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ABSTRACT
Universal vaccination programmes against Hepatitis B Virus (HBV) have significantly reduced the burden of
the disease; nevertheless, HBV infection remains a relevant issue for high-risk subjects, such as healthcare
workers (HCWs), who may potentially be exposed to blood or body fluids. Our study evaluates the long-
term duration of the immunological memory of HBV vaccination 11-23 years after primary immunization
by examining the response to booster doses in HCWs and students of health disciplines at Careggi
Teaching Hospital in Florence (ltaly). All participants (n = 2,203) had received a complete HBV
immunization course in infancy or adolescence. Blood samples were collected to measure antibody levels
against the HBV surface antigen (anti-HBs); an anti-HBs titre <10 mIU/mL was considered as negative. The
administration of the vaccination course during infancy induced lower long-term anti-HBs titres compared
to those in case of vaccination performed during adolescence (titre <10 mIU/mL: 51.1% and 12.2%
respectively; p < 0.001), also considering that an equal number of years has elapsed since vaccination. A
booster dose administered to subjects vaccinated in infancy is able to induce anamnestic immunological
response in a higher percentage of vaccinated people (p < 0.001). Few subjects (n. = 4) accepted a fifth
dose of vaccine in the case of persistent anti-HBs negative titres; this aspect requires further investigation.
The total absence of acute hepatitis B among vaccinated subjects suggests that the long incubation
period of the disease allows the activation of immunologic memory mechanisms, which is also true in case
of low anti-HBs level. In conclusion HCWs still represent a high-risk category; it is therefore, necessary to
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increase efforts to protect and vaccinate these subjects.

Introduction

All over the world, 2 billion people have evidence of past or
present infection of Hepatitis B Virus (HBV), 240 million are
chronic carriers of HBV surface antigen (HBsAg) and around
680,000 people die each year from hepatitis B complications.'

Italy was one of the first countries to introduce a routine
simultaneous double-cohort vaccination program against HBV
in 1991, even before the World Health Organization (WHO)
recommended universal immunization.>’

In particular, the Italian vaccination plan against HBV
included universal immunization of new-borns in the first year
of life and 12-year-old adolescents with the aim to reduce and
in the long term eliminate the transmission of HBV by creating
24 generations of immune subjects within the first 12 years of
vaccination implementation.

As expected, 20 years after the introduction of universal vac-
cination, a significant decrease in the incidence of acute hepati-
tis B cases was observed.*

Although universal vaccination of new-borns and adolescents
has reduced the burden of disease, HBV infection remains an

issue for high-risk subjects, such as healthcare workers (HCWs),
who may potentially be exposed to blood or body fluids.”

The risk for HCWs of being exposed to a virus is partly pro-
portional to the prevalence of that infection among patients®;
therefore, the risk of HBV infection has certainly decreased in
Italy due to the implementation of universal vaccination for the
last 25 years. However, the risk for HCWss is still relevant.

Vaccination of HCWs in addition to the universal precau-
tions adopted during occupational activity represents the main
strategy of protection highlighted by the WHO and adopted in
Italy for a long time.>” "

The Italian policy for the protection of HCWs against HBV
infection also includes a vigilant screening through the serolog-
ical test for antibodies against HBsAg (anti-HBs) before start-
ing the occupational activity.'? Scientific evidences, show that
subjects with a negative anti-HBs result (<10 mIU/mL) should
receive up to three additional doses of vaccine in order to
achieve immunological response.”'*'* The Italian Health Min-
istry recommends this protocol in case the subject is identified
as a non-responder to the basic immunization course.'’

CONTACT Paolo Bonanni 8 paolo.bonanni@unifi.it @ Department of Health Sciences, University of Florence, Viale GB Morgagni, 48 — 50134 Florence, Italy.
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We analysed the data obtained from HCWs and students of
health disciplines attending an Italian teaching hospital, who
have undergone occupational medicine visits. The aims of the
study are: to assess the antibody levels against HBV after 11—
23 years from administration of the primary vaccination
course; analysed whether vaccination administered in the first
years of life can guarantee protection in adulthood, when the
risk of infection increases, and evaluate the effectiveness of
booster doses in increasing the immunological response.

Results

A total of 2,203 subjects (1.408 females and 795 males) were
included in the study. All of them had received vaccination
against HBV (three doses) during infancy or adolescence. The
main descriptive results are shown in Table 1.

The exact intervals between primary vaccination and anti-
HBs titres check were: 17.2 years (minimum 12, maximum 23
years) in Group 1 (individuals born between 1980 and 1990
and vaccinated at 12 years of age) and 19.3 years (minimum
17, maximum 22 years) in subject born between 1992 and 1996
(belonging to Group 2 and vaccinated in the first year of life).
Group 2 also included subjects born in 1991 (n 152), most of
whom (79.6%) were vaccinated in adolescence; the interval
between primary vaccination and anti-HBs levels check was
11.4 years. Conversely, 20.4% received vaccine in infancy, for
them the interval was 22.8 years.

From the analysis of serum samples that were collected dur-
ing the occupational health visits, 678 subjects (30.8%) had
anti-HBs titre <10 mIU/mL, 757 (34.4%) between 10 and
100 mIU/mL and 768 (34.8%) had > 101 mIU/mL (Table 1).

Figure 1 shows the proportion of subjects with non-protec-
tive titre of anti-HBs (<10mIU/mL) broken down by year of
birth.

Group 1 was composed of 1,152 people, of which 141
(12.2%) had anti-HBs titre < 10 mIU/mL, 398 (34.5%) had
between 10 and 100 mIU/mL, and 613 (53.3%) had >

Table 1. Descriptive data of the subjects evaluated in the study.

101 mIU/mL. Group 2 was composed of 1,051 people, of which
537 (51.1%) had anti-HBs titre < 10 mIU/mL, 359 (34.2%)
between 10 and 100 mIU/mL and 155 (14.7%) had >
101 mIU/mL (Fig. 2).

We analysed the relation between the titre of anti-HBs <
10 mIU/mL and the timing of vaccination (at 12 years of age =
Group 1, or in the first year of life = Group 2). The proportion of
subjects with anti-HBs < 10 mIU/mL was found to be significantly
higher in Group 2 (OR = 7.49, 95% CI 6.05-9.27, p < 0.001).

We also examined the possible differences among the propor-
tion of negative subjects within each group: no associations were
found in Group 1 (p > 0.05). Conversely, in Group 2, a statistically
significant difference was found between years of birth 1992-1996
and year of birth 1991. The latter showed a higher proportion of
individuals with negative anti-HBs (p < 0.05).

In order to compare the antibody response of people vacci-
nated at 12 years of age with those vaccinated in the first year
of life on an equal number of years since vaccination, we evalu-
ated the proportion of subjects with anti-HBs < 10 mIU/mL
within each ‘vaccination year cohort’. As shown in Table 2, in
all six cohorts, individuals vaccinated in the first year of life had
non-protective antibody titres more frequently than those vac-
cinated at 12 years of age.

Among the 678 subjects with anti-HBs titre <
10 mIU/mL, 330 (48.7%) received a fourth dose of vaccine,
while the others refused. The measurement of the antibody
response one month after this further dose shows that 37
subjects (11.2%) still had anti-HBs titre < 10 mIU/mL; con-
versely, 293 (88.8%) subjects achieved a protective antibody
titre. Figure 3 shows the proportion of subjects with differ-
ent levels of anti-HBs after the fourth dose of vaccine, bro-
ken down by group. Subjects of Group 2 showed a lower
failure to boost anti-HBs titre than those of Group 1
(OR = 0.23, 95% CI 0.11-0.47, p < 0.001).

Finally, we proposed a fifth vaccine dose to the 37 non- pro-
tected subjects. This protocol was started in October 2015 and
only four people (half belonging to Group 1 and half to

Anti-HBs titre (mlU/mL), n. of subjects (%)

Group Year of birth N. of subjects <10 10-100 > 101 > 10

1 1980 74 8(10.8) 27 (36.5) 39 (52.7) 66 (89.2)
1981 82 6(7.3) 29 (35.4) 47 (57.3) 76 (92.7)
1982 85 4(4.7) 26 (30.6) 55 (64.7) 81(95.3)
1983 109 4(3.7) 44 (40.4) 61 (55.9) 105 (96.3)
1984 118 11(9.3) 31(26.3) 76 (64.4) 107 (90.7)
1985 132 18 (13.6) 46 (34.8) 68 (51.6) 114 (86.4)
1986 114 23 (20.2) 31(27.2) 60 (52.6) 91 (79.8)
1987 108 18 (16.7) 45 (41.7) 45 (41.6) 90 (83.3)
1988 97 14 (14.4) 28 (28.9) 55 (56.7) 83 (85.6)
1989 97 15 (15.5) 37 (38.1) 45 (46.4) 82 (84.5)
1990 136 20 (14.7) 54 (39.7) 62 (45.6) 116 (85.3)

Total 1980-1990 1152 141 (12.2) 398 (34.5) 613 (53.3) 1.011 (87.8)

2 1991 152 47 (30.9) 47 (30.9) 58 (38.2) 105 (69.1)
1992 182 99 (54.4) 60 (33.0) 23 (12.6) 83 (45.6)
1993 253 135 (53.4) 85 (33.4) 33(13.2) 118 (46.6)
1994 232 131 (56.5) 83 (35.8) 18 (7.7) 101 (43.5)
1995 155 83 (53.5) 55 (35.5) 17 (11.0) 72 (46.4)
1996 77 42 (54.5) 29 (37.7) 6 (7.8) 35 (45.5)

Total 1991-1996 1051 537 (51.1) 359 (34.2) 155 (14.7) 514 (48.9)

TOTAL 1980-1996 2203 678 (30.8) 757 (34.4) 768 (34.8) 1525 (69.2)
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Figure 1. Proportion of subjects with anti-HBs < 10 mUI/mL and > 10 mUI/mL broken down by year of birth.

Group 2) were enrolled.All of them developed a protective anti-
HBs titre one month after the fifth dose.

Discussion

Our study confirms a high adherence to the Italian universal
routine vaccination program against HBV in the age group 1-
36 years.All enrolled subjects had received three doses of vac-
cine during infancy or adolescence.

After three intramuscular doses of hepatitis B vaccine, more
than 90% of healthy adults and more than 95% of infants, chil-
dren, and adolescents were found to develop adequate antibody
responses. '’

Conventionally, a level of anti-HBs > 10 mIU/mL is consid-
ered protective as a proxy of the acquisition of immunological
memory against HBsAg.”'®

From literature data, it is evident that antibody levels decline
with time: the achievement of the maximum antibody titre is
usually about one month after the last vaccine dose. A sharp
decay in the titre occurs over the months, but the declining
trend of the antibody concentration slows down in the follow-
ing years.">"”

However, immunologic memory persists for more than
20 years following immunization, and healthy subjects with
declining antibody levels are still protected against HBV
infection.'®

In our study, the 30.8% of the total sample showed non-pro-
tective antibody titres. The proportion of subjects with anti-
HBs titre < 10 mIU/mL in subjects immunized in the first year
of life was significantly higher that those immunized at 12 years
of age (51.1% and 12.2% respectively; p < 0.001); this differ-
ence was also confirmed when the analysis was performed

53%
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30%

20%

10%

0%
Group 1

@ Anti-HBs < 10mUIl/mL M Anti-HBs 10-100 mUl/mL ® Anti-HBs = 101 mUI/mL

51%

Group 2

Figure 2. Proportion of subjects with anti-HBs < 10 mUI/mL, between 10 and 100 mUI/mL and > 101 mUI/mL broken down by group (Group 1 = vaccinated at 12 years

of age; Group 2 = vaccinated in the first year of life).
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Table 2. Proportion of subjects with anti-HBs < 10 mUI/mL by year of birth in each ‘vaccination year cohort'. Logistic regression analysis. Odds Ratio (OR); 95% Confi-

dence Interval (95% Cl); p values.

Vaccination year cohort Years of birth (% of subjects with anti-HBs < 10 mIU/mL) OR 95% Cl p

1991 1991 (30.9) vs 1980 (10.8) 3.69 1.64-8.30 <0.005
1992 1992 (54.4) vs 1981 (7.3) 15.10 6.26-36.45 < 0.0001
1993 1993 (53.4) vs 1982 (4.7) 23.16 8.23-65.40 < 0.0001
1994 1994 (56.5) vs 1983 (3.7) 34.04 12.13-95.53 < 0.0001
1995 1995 (53.5) vs 1984 (9.3) 11.21 5.58-22.49 < 0.0001
1996 1996 (54.5) vs 1985 (13.6) 7.60 3.89-14.84 < 0.0001

considering an equal number of years since vaccination. These
results are in accordance with a recent Italian study conducted
on 717 healthcare students immunized against HBV in infancy
or adolescence.'” Similar to our results, 29.3% of the subjects
showed non-protective antibody titres. Moreover, a higher
prevalence of subjects with anti-HBsAg titre < 10 mIU/mL was
found among people vaccinated as infants compared to those
vaccinated as adolescents (p <0.001).

Furthermore, among people vaccinated at 12 years of age, no
difference was found in the percentage of negative results for
anti-HBs between subjects born in different years. Conversely,
among people vaccinated in the first year of life, a significant
difference emerged between subjects vaccinated in 1991 (about
24 years before the study) and those vaccinated in the following
years (1992-1996) (p < 0.05).

In particular, contrary to expectation, people born in 1991
showed a higher proportion of anti-HBs protective level. This
can be explained by the fact that thecompulsory vaccination
against HBV, was issued in Italy on 27 May 1991, but was
implemented in the whole country only from October 1991.
Therefore, several subjects born in 1991 were in reality vacci-
nated at 12 years of age, thus making the 1991 birth cohort a
mixed population in regard to the age of administration of
vaccination.

In public health programmes of universal HBV immuniza-
tion, the control of seroconversion after vaccination is not

considered a cost-effective practice because of the high level of
protection obtained in the community. On the other hand, it is
important to verify the existence of protection in subjects
exposed to a high risk of infection, such as HCWs. For this rea-
son, workers and students in the healthcare sector need to be
checked for anti-HBs. If they are found to be positive, no fur-
ther action is needed. In subjects who received hepatitis B vac-
cine in the distant past and have anti-HBs titre <10 mIU/mL,
it is not possible to distinguish between failure to respond to
the initial vaccination (lack of protection) and response to the
initial vaccination followed by reduction of antibody titre (pro-
tected). In these cases, the subjects should receive a ‘challenge’
dose of vaccine, and should be checked again one month later.
If a booster response is evident, this means that immunological
memory exists, and no further action is needed. On the con-
trary, a persistently negative result requires the completion of
the second vaccination course with two doses (one immediate
and one after four to six months) in order to obtain the acquisi-
tion of immunological memory (40-70% of initial non-pro-
tected subjects show seroconversion to the new series).”'>'*
Only people with titre <10 mIU/mL after two full series of the
hepatitis B vaccine (six doses) would be considered non-
responders.

In our study, after a fourth dose of vaccine was administered
to subjects with low anti-HBs titre, only 11.2% did not develop
anti-HBs protective levels at one month; most of them were
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Figure 3. Proportion of subjects with anti-HBs < 10 mUI/mL and > 10 mUI/mL, after the fourth dose of vaccine, broken down by group (Group 1 = vaccinated at 12 years

of age; Group 2 = vaccinated in the first year of life).
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vaccinated at 12 years of age (p < 0.001). On the other hand,
those vaccinated in infancy were more frequently anti-HBs
negative at the first check, but showed a booster effect after the
‘challenge’ dose more often.

Therefore, although anti-HB:s titres achieved in case of vac-
cination in infancy are lower than in case of immunization at
adolescent age and the likelihood of a negative anti-HBs result
is much higher many years later, our results seem to confirm
that immunological memory in case of infant immunization is
almost invariably acquired and conserved 11-23 years later.

Similar data about the long-term protection of HBV vaccine
after primary immunization are demonstrated in the study by Dini
et al., where the protection was shown to last more than 20 years;
but a lower failure to respond to booster dose was reported com-
pared to our results (only in 5% of subjects).'® Furthermore, they
did not find a difference between subjects vaccinated in infancy
and those vaccinated in adolescence in terms of the anamnestic
response to a booster dose of vaccine. Other studies confirm the
persistence of a strong immune memory after primary immuniza-
tion: in the study by Zanetti et al., an anamnestic response is pres-
ent in more than 95% of cases 10 years after a primary
immunization performed in infancy or adolescence.”® Moreover,
in this study an anti-HBs titre <10 mIU/mL was prevalent in sub-
jects vaccinated in infancy (36%) compared to those vaccinated in
adolescence (11%). Spada et al. extended the study of Zanetti et al.
in order to evaluate the immune memory achieved by primary
immunization in infancy; they concluded that vaccination in the
first year of life lasts for at least 17 years and additional booster
doses are not needed at this time to maintain long-term protec-
tion.*! The dramatic decrease of acute hepatitis B occurrence in the
Italian vaccinated cohorts suggests that the long incubation period
of the disease allows the activation of immunologic memory mech-
anisms, even when anti-HBs are no longer detectable.”>*

We found a poor adherence to revaccination among HCWs
and students (only 48.7% accepted a fourth dose of vaccine).
This is a critical aspect that will need further work, particularly
in terms of communication about benefits and drawbacks of
both vaccination and non-vaccination.**

One limitation of the study is that in the absence of documenta-
tion regarding vaccination, we checked the vaccination status for
HBYV based on self-reporting; therefore, this might be subject to
recall bias. This issue only affects 14.4% of the subjects; however, in
the literature, self-reporting of influenza, pneumococcal polysac-
charide, hepatitis A, hepatitis B, and HPV vaccination status
among adults has proved to be sensitive and specific.”

Others limitations are related to the fact that no data about
peak antibody titre are available and that information about
specific conditions and behaviours of participants (e.g., obesity,
alcohol consumption and smoking habits), which are consid-
ered to be variables involved in the decrease of the immunoge-
nicity of HBV vaccine over time, was not collected.*

Conclusion

Preventive occupational medicine visits provided the occasion
to study a sample of Italian HCWs and students of health disci-
plines, in order to analysed HBV vaccination coverage, the
kinetics of anti-HBs levels and the immunological response to
booster doses of vaccine. The administration of the vaccination

HUMAN VACCINES & IMMUNOTHERAPEUTICS e 5

course during infancy elicits lower anti-HBs titres compared to
the vaccination performed during adolescence, but a booster
dose induces an anamnestic response more frequently.

Although population preventive programmes, such as the uni-
versal vaccination introduced in 1991, are making HBV transmis-
sion to HCWs an increasingly rare event, the occupational risk is
still considerable. It is, therefore, necessary to continue and increase
efforts to protect and vaccinate all these subjects. Administration of
up to three further doses of vaccine in non-responder subjects
should further decrease the number of non-immune HCWs and
contribute to the progress towards the goal of a zero-risk for acqui-
sition of new HBV infections in Italy.

Materials and methods

The study was conducted from January 2014 to December 2015
in the Occupational Medicine Service of Careggi Teaching Hos-
pital, a tertiary adult acute care center in Tuscany in the city of
Florence (Italy), with nearly 1,300 beds. The subjects involved
were all students of health disciplines and HCWs, born in Italy
between 1 January 1980 and 31 December 1996, attending or
employed at the Careggi Hospital during the study period.

All involved subjects were verified as being fully vaccinated. The
verification was done by checking their vaccination certificate or
booklet generated by vaccination registry, which was available in
85.6% of cases. When this was not available, we asked the person
about his own vaccination status (self-reporting). During preven-
tive visits and periodic controls, as required by law,"" the subjects
underwent blood sampling to measure anti-HBs by ADVIA Cen-
taur® assay, an antibody-capture microparticle direct chemilumi-
nometric immunoassay used to measure the amount of anti-HBs
in human serum and plasma. The criteria provided by the producer
were applied for the qualitative evaluation of antibodies and anti-
gen detection, according to specific instruction manual. Anti-HBs
titres were classified into three levels: < 10 mIU/mL, from 10 to
100 mIU/mL and > 101 mIU/mL. According to current Interna-
tional Standards, subjects with anti-HBs concentrations of <
10 mIU/ml following the primary series of vaccination are consid-
ered non-protected against HBV infection, while an anti-HBs titre
>10 mIU/mL indicates a protective level. Subjects with anti-HBs >
101 mIU/ml after the primary series can be regarded as good-res-
ponders to the vaccine.””*®

Age, sex and primary vaccination course were also recorded.

In order to analysed the possible differences in the titre of
anti-HBs, we classified students and HCWs into two groups on
the basis of their year of birth: in Group 1 (subjects born
between 1980 and 1990) the three doses were administered at
12 years of age, while in Group 2 (born between 1991 and
1996) the first series of vaccine was administered in the first
year of life. However, subjects born in 1991 might have received
immunization as either infants or adolescents. We also divided
subjects into six ‘vaccination year cohorts’ based on the year of
vaccination, with the aim of comparing the antibody response
of people vaccinated at 12 years of age with those vaccinated in
the first year of life, after an equal number of years since the
vaccination. The vaccination cohort of 1991 included subjects
born in 1980 and 1991; the vaccination cohort of 1992 included
subjects born in 1981 and 1992; the vaccination cohort of 1993
included subjects born in 1982 and 1993; the vaccination
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cohort of 1994 included subjects born in 1983 and 1994; the
vaccination cohort of 1995 included subjects born in 1984 and
1995 and the vaccination cohort of 1996 included subjects born
in 1985 and 1996. The descriptive analysis of results was per-
formed using the Microsoft Excel 2010 software, while the sta-
tistical analysis was carried out with the software SAS 9.3. The
association between binary variables was evaluated using the
simple logistic regression model. The research was carried out
in compliance with the Helsinki Declaration.
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