepatitis B, with subsequent vaccination of non-responders, and exclusion of susceptible HCWs from 
high-risk settings have been common management strategies.
Expert opinion: It is highly probable that a proportion of the next generation of medical students and 
HCWs will not show circulating IgG on serologic evaluation. Therefore, more targeted efforts are needed 
to identify these individuals and actively immunize them.
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1. Introduction

According to the U.S. Centers for Disease Control and 
Prevention (CDC) recommendations, healthcare workers 
(HCWs) should have presumptive evidence of immunity due 
to hepatitis B vaccination [1]. In addition, an anti-HBsAg (anti- 
HBs) antibody titer ≥10 mIU/mL assessed by serologic testing 
is required to be considered protected. HCWs who are not 
seroprotected should receive another complete cycle of hepa
titis B vaccine; if the anti-HBsAg titer remains <10 mIU/mL 
after two complete series, the subject is considered a ‘non- 
responder’ [2].

These recommendations are essential for all HCWs, espe
cially those working in contact with patient body fluids or in 
infectious disease wards. Nevertheless, there is good evidence 
of significant susceptibility to hepatitis B among HCWs. A 2021 
study [3] described a significant percentage of fully vaccinated 
Dutch HCWs susceptible to HBV (2%), linked to a decline in 
IgG levels after immunization.

Susceptible and/or non-responders HCWs pose a risk to 
both themselves and patients in hospitals and clinics, and 
therefore are a major public health concern. Many studies 
have reported the Incidence of sharps and needle-stick injuries 
and mucocutaneous exposure to blood among healthcare 
workers [4–6], and thus the risk of infection is substantial.

Mass vaccination programs against hepatitis B have been 
incorporated into national immunization programs in more 
than 150 countries. Italy was the first industrialized country 
to adopt a universal hepatitis B vaccination strategy. The first 
hepatitis B vaccination strategy was introduced in 1981 for the 
immunization of hemodialysis patients and healthcare person
nel; in 1983 the active offer of the anti-HBV vaccine was 
extended through targeted campaigns to vulnerable popula
tion groups [7]. In 1991, vaccination was made mandatory and 
extended to the entire population through a universal ‘two- 
cohort’ vaccination strategy that included:

● Routine vaccination of all newborns (three doses at 3, 5, 
11 months of age);

● Vaccination of 12-years-old children (three doses at 
0,1,6 months);

● HBsAg testing in all pregnant women to prevent perina
tal infection;

● vaccination of adults in high-risk groups [7].

Vaccination provision for 12-year-olds continued for 12 years, 
only to be discontinued in 2003; it allowed, in 12 years, to get 
24 cohorts of individuals immunologically protected from the 
risk of infection. This strategy was able to reduce the number 
of acute hepatitis cases already documented by data from the 
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SEIEVA (Integrated Epidemiological System of Acute Viral 
Hepatitis) surveillance system [8], particularly in the age 
groups targeted by the vaccine campaign; however, hepatitis 
B has not yet been eliminated.

The Italian Ministry of Health, in accordance with interna
tional guidelines [2], recommends, in addition to universal 
vaccination, screening of HCWs by measuring anti-HBs in 
order to verify seroprotection. In fact, in subjects with 
a negative anti-HBs result (<10 mIU/mL), a booster dose of 
the vaccine is recommended followed, after 1 month, by an 
additional blood test to understand whether an immunolo
gical memory exists [9]; moreover, since 2012, Medical 
School students are equated with healthcare professionals 
as they are exposed to a similar biological risk during train
ing activities and therefore the same recommendations for 
HBV prophylaxis are valid [10]. Nevertheless, there are no 
Italian national data on hepatitis B vaccination coverage and 
immunization status of HCWs.

To estimate the prevalence in Italy of HCWs fully vaccinated 
against HBV without circulating antibodies, we conducted 
a systematic review of relevant literature and a meta- 
analysis. Options suggested by these studies for the manage
ment of non-responders were also analyzed. We also included 
students and residents in the School of Medicine in the HCWs 
category, considering that the 2017–2019 Italian Plan for 
Vaccination Prevention equates these categories by biological 
risk [10].

2. Body

2.1. Methods

The protocol of the systematic review was set up following the 
Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses (PRISMA) checklist [11]. The protocol was registered 
in the International Prospective Register of Systematic Reviews 
(PROSPERO) under reference acknowledgment number anon
ymized. The population, intervention, comparison, and out
come (PICO) framework was used to formulate the review 
question. The resulting question was ‘prevalence and manage
ment of HCWs vaccinated against HBV in Italy without circu
lating anti-HBsAg .’

2.1.1. Search strategy, selection criteria and data 
extraction
Systematic searches were conducted in the Scopus, 
MEDLINE/PubMed, and ISI Web of Knowledge databases; 
records were ordered by best match. Research articles, clin
ical trials, and letters to the editor published between 
1 January 2016 and 22 April 2022 were included in the 
search. The following terms were used for the search strat
egy: (healthcare worker* OR physician OR nurse OR resident 
OR student) AND (hepatitis B OR HBV) AND (Ital*). Studies in 
English or Italian were included. Abstracts without full-text, 
reviews and meta-analyses, original studies that did not 
report epidemiologic data (editorials, commentaries, etc.), 
studies in which susceptibility was evaluated by surveys or 
those in which only vaccination coverage was reported, all 
studies that focused on issues unrelated to the purpose of 
this review (vaccine hesitancy, vaccine knowledge, attitudes, 
etc.), and all studies not set in Italy were excluded. When 
necessary, authors of the eligible studies were contacted to 
obtain additional information. The references of all articles 
were reviewed to identify further studies. The list of papers 
was screened by title and/or abstract independently by two 
reviewers who applied the predefined inclusion/exclusion 
criteria. Discrepancies were recorded and resolved by 
consensus.

Data extracted included year, sample size, number of sus
ceptible HCWs, number of non-responders, number of sero
conversion after booster dose, professional category, Italian 
region, and options for management of susceptible HCWs.

2.1.2. Quality assessment
The methodological quality of the selected studies was 
assessed using the Newcastle–Ottawa Scale (NOS), adapted 
for the assessment of cross-sectional studies [12]. It is divided 
into nine categories controlling for three aspects of quality 
(selection, comparability and outcome/exposure), and scores 
range from 0 to 10. The quality of a study was considered high 
if the NOS score was between 7 and 10, intermediate if the 
NOS score was between 4 and 6, and low if it was between 0 
and 3.

The risk of bias for each study was independently assessed 
by two researchers. Discrepancies were recorded and resolved 
by consensus.

2.1.3. Pooled analysis
Five different meta-analysis groups were performed: the first 
included all HCWs, the second compared HCWs and Medical 
School students/residents, the third estimated the rate of 
seroconversion after booster dose, the fourth compared sus
ceptibility by sex (males vs. females), and the fifth compared 
susceptibility by age at the time of full-cycle vaccination (ado
lescence/adulthood vs. infancy). For comparisons by sex and 
age, Risk Ratio (RR) and 95% confidence interval (95%CI) were 
calculated. In addition, a separate analysis was carried out 
using only high-quality papers, when possible.

The pooled proportion in the meta-analysis was calculated 
using the double Freeman-Tukey arcsine transformation to 
stabilize variances and DerSimonian-Laird weights for random 

Article highlights

● Good evidence of significant susceptibility to hepatitis B among 
HCWs is reported in the scientific literature

● Italy was the first industrialized country to adopt a universal vaccina
tion strategy against hepatitis B

● Our meta-analysis estimated a hepatitis B susceptibility rate among 
fully vaccinated HCWs in Italy of 27%

● more than 91% (95%CI=89-93%) of subjects responded to the boos
ter dose

● Unimmunized and unresponsive HCWs are a real public health 
concern

● Future HCWs vaccinated at a young age will probably not show 
circulating antibodies

● A booster dose administered periodically or promotion of the screen
ing described above seems necessary
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effects-models, with the estimated heterogeneity obtained 
from the inverse-variance fixed-effects model. The pooled 
prevalence and associated 95% Wald confidence interval 
were plotted, and a forest plot was drawn. The I2 statistic 
was calculated as a measure of the proportion of the overall 
variance attributable to heterogeneity between studies rather 
than chance. Heterogeneity between studies from different 
groups was also assessed. A value of p < 0.05 was considered 
an index of statistical significance of heterogeneity.

Funnel plots were used to assess publication bias. 
A distribution of studies with a symmetrical funnel shape 
indicated no significant bias, while an asymmetrical funnel 
indicated publication bias. Egger’s test for small-study effects 
was also performed.

To evaluate stability, a sensitivity analysis was con
ducted, in which among the studies included in this sys
tematic review, one study was excluded at a time and 
conclusions based on the others were reevaluated to 
avoid severe bias.

Statistical analysis was conducted using STATA MP17 and 
Review Manager 5.4.1 software.

Strategies to promote vaccination among susceptible 
HCWs and characteristics of serosusceptible HCWs were col
lected from all available studies and the respective findings 
were compared, with special attention to the evidence pre
sented in several included papers.

3. Results

3.1. Identification of relevant studies

The flow-chart, constructed following the PRISMA guide [12] 
(Figure 1), shows the process of article selection.

According to the aforementioned inclusion criteria, 24 arti
cles were identified in ISI Web of Knowledge, 18 in Scopus, 
and 29 in MEDLINE/PubMed. After exclusion of duplicate arti
cles in the two databases, 29 eligible studies were identified 
[13–41]. Of these, 6 were excluded because they evaluated the 
same phenomenon in more recent and comprehensive articles 
already included in the review [32–37], and 4 because they did 
not fulfill the inclusion criteria [38–41]. Thus, a total of 19 
studies were found to be eligible [13–31] (Table 1). The 
remaining 213 studies did not meet the inclusion criteria.

3.2. Quality assessment

The NOS was applied appropriately to the included studies, 
and 89.5% were determined to be of high quality (Table 1). 
The impact of study quality was assessed in a sub-analysis.

3.3. Pooled analysis. Meta-analysis showed that the pooled 
prevalence of fully vaccinated subjects without circulating 
anti-HBsAg, estimated from 24.653 Italian HCWs, was 27.1% 
(95%CI = 23.2–31.7%), in accordance with an I2 of 97.5% and 
a p-value for the heterogeneity test of <0.0001 (Figure 2). 

Figure 1. Flow-chart of the bibliographic research.
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Based only on high-quality articles, the pooled prevalence was 
29.4% (95%CI = 25.4–33.6%; I2 = 97.6; p < 0.0001).

A sub analysis by professional category was performed, 
which showed that the pooled prevalence was higher among 
Medical School students/residents (33.7%; 95%CI = 30.8–37.3%; 
I2 = 95.2; p < 0.0001), compared with HCWs (15.5%; 95% 
CI = 10.9–20.7%; I2 = 83.7; p < 0.0001), in agreement with 
a p-value for heterogeneity between sub-groups of <0.0001. 
Sensitivity analysis by quality showed no severe distortion.

The seroconversion rate after the HBV booster dose was 
91.2% (95%CI = 89.2–93.0%), in concordance with an I2 of 
54.0% and a p-value for the heterogeneity test of 0.033 
(Figure 3).

Comparing hepatitis B serosusceptibility between male and 
female HCWs, the RR was 1.09 (95%CI = 0.95–1.25; I2 = 88.0%; 
p < 0.001). Considering only high-quality articles, the RR was 
1.16 (95%CI = 1.03–1.31; I2 = 83.0%; p < 0.001).

Comparing hepatitis B serosusceptibility between the time 
of full cycle vaccination (adolescence/adulthood vs. infancy), 
the RR was 0.30 (95%CI = 0.25–0.37; I2 = 86.0%; p < 0.001). 
Sub-analysis by quality was not performed, as all included 
studies were rated as high-quality.

Sensitivity analysis did not reveal severe distortion by any 
specific study. In the publication bias analysis, there was no 
obvious asymmetry in the funnel plots and no strong evidence 

of publication bias (Figure 4). The p-value of Egger’s test was 
0.825 for the sex-based sub-analysis and 0.330 for the age- 
based sub-analysis.

3.4. Suggestions and procedures for the management of 
non-responders

Most of the included studies [13,14,16,17,20,22–24,26–28] 
reported a higher proportion of serosusceptible HCWs among 
those vaccinated in infancy compared with those vaccinated dur
ing adolescence or adulthood; explanations for this evidence were 
the different maturity of the immune system between the two 
groups and/or the type of vaccine used in adolescents and adults. 
Nevertheless, those vaccinated in infancy were more frequently 
negative for anti-HBs at first follow-up, but they more often 
showed a booster effect after the ‘challenge’ dose [27]. 
Otherwise, no significant differences were found between subjects 
vaccinated >20 years and those vaccinated <20 years [14,16].

Regarding sex, several studies reported no difference [13– 
16,23,26,28,29], while four papers [17,19,20,24] observed 
a significant difference in serosusceptibility in males compared 
with females. Nurses appear to be more seroprotected, probably 
because of more direct and frequent contact with patients and 
their body fluids than other health professionals [19].

Table 1. Characteristics of the selected studies included in meta-analysis and systematic review.

First author Year Quality
Susceptible 
HCWs (n)

Total 
sample

Study 
period

booster 
dose seroconversion Sample age

Italian 
region Population

Quantitative study
Di Giampaolo L** 2022 high 452 1052 2015– 

2018
- - 23.9 ± 3.0 Marche students

Sartorelli P 2022 high 257 850 2018– 
2020

- - 23.0 ± 2.5 Tuscany students

Cocchio S 2021 high 103 539 2005– 
2019

- - 21.6 ± 4.8 Veneto HCWs

Mastrodomenico 
M

2021 high 103 342 2017– 
2019

- - 26.1 ± 4.2 Abruzzo students

Trevisan A 2021 high 3679 11,188 2004– 
2020

- - Born from 1980 to 
1995

Veneto students

Bianchi FP 2020 high 30 181 2017– 
2019

20 19 38.6 ± 10.7 Apulia HCWs

Garzillo EM 2020 high 189 956 2016 - - 46.7 ± 11.1 Campania HCWs
Grazzini M** 2020 high - - 2015– 

2017
795 698 Born between 1980 

and 1998
Tuscany HCWs

Papadopoli R 2020 high 483 1374 2014– 
2018

231 213 24.8 ± 5.1 Calabria students

Verso MG 2020 high 254 483 2015– 
2020

254 21.7 ± 3.7 Sicily students

Bianchi FP 2019 high 1174 3113 2014– 
2017

903 821 24.0 ± 5.0 Apulia students, 
residents

Coppeta L 2019 high 88 734 2018 58 52 Born after 1980 Latium HCWs, 
students

Rapisarda V 2019 moderate 37 212 2017 - - 30.2 ± 2.5 Sicily residents
Stefanati A 2019 high 172 621 2011– 

2018
94 87 24.0 ± 2.7 Emilia- 

Romagna
students, 

residents
Bini C 2018 high 678 2203 2014– 

2015
330 293 Born from 1980 to 

1996
Tuscany HCWs, 

students
Dini G 2017 high 210 717 2011– 

2013
210 200 24.8 ± 4.6 Liguria students

La Fauci V 2016 moderate 4 88 1998– 
2008

- - <30 – >51 Sicily HCWs

Qualitative study
Bechini A 2021 -* - - - - - - -
Trevisan A 2017 -* - - - - - - -

HCWs = healthcare workers 
*quality not assessed; **short report; ***letter 
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Several studies have reported that immune memory remains 
intact for at least 15–20 years after the primary vaccination series 
[16,20,23,24,26,27]. The response to the booster dose appears to 
be related to baseline levels of anti-HBs; a booster dose of HBV 
vaccine may be insufficient to induce an immunologic response in 
a substantial proportion of subjects who have received a primary 
HBV vaccination but have undetectable anti-HBs titers [21,22,26]. 
Indeed, a suggested precautionary measure might be to introduce 

a booster dose before the anti-HBs titer vanishes and becomes 
undetectable [21]. Cocchio S et al. [15] reported good persistence 
of protective anti-HBs titers in HCWs at occupational risk of HBV for 
up to 30 years if their initial titer after the primary vaccination cycle 
was greater than 100 mIU/mL. Anti-HBs titers appear to have 
different kinetics in boosted and non-boosted subjects, with 
a rapid decay among boosted subjects; however, a subject who 
seroconverts after the booster dose but loses circulating 

Figure 2. Forest plot of the pooled prevalence of serosusceptibility to hepatitis B.

Figure 3. Forest plot of the pooled prevalence of seroconversion after booster dose.
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antibodies at a subsequent serologic test should be considered 
immune to hepatitis B, because the persistence of cellular memory 
has already been demonstrated [22].

Ten studies described the management of non-responders 
with a booster dose of the vaccine [18,20–28], seroconversion 
with values >90% was reported in nine of them [18,20,21,24– 
28]. Four studies described the management of HCWs still 
seronegative after the fourth dose [18,20,21,23]; Grazzini 
M et al. [20] described the use of a fifth dose followed by 
serologic evaluation; if still negative, a sixth dose was pro
posed. This management showed a high rate of seroconver
sion but low adherence by health personnel. To face this issue, 
the authors planned, in addition to counseling activities, to 
promote HBV re-vaccination in non-seroprotected HCWs and 
students by distributing pamphlets and publishing posters in 
order to improve awareness among HCWs [20]. In three stu
dies [18,21,23], the vaccination protocol consisted of two 
doses of hepatitis B vaccine administered 1 and 6 months 
after the booster dose, followed 28 days later by a second 
blood test to recheck IgG titers. If the value determined in the 
reevaluation exceeded the cutoff, the HCW was classified as 
seroconverted; if the titer was still negative, the subject was 
considered a ‘non-responder,’ with reassessment for HBV 
infection advocated in all exposure events, with immunoglo
bulin administration when needed. Two papers reported that 
the screening described above was on voluntary basis and 
immunization was not compulsory, with no consequences in 
terms of suitability for work in case of refusal [21,23]; at the 
end of screening, the Occupational Health physician of the 
Bari Policlinico University-General Hospital planned job alter
natives for each worker based on susceptibility status. For 
nonimmune employees who declined the vaccine(s), a ban 

on working in occupational sites with patients at high infec
tious risk was endorsed [18]. This immunization procedure 
[18,23] reported great vaccination aptitude among susceptible 
health personnel and a seroconversion rate >80% after boos
ter doses. No severe adverse events were was recorded after 
vaccination.

All authors determined that screening of health personnel 
is indispensable to avoid nosocomial infections and that pro
motion of an appropriate vaccination protocol should be 
a priority of Occupational Medicine Departments. Convincing 
communication strategies should be planned to educate all 
seronegative health workers to immunize [20,30]; in fact, inter
ventions to overcome misconceptions and mistrust of vaccine 
prophylaxis are indicated as indispensable factors for health 
personnel compliance with vaccination [20]. Lastly, two stu
dies advocated compulsory immunization for both health per
sonnel and Medical School students/residents [18,31].

4. Discussion

Our meta-analysis estimated a susceptibility rate for hepatitis 
B among fully vaccinated HCWs in Italy of 27% (95%CI = 23– 
32%); considering other vaccine-preventable diseases, this 
value is higher than that reported for Italian (9%; 95%CI = 6– 
13%) and European (13%; 95%CI = 10–17%) HCWs for measles 
[42,43]. However, more than 91% (95%CI = 89–93%) of sub
jects responded to the booster dose, demonstrating the per
sistence of cellular immune memory. This memory lasts at 
least 15–20 years, as confirmed for other vaccine-preventable 
diseases, such as measles [42,44], rubella [45], mumps [46], 
varicella [47,48] and pertussis [49,50]. Less than 10% of HCWs 

Figure 4. Funnel plot with pseudo 95% confidence limits.
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who did not respond to the booster dose should represent 
individuals who did not develop immunity after the full course 
of vaccination; in these cases, it seems to be appropriate to 
complete a second full course of vaccination, which appears to 
be able to seroconvert 80–90% of the non-responders to the 
primary full cycle [18,21,23].

To our knowledge, this is the first study to find that male 
HCWs were less likely than female HCWs to have circulating 
anti-HBs IgG, through estimating a Risk Ratio (RR = 1.16; 95% 
CI = 1.03–1.31). Sex differences in response to vaccination or 
infection have been examined in several studies [43,51–54], 
but our analysis is the first to demonstrate these differences 
for hepatitis B vaccination. Females generally have more effec
tive immune responses after immunization and against infec
tion, with immunologic, hormonal, genetic, microbiotic, and 
environmental factors possibly contributing to the difference 
between males and females.

Considering the age of vaccination, our systematic review 
showed that subjects vaccinated during adolescence and 
adulthood reported a higher prevalence of circulating antibo
dies than those vaccinated in infancy (regardless of the time 
elapsed from the last vaccine dose to antibody evaluation); 
this evidence has been confirmed by our meta-analysis, which 
estimated a RR of 0.30 (95%CI = 0.25–0.37). In fact, the infant 
immune system is considered immature, with a restricted 
immunoglobulin repertoire that exhibits low-affinity antibody 
responses and impaired T-cell function with poor B-cell and 
T-cell interaction. The Th2/regulatory T cell-type response and 
reduced somatic hypermutation of B cells, which predominate 
in early infancy, result in reduced immune tolerance and 
humoral response, which transitions to a Th1-type response 
and progressive maturation of immunoglobulin class switch
ing and related responses during the first year of life [16]. In 
addition, the administration of more immunogenic vaccines in 
adolescence/adulthood than in childhood may be another 
explanation [17]. Moreover, our sub-group analysis per profes
sional category revealed more than twice the prevalence of 
subjects without circulating antibodies among students/resi
dents compared with HCWs; actually, professional category is 
a proxy for the real risk factor, that is, the age of vaccination. 
Indeed, most HCWs have been vaccinated during adoles
cence/adulthood, while most students/residents during 
infancy.

Few studies have described the management of suscepti
ble HCWs, but the protocol developed by Bianchi FP et al. 
[18,23] and Papadopoli R et al. [21] has demonstrated high 
efficacy and safety. However, the cost-effectiveness of this 
protocol needs to be evaluated. As reported in the literature, 
several cases of sharps and needle-stick injuries have been 
reported among HCWs and medical students [4,5], and 
a 2020 study [55] asserted that anti-HBs testing possibly fol
lowed by vaccination might be more cost-effective than post- 
exposure management for Hepatitis B. Consider also that new 
technologies are being developed to evaluate cellular immu
nity memory, but their use in clinical practice is still far off [56]. 
Further studies are needed to clarify this point.

The main limitation of this study was the large heterogeneity 
between papers, as suggested by the I2 values; yet, the use of 
random-effects analysis mitigated the bias. However, a strength 

of our paper was the considerable sample size as a result of the 
assortment of selected studies, which enhanced the statistical 
analysis by providing a clearer interpretation of HBV immunity 
status among Italian health personnel. Furthermore, considering 
that numerous papers have examined a recent cohort of HCWs, 
this analysis is up-to-date and consistent. Lastly, sub-analyses by 
sex and age at vaccination provided data, including RR value, 
not previously described in the scientific literature. In the future, 
similar meta-analyses should embrace more papers to conduct 
sub-analyses by age, occupation, and geographic area.

5. Conclusion

The various evidence emerging from this review, confirmed by 
recent literature, underlines that unimmunized and unrespon
sive health workers pose a serious public health concern . 
Therefore, national and international public health organizations 
should encourage the drafting of advanced policies to address 
HBV risk, particularly in high-risk nosocomial sites. Efforts to 
educate health personnel and medical students need to be 
fortified [57], as they have so far proven to be insufficient to 
bridge the immunization gap. The most recent proposal in the 
literature is compulsory vaccination of health personnel [18,31], 
in order to decrease the risk of nosocomial transmission to 
patients and the workers themselves. Three Italian regions 
have ratified a detailed law making immunization semi- 
compulsory for health personnel; this law is centered on fitness 
for work evaluated by occupational health physicians [43], simi
lar to the procedure described by Bianchi FP et al. [23].

A fundamental issue is the management of HCWs vacci
nated during infancy; in fact, currently and increasingly in the 
future, students and health workers born after 1992 are begin
ning to attend wards and caring for patients. Given the 
increased likelihood of finding negative serology, the question 
that public health institutions should ask themselves is to 
understand and decide whether it is appropriate to periodi
cally administer a booster dose of the vaccine (along the lines 
of the tetanus vaccine booster) or to promote the screening 
described above by setting the seroprotection cutoff at 10 
mIU/ml as recommended by the CDC [58]. Indeed, this strat
egy should allow a high level of antibody titers to be main
tained over time and thus keep a nosocomial setting safe. 
Cost-effectiveness analyses and evaluations of health aspects 
are needed to answer this question. 
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