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Abstract

Objective: The development of a vaccine against hepatitis B virus (HBV) is one of the improvements in strategy
prevention during the last decades.

Aim: To evaluate HBV-related vaccine status in healthcare workers (HCW) exposed to biological risk.

Methods: The serum markers for HBV were collected from HCWs in two tertiary care hospitals in Naples (ltaly).
Multivariate statistical analysis was then performed to identify associated factors linked to the long-term immunogenicity
of the HCWVs.

Results: All HBV vaccinated individuals were screened for whole marker patterns; all were HBsAg/anti-HBc negative.
Of individuals, 20% had an anti-HB antibody titre << 10 IU/L. Multivariate statistical analysis highlighted that women were
more protected than men (73.6% vs. 26.4%, P < 0.05). Additionally, nurses seem to maintain a higher antibody titre than
doctors and other staff, such as auxiliary technicians (P < 0.05).

Conclusions: Our data support the evidence of a strong immunogenicity against HBV, assessed through the circulating
antibody titre, when prophylactic vaccination is conducted in non-infantile age, particularly for women.The outcome of
the study supports the central role of occupational physicians within the hospital districts in terms of primary prevention
and maximum protection of HCWs.
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Background

Hepeatitis B virus (HBV) is a global health problem. There
is evidence that 360 million people are chronically infected
and that almost 1 million people die annually from its acute
or chronic sequelae, such as fulminant hepatitis, cirrhosis

and hepatocellular carcinoma (Ott et al., 2012). The preva-
lence of HBV-related hepatitis varies across countries: in
industrialised countries of Western European and North
America, the prevalence of HBV surface antigen (HBsAg)
positivity in the general population is < 2% (low
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endemicity); in most Mediterranean countries, in Eastern
Europe and Asia, it is in the range of 2—8% (intermediate
endemicity). The overall prevalence of Hepatitis B is high-
est in some developing countries in Far East Asia, sub-
Saharan Africa and in the Western Pacific region where
about 6% of the adult population is infected (high endemic-
ity) (World Health Organization, 2018).

Healthcare workers (HCWs) are more frequently exposed
to the risk of acquiring HBV infection than the general pop-
ulation through mucosal-cutaneous exposure to potentially
infectious blood (eyes, oral mucosa or skin) or through per-
cutaneous exposure to contaminated sharp objects (needles,
blades, etc.) (Elseviers et al., 2014). According to World
Health Organization (WHO) data, there are approximately
36 million HCWs worldwide, 3 million per year suffer a
work-related injury occurred by a sharp instrument, result-
ing in 2 million workers infected by HBV and 1 million by
Hepeatitis C virus (Lee, 1997). Other studies estimated that
HCWs injuries caused by sharp objects are in the range of
1.4-9.5 per 100 workers per year, resulting in 0.42 HBV
infections per 100 sharp-object injuries per year (Centers for
Disease Control and Prevention, 1997). A range of different
measures and interventions, such as the use of safety
devices, has helped to reduce the risk of HBV transmission,
but the development of HBV vaccines must be considered
the major achievement in terms of prevention of HBV infec-
tion (De Schryver et al., 2011).

In Italy, universal HBV vaccination of infants was intro-
duced in 1991 and was extended to children aged 12 years
during the first 12 years of application, a strategy that
ensured coverage of the Italian population aged 0-24 by
2003 (Lamberti et al., 2015; Trevisan et al., 2008). HBV
vaccination is also recommended for people at risk of
acquiring HBV infection, such as health professionals,
according to international Occupational Medicine
Guidelines for HCWs (Schillie et al., 2013). The vaccina-
tion is recommended at the career start for those not pro-
tected to avoid early infection and disease development
(Puro et al., 2005).

It is generally observed that antibodies (Abs) titre
decline over time following immunisation, resulting in an
increased infection rate, especially when the HBsAg titre
falls below the protective cut-off level of 10 mIU/mL
(Zanetti et al., 2005). The aim of the present study was to
evaluate the long-term immunogenicity and effectiveness
of HBV vaccination in HCWs in two tertiary care hospitals
in the Neapolitan area of southern Italy and to identify inde-
pendent predictive factors of long-term immunogenicity. In
the Neapolitan area, the prevalence of HBV infection was
very high until the introduction of HBV vaccination
(Sagnelli et al., 2014).

Methods

The authors designed a cross-sectional study conducted
from January to December 2016, enrolling all HCWs

working in two tertiary care hospitals in Naples, Italy. The
hospitals provide outpatient and inpatient services for all
medical and surgical specialties. HCWs (whose activities
involved contact with patients’ blood or other bodily fluids
while providing care) such as physicians, surgeons, nurses,
midwives, physiotherapists, lab technicians, radiographers
and blood-bank workers were enrolled for the study. All
data were obtained from the hospitals’ Health Surveillance
Program, required by law in Italy. This program includes a
blood sample from all exposed workers to evaluate their
health status, including HBV immunisation. This is estab-
lished by the Legislative Decree n.81, April 2008.

After obtaining informed written consent, all recruited
HCWs completed a pre-coded questionnaire stating their
age, gender, HBV status, previous exposure to HBV and
educational level. Eligible individuals were those who
received a three-dose series of either plasma-derived or
recombinant HBV vaccine and could provide documenta-
tion of the dates of vaccination. In the absence of such docu-
mentation, individuals were requested to obtain a note from
their general practitioner indicating the vaccination dates.

A blood sample was taken from each worker included
in the hospitals’ Health Surveillance Program under strict
aseptic conditions using a plain vacutainer. Blood was
allowed to clot and serum was separated and stored at —20
°C until testing. HBV serum markers (HBsAg, anti-HBs
and anti-HBc) were determined using commercial
immuno-enzymatic assays (Abbott Laboratories, North
Chicago, IL, USA). Anti-HBs titres were extrapolated
from a calibration curve generated using the WHO refer-
ence standard and were expressed in IU/L. In particular,
actual values were obtained for anti-HBs titres in the range
of 10-400 IU/mL; for this interval, the geometric mean
was calculated using standard procedures. The laboratory
readout indicated only either “under 10 IU/mL” or “over
400 IU/mL,” respectively.

According to Italian legal guidelines for observational
studies, ethical approval for conducting this survey was
unnecessary and, accordingly, cross-sectional studies do
not require approval by the local institutional review
boards. Personal information on the individuals included in
the study was protected according to Italian law (Italian
Medicines Agency, 2008).

Statistical analysis using StatGraph v3.0 was performed.
Continuous variables were given as mean * standard devi-
ation (SD), and categorical variables as the absolute value
and relative frequency. Differences in mean were evaluated
using an unpaired Student’s t-test; the chi-squared test was
applied to categorical variables. A P value < 0.05 was con-
sidered statistically significant.

Results

By the inclusion criteria outlined by the authors, 956 indi-
viduals were recruited. The entire cohort was vaccinated
for HBV and screened for the complete pattern of markers,
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Table |I. Examined cohort characteristics.

Workers n = 956

Age (years) (median (range)) 47 (21-71)
Age (years) (mean * SD) 46.7 = 11.1
Sex (n (%))

M 516 (54)

F 440 (46)
Nationality (n (%))

Italian 939
Others 17
Working classes (n (%))

MD 288 (30)
Nurse 510 (53.5)
Other 158 (16.5)
Age at vaccination (n (%))

At birth 22 (2)
Adulthood 934 (98)
Abs titre, HCWs (n (%))

HBsAb < 10 Ul/mL 189 (20)
HBsAb =10 Ul/mL 767 (80)
Time since vaccination (years) 21 + 49

(mean * SD)

all resulting negative for HBsAg/anti-HBc. There was no
relevant difference between HCW distribution in the two
studied sites. The selected cohort is composed almost
exclusively of Italian workers born in Campania region,
with a slight prevalence of female workers (516 men [54%)],
440 women [46%] ) and at 21 years (SD = 4.9) since date
of vaccination. All included HCWs were HBV immunised
according to the national vaccination plan and did not
report accidents linked to contact with biological fluids, in
agreement with the predefined inclusion criteria.

The mean age of the cohort was 46.7 years (SD = 11.1).
The largest group of HCWs were nurses (510, 53.5%),
whereas medical doctors were 288 (30%) and other HCWs
were 158 (16.5%).

Almost the whole examined population received the
anti-HBV vaccination as young adults. The mean time
since vaccination was 21 years (SD = 4.9). A sufficiently
high HBsAb titre level was maintained in about 80% of the
studied cohort with only 189 (20%) individuals resulting in
an anti-HBs antibody titre < 10 IU/L. The overall charac-
teristics of the enrolled cohort are described in Table 1.

Subsequently, the authors stratified the data in order to
analyse the differences between protected and unprotected
workers, i.e. between HCWs presenting high/low titres
(10 IU/mL considered as the cut-off). The statistical analy-
sis showed that female nurses had higher Abs titres com-
pared to men (565 vs. 202, 73.6% vs. 26.4%, P = 0.05)
(Table 2).

Furthermore, the multivariable analysis highlighted the
HCWs’ gender and tasks within the hospital facilities in
relation to Abs titre, showing the female nurses as the most
protected HCW profile, because of their maintaining a
higher Abs titre compared to the medical doctors and the
other personnel such as technicians or assistants (P = 0.05)
(Table 3).

Discussion

Hepeatitis B and C represent a significant problem in health-
care professionals; the prevention of hepatitis among work-
ers through the involvement of Occupational Health
Doctors is recommended by all international institutions.
The development of a specific vaccine has represented a
benchmark in terms of workplace HBV prevention.

The objective of this study was to evaluate long-term
immunogenicity and efficacy of HBV vaccination in two
hospitals in the Neapolitan area, Campania region, southern
Italy, where the prevalence of HBV infection was very ele-
vated until the introduction of HBV vaccination. An addi-
tional objective was to identify the independent predictors
of long-term immunogenicity.

This cross-sectional study analysed the situation 25
years after the introduction of the vaccination in the
Campania region. The data analysis, detailed in Table 1,
shows a vaccination coverage rate of around 80%, in
accordance with the national data. The characteristics of
vaccinated HCWs are described in Table 2 and multivariate
analysis in Table 3.

The average age of enrolled individuals was 46.7 years
(SD = 11); SEVEIA (Integrated Epidemiological System of
Acute Viral Hepatitis) data show that this age seems to be
more related to hepatitis B infection (aged 35-54 years),
especially considering the potential risk exposure due to
intrinsic healthcare activities (Istituto Superiore di Sanita,
2017). As already mentioned, the Abs titre stayed over the
cut-off (10 UI/mL) for about 80% of the sample, represent-
ing a good protective rate. Of HCWs, 20% proved to be
unprotected and did not show substantial differences in terms
of averages/medians age compared to the protected sample.

As previously described, most of the examined individ-
uals received HBV vaccination in adulthood; however, the
statistical analysis of the vaccination year did not show a
significant difference. Consequently, this lack of signifi-
cance linked to a ‘not normal’ cohort distribution between
‘vaccinated at birth’ and ‘adult vaccinated’ workers needs
further investigation that should be conducted by increas-
ing the sample size.

The univariate statistical analysis defined the cohort
characteristics according to the anti-HBs titres in order to
stratify workers based on circulating Abs titre at the time of
the examination. Significant findings were demonstrated
about gender. Female HCWs are more protected than their
male colleagues (P < 0.05; Table 2). This finding results in
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Table 2. Healthcare workers (HCWs) stratified by HBsAb titre: variables compared.

Time since Working
Age (years) Sex Age at vaccination vaccination categories
(median Age (years) (P = 0.009) (birth/adulthood) (years) (mean (P < 0.05)
(range)) (mean *=SD) (n (%)) (n (%)) + SD) (n (%))
HBsAb < 189 (20) 47 (21-68) 467 = 113 F: 86 (45.5) 7 (3.7)/182 (96.3) 19.3 + 4.76 MD: 49 (26)
10 mUI/mL M: 103 (54.5) Nurse: 95 (50)
Other: 45 (24)
HBsAb > 767 (80) 47 (23-71) 468 = |1 F: 565 (73.6) 15 (2)/752 (98) 213 + 733 MD: 239 (31.2)
10 mUI/mL M: 202 (26.4) Nurse: 415
(54.1)
Other: 113
(14.7)

Table 3. Multivariate analysis showing the highest antibody titre for women and nurses (P < 0.05).

Variables Odds ratio
Gender: male vs. female 1.57

Age at vaccination: at birth vs. as adult |

Work category: nurse vs. other 0.49

agreement with recent evidence in the scientific literature
(Muvunyi et al., 2018).

Results showed that nurses had higher Abs titre com-
pared to doctors and other hospital staff members, such as
technicians and assistants (P = 0.05). This may be due to
more direct and frequent contact with patients and their
body fluids compared to the other health professionals,
such as the medical class that works in a clinical area or
healthcare technicians less exposed to biological fluids.
Furthermore, in the case of such probable ‘inapparent’
occupational exposure, an important fact seems to be that
67.7% of the nursing staff, who maintain a high Abs titre,
are occupied in several departments at risk, with a possible
increase in HBV transmission, assuming hidden exposures
when injuries and/or possible contacts with contaminated
biological fluid are not demonstrable (i.e. surgical activities
and microsurgery, interventional, endoscopy, etc.)
(Makvandi, 2016).

Nurses in this study with titres about the cut-off level
appear to be protected against HBV infection. However, it
is possible that vaccinated HCWs presenting Abs titre
under the cut-off are also protected. Indeed, some recent
studies showed that despite the absence of HBsAb expres-
sion in the peripheral circulation, cytochemical activation
assay through ELISPOT has defined the permanence of
immunogenic memory and the strong probability of reacti-
vation and antibodies production following HBs antigen
exposure (Saffar et al., 2014).

Several scientific studies have reported that about 85—
90% of those vaccinated during adolescence showed a high
anti-HBs Abs titre level 10 years after vaccination. The

95% ClI P

1.13-2.18 0.01
0.99-1.2 0.88
0.31-0.79 0.00

percentage is reduced for those who were vaccinated in
childhood, about 40-60% (Chiara et al., 2013), probably
due to a lower interaction between B and T lymphocytes in
childhood; and in some cases, anti-HBs in maternal serum
could alter the immune response in newborns (Zhu et al.,
2011).

Thus, our data support the evidence of immunogenicity
against HBV, assessed through the circulating Abs titre,
when HCWs were vaccinated as young adults and accord-
ing to the cycle indicated by the current vaccination plans.
In our study, the variation in the Abs titer did not seem to be
associated with the age when the vaccination took place.
However, this observation was not supported by the uni-
variate analysis.

The variables considered in our multivariate analysis are
described in Table 3. This analysis has enabled us to define
the profile of the workers more protected from the risk of
HBYV, considering that the protection conferred was a higher
antibody titer. Women (odds ratio [OR] = 1.57, P = 0.01),
with regard to gender, and nurses, with regard to the work-
ing classes, prove to be more protected (OR = 0.49); this
statistical analysis allowed us to consider the cohort’s ‘gen-
der’ and ‘working task’ as independent variables.

Conclusions

The evaluation of HBV markers in HCWs is useful to iden-
tify and reduce the number of unprotected workers who
have not been vaccinated or show a low antibody titre. The
result of the study corroborates the central role of the
Occupational Health Service in hospital facilities related to
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primary prevention and maximum protection of workers in
the healthcare environment, particularly those highly
exposed to the risk of exposure to body fluids and at
increased risk of sharps injuries.
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