
Impact and long-term protection of hepatitis B vaccination:
17 years after universal hepatitis B vaccination in Tunisia

H. CHAOUCH1,2,3*, W. HACHFI1,2, I. FODHA4, O. KALLALA4, S. SAADI4,
A. BOUSAADIA2, F. LAZRAG2, I. BOUGMIZA5, M. AOUNI3, A. TRABELSI4,
E. BEN JAZIA2,6

AND A. LETAIEF1,2

1Department of Infectious Diseases,University Hospital Farhat Hached, Sousse, Tunisia
2Viral Hepatitis Research Unit (UR12SP35), University Hospital Farhat Hached, Sousse, Tunisia
3Laboratory of Infectious Diseases and Biological Agents, Faculty of Pharmacy, University of Monastir,
Monastir, Tunisia
4LR14SP02;Laboratory of Microbiology, University Hospital Sahloul, Sousse, Tunisia
5Department of Community Medicine, University of Sousse, Sousse, Tunisia
6Department of Gastro-enterology, Viral Hepatitis Research Unit (UR12SP35), University Hospital Farhat
Hached, Sousse, Tunisia

Received 29 February 2016; Final revision 11 June 2016; Accepted 24 July 2016;
first published online 18 August 2016

SUMMARY

Hepatitis B virus (HBV) vaccination has been part of the Expanded Programme of Immunization
(EPI) in Tunisia since 1995. The aim of this study was to evaluate, for the first time, the impact
of mass vaccination in Tunisia 17 years after this programme was implemented, and in parallel,
assess the long-term persistence of anti-HBs antibody in the vaccinated Tunisian population. A
total of 1422 students were recruited (703 vaccinated, 719 non-vaccinated). HBV seromarkers
were checked. None of the students from either group had positive HBsAg. The overall
prevalence of anti-HBc was 0·8%. A Significantly higher prevalence of anti-HBc was noted in
unvaccinated students than in vaccinated (1·4% vs. 0·3%, P = 0·02). The overall seroprotection
rate (anti-HBs titre 510 mIU/ml) was 68·9% in vaccinated subjects. Seroprotection rates and
geometric mean titres decreased significantly with increasing age, reflecting waning anti-HBs titre
over time. No significant difference was detected between seroprotection rates and gender or
students’ area of origin. Incomplete vaccination was the only factor associated with an anti-HBs
titre <10 mIU/ml. This study demonstrates the excellent efficacy of the HBV vaccination
programme in Tunisia 17 years after its launch. However, a significant decline of anti-HBs
seroprotection has been observed in 515-year-old adolescents which places them at risk of
infection. Additional studies are needed in hyperendemic regions in Tunisia.
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INTRODUCTION

Hepatitis B virus (HBV) infection and its complica-
tions remain a major worldwide health problem with

more than 350 million chronically infected people
and nearly one million deaths every year from acute
or chronic sequelae of HBV infection, such as fulmin-
ant hepatitis, liver cirrhosis and hepatocellular carcin-
oma [1, 2]. Therefore, HBV infection is an important
public health candidate for prevention, early diagno-
sis, and treatment [3]. Universal HBV vaccination is
considered to be the best way to prevent HBV infection
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in areas with high and intermediate endemicity where
the infection is predominantly transmitted at younger
ages [4]. In 1991, the World Health Organization
(WHO) recommended universal infant immunization
against HBV, with a target for worldwide implementa-
tion by 1997 [5, 6]. As of 2008, 177 countries had imple-
mented HBV vaccine into their national immunization
programme as a routine vaccine given to all infants,
which led to substantial reduction in the global burden
and transmission of HBV [7].

In Tunisia, a country with an intermediate HBV en-
demicity, the prevalence of hepatitis B surface antigen
(HBsAg) and HBV infection range from 5·3% to 7·8%
and 28·5% to 48·5%, respectively [8, 9], with predom-
inance of genotype D [10, 11]. The predominant mode
of HBV transmission was the horizontal route, and
HBV infection had already occurred before age 20
years especially in hyperendemic areas [9]. HBV vac-
cination has been part of the Expanded Programme
of Immunization (EPI) in Tunisia since 1995.
During the first 10 years, the vaccination schedule
consisted of three paediatric doses (10 µg recombinant
HB vaccine) given at ages 3, 4 and 9 months intramus-
cularly in the deltoid or thigh area. Since 2006, the
first administration was advanced to birth following
a three-dose schedule (0, 2, 6 months). In addition,
all pregnant women are screened for HBsAg and ad-
ministration of post-exposure prophylaxis is indicated
for infants born to HBsAg-positive women within 24
h of birth. As a result of this programme, and consid-
ering the high vaccination coverage in Tunisia (94%;
Ministry of Health, Immunization coverage, April
2015) [12], almost all Tunisians citizens born after
1995 have been vaccinated. However, to date, there
is no available local data on the epidemiological sur-
vey of HBV markers after implementation of the uni-
versal vaccination programme.

Previous worldwide data have disclosed a signifi-
cant decrease in newly acquired HBV infection, car-
rier rate, and hepatitis B-related mortality in
countries where universal vaccination has been imple-
mented [13, 14]. Results of various studies revealed
that 90–99% of vaccinated healthy neonates and
adults develop protective levels of antibody against
hepatitis B surface antigen (anti-HBs) after primary
vaccination [15, 16]. However, persistence of this pro-
tective antibody was unknown and is still debated.
Hence, it is important to assess if primary vaccination
can confer protection until adolescence and early
adulthood, when increased risky behaviour can in-
crease the risk of contracting HBV infection [17, 18].

Data of immunity duration in vaccinated infants are
scarce, mainly in countries at intermediate and low en-
demicity, and requires further corroboration [19].

The objectives of the present study were to de-
scribe the change in the HBV endemicity in Tunisia
for the first time 17 years after implementation of
the mass hepatitis B vaccination programme, and
to evaluate the efficacy and the long-term persistence
of immune protection in the vaccinated Tunisian
population.

MATERIALS AND METHODS

Study design and sampling

A cross-sectional, seroepidemiological survey was
conducted in 2012 in the region of Sousse, located in
the Eastern Centre of Tunisia. During the study per-
iod the population of Sousse was 622 100 inhabitants,
of whom 171 000 (27·5%) were aged 10–25 years [20].

The targeted population included students aged 12–
21 years in public colleges in the governorate of
Sousse during the school year of 2012–2013. This
study population constituted a representative sample
of college students. Two groups were targeted: (1) vac-
cinated students, aged 12–17 years, born between 1995
and 2000, i.e. up to 5 years after the introduction of
universal vaccination, and (2) non-vaccinated stu-
dents, aged 18–21 years, born near the start of the uni-
versal HBV vaccination programme (birth years
1991–1994).

A stratified, two-stage, random cluster sampling
was performed to select colleges. First, we sampled
colleges, and then we sampled classes from selected
colleges. Distribution of colleges in urban, suburban
and rural regions was taken into account during sam-
pling. Sample size calculation was estimated as a total
of 1344 students with an expected HBV seropreva-
lence of 3% in the vaccinated group and 7% in the un-
vaccinated group. An allocation ratio between the two
groups was equal to 1 (±5% level of accuracy), with a
power of 90% and a confidence level of 95%.

Data collection

We assessed students’ vaccination history by examin-
ing school medical records or their personal health
booklet. This booklet, which is used to record a per-
son’s vaccination history, is provided to the parents
of all newborns by the hospital. According to data
recorded in the health booklet, students born before
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1995, who were vaccinated against HBV, were system-
atically excluded from the study.

In addition to collecting serum samples, vaccination
dates, gender, date of birth and educational level were
recorded using a structured questionnaire. Five physi-
cians were involved with completion of questionnaires,
and blood samples were obtained by four nurses.

All participants were voluntary and were informed
of the study’s purpose. Written informed consent
was obtained from all participants or their parents
for those aged <18 years.

Definitions and serological study design

HBV serum markers, including HBsAg, anti-HBs,
and anti-HBc were checked in two groups according
to the study’s flowchart summarized in Figure 1.
Anti-HBc and HBsAg were checked by microparticle
enzyme immunoassay (Murex; Abbott, USA), anti-
HBs was checked by Cobas e411 Elecsys analyser
(Roche, USA) using original Roche kits for anti-HBs.

Complete vaccination was defined as a subject re-
ceiving three doses of vaccine. Incomplete vaccination
was considered when the student received only one or
two doses of vaccine.

Throughout the study, we took HBsAg to be the
marker of HBV infection, anti-HBs to be the marker
of immunity, either from vaccination or infection,

and anti-HBc to be the marker of past infection.
Seronegativity was defined as being negative for all
three hepatitis B markers HBsAg, anti-HBs and
anti-HBc. Anti-HBs concentration 510 mIU/ml was
defined as protective; whereas, individuals with
anti-HBs titre <10 mIU/ml were considered as non-
seroprotected. The cut-off and upper detection limits
for anti-HBs was 2 mIU/ml and 1000 mIU/ml, re-
spectively. When calculating the geometric mean
titre (GMT) values, a concentration of 1000 mIU/ml
was used for values >1000 IU/ml.

Statistical analyses

Sample size was calculated using Epi-Info v. 6.04 (CDC,
USA). Data were entered and analysed, using SPSS soft-
ware v. 11.0 (SPSS Inc., USA). The results on seropreva-
lence and immune response to HBV vaccination are
presented with point estimates and two-sided 95% con-
fidence intervals (CIs). The outcomes for anti-HBs
are expressed as seroprotective rates and GMT. χ2 or
Fisher’s exact tests were used for analysing categorical
datawhen relevant.Student’s t testwasused foranalysing
continuous data when relevant. A descriptive analysis
was followed by univariate analysis using a χ2 test or
Fisher’s exact test to identify factors associated with the
level of long-term immunogenicity. A two-sided P value
<0·05 was considered statistically significant.

Fig. 1. Study flowchart.
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Ethical standards

This study was conducted in accordance with the eth-
ical standards of the relevant national and institution-
al committees on human experimentation and with
the Helsinki Declaration of 1975, as revised in 2008.

RESULTS

Demography

A total of 1422 apparently healthy students aged from12
to 21 years, from 12 colleges, were included in this study.
The first group consisted of 703 vaccinated students
(mean age 14·2 ± 1·1 years, male:female sex ratio 0·54).
In the second group, 719 unvaccinated students were en-
rolled (mean age 19 ± 1 years, sex ratio 0·34) (Table 1).

Effect of vaccination on pattern of HBV infection
markers

None of the students from the two groups had positive
HBsAg. The overall prevalence of anti-HBc was 0·8%.

A Significantly higher prevalence of anti-HBc was
showed inunvaccinatedstudentsthan inthosevaccinated
[1·4% vs. 0·3%, odds ratio (OR) 4·944, 95% CI 1·079–
22·643, P= 0·02]. The frequency distribution of the
HBVmarkers in the groups is given in Table 1. No asso-
ciation was found between students’ origin and HBV
markers, including anti-HBc and anti-HBs levels.

HBV vaccination history

In the vaccinated group, vaccine doses were recorded
exactly in 592 (84·2%) cases, 573 (96·8%) of which had
completed three doses of vaccine (Table 1). Incomplete
vaccination rate was significantly higher in students
from suburban areas compared to urban areas (5% vs.
1·8%, OR 2·153, 95% CI 1·185–5·651, P= 0·02).

Long-term response to HBV vaccine

Distribution of anti-HBs in vaccinated children

The overall rate of anti-HBs seroprotection in vacci-
nated subjects, based on a titre of anti-HBs 510
mIU/ml, was 68·9% (485/703). Of these, 42% (204/
485) had anti-HBs titres 5100 mIU/ml. An
anti-HBs level of <10 mIU/ml was recorded in 31%
of vaccinees (218/703) (Table 1).

Anti-HBs in different age groups

Significant difference was detected in age groups and
in protective anti-HBs rates. The seroprotection rate
and anti-HBs mean titre acquired through vaccination
decreased significantly with age. The prevalence of
protective anti-HBs titre in the 12–14 years age
group (birth year 1998–2000) was 75·1% with a
GMT of 154·5 mIU/ml. It decreased significantly to
60·8% with GMT values of 115·8 mIU/ml for the
15–17 years age group (birth year 1995–1997) (OR
2·231, 95% CI 1·410–2·694, P< 0·0001) (Table 2). In
order to assess any trends for vaccination seroprotec-
tion in the study participants, the rate of protective
anti-HBs and GMT values were assessed and stratified
according to age (Fig. 2). It became evident that
anti-HBs protective titre and GMT values decreased,
respectively, from 78% and 130 mIU/ml for birth
year 2000 (age 12 years after vaccination), to 52·4%
and 38·1 mIU/ml for birth year 1995 (age 17 years
after vaccination). In addition, the prevalence of stu-
dents with a value <10 mIU/ml increased from 22%
for birth year 2000 to 47·6% for birth year 1995.
The prevalence of students featuring a serum

Table 1. Characteristics and seroprevalence of hepatitis
B markers of the study population.

Non-vaccinated
students (n= 719)

Vaccinated
students
(n = 703)

Characteristics
Age at enrolment
(mean ± S.D.)

19·03 (±1·01) 14·25
(±1·13)

Gender
Female 535 (74·4) 454 (64·6)
Male 184 (25·6) 249 (35·4)

Origin
Urban 452 (62·9) 380 (54·1)
Suburban 122 (17) 323 (45·9)
Rural 145 (20·2) −

Vaccination history*
Complete − 573 (96·8)
Incomplete − 19 (3·2)

HBV markers
HBsAg positive 0 0
Anti-HBc(+) 10 (1·4) 2 (0·3)
Anti-HBs(+) 9 (1·2) 579 (82·4)
Anti-HBs(+), Anti-HBc(-) − 577 (82·3)
Anti-HBs(+),Anti-HBc(+) 9 (1·2) 2 (0·3)
Anti-HBs(-), Anti-HBc(-) − 124 (17·6)

Anti-HBs response
<10 IU/ml 2 (0·27) 218 (31·1)
510 IU/ml 7 (0·97) 485 (68·9)

Data given are number (%).
* Vaccine dose date was recorded exactly in 592 of
vaccinees.
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anti-HBs level >100 mIU/ml declined from 35% for
birth year 2000 to 10·4% for birth year 1995 (Fig. 3).

Comparative analysis of anti-HBs between males and
females

No significant difference was observed in the effective-
ness and protective anti-HBs levels of the HBV vac-
cine between males and females (Table 2).

Comparative analysis of anti-HBs between different
students’ area of origin

No association was found between protective anti-
HBs levels and students’ area of origin (Table 2).

Correlation with the vaccine history

The effectiveness and protective anti-HBs acquired
through vaccination were significantly associated

Table 2. Distribution of anti-HBs seroprotection rate and geometric mean titre (GMT) by age group, gender,
vaccination history and origin

Year of
vaccination

Mean
age
(years)

No.
tested

Anti-HBs response

<10 mIU/ml 510 mIU/ml GMT (mIU/ml)
n (%) n (%) mean (±S.D.)

Age groups (years)
12–14 1998–2000 13·4 399 99 (24·8) 300 (75·1)* 154·5 (255)**
15–17 1995–1997 15·3 304 119 (39·1) 185 (60·8) 115·8 (229)
Subtotal 1995–2000 14·2 703 218 (31) 485 (68·9) 137·7 (244·7)

Gender
Male 1995–2000 14·1 249 76 (30·5) 173 (69·4) 140·8 (249·8)
Female 1995–2000 14·3 454 142 (31·2) 312 (68·7) 132·7 (234·3)
Subtotal 1995–2000 14·2 703 218 (31) 485 (68·9) 137·7 (244·7)

Vaccination history
Complete 1995–2000 14·2 573 172 (30) 401 (70)*** 139·4 (246·2)****
Incomplete 1995–2000 14·1 19 10 (52·6) 9 (47·5) 52 (91·6)
Not recorded 1995–2000 14·1 111 36 (32·4) 75 (67·5) 102 (105·3)
Subtotal 1995–2000 14·2 592 218 (31) 485 (68·9) 137·7 (244·7)

Origin
Urban 1995–2000 14 380 112 (29·5) 268 (70·5) 141·9 (250·2)
Suburban 1995–2000 14·4 323 106 (32·8) 217 (67·2) 132·8 (238·2)
Subtotal 1995–2000 14·2 703 218 (31) 485 (68·9) 137·7 (244·7)

* P< 0·0001, ** P= 0·03, *** P= 0·03, **** P= 0·001 for participants with complete vs. incomplete vaccination history.

Fig. 2. Distribution of anti-HBs seroprotection rate and geometric mean titre (GMT) 12–17 years after vaccination in the
vaccine study population.
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with history of vaccination. In fact, the seroprotection
rate decreased significantly between subjects who
received complete vaccination and those who received
an incomplete course of HBV vaccine (OR 2·463, 95%
CI 1·043–5·817, P = 0·03). This was supported by a
decline in GMT values, from 139·4 mIU/ml in chil-
dren who received complete vaccination, to 52 mIU/
ml in those who received an incomplete course (P =
0·001) (Table 2).

DISCUSSION

This is the first seroepidemiological survey of HBV
markers conducted in Tunisia after implementation
of the universal vaccination programme in 1995.
Results of this study contribute to evaluation of the
impact of vaccination, providing epidemiological
data of HBV infection and seroprotection over a
lengthy vaccination programme (17 years).

The main results delineated a significant decrease of
anti-HBc antibody, as markers of HBV infection, in
students born after the implementation of the vaccin-
ation programme. In fact, comparison of results be-
tween unvaccinated and vaccinated students showed
that anti-HBc-positive rates decreased from 1·4% to
0·3%. No positivity for HBsAg was detected in either
of the groups.

In comparing our results to the seroepidemiological
survey of HBV markers conducted in Tunisia before

implementation of the universal vaccination pro-
gramme, we observed a marked decline in HBV infec-
tion, attested by HBsAg and anti-HBc prevalences. In
fact, in the 1995 survey, the mean prevalence rates of
HBsAg and anti-HBc in the population aged between
10 and 20 years were 8% and 33% in meso-endemic
areas, and 2% and 11% in hypoendemic areas, respect-
ively [9]. In the present survey, HBsAg was negative in
all subjects aged 12–21 years, and the overall anti-HBc
prevalence declined to 0·8%.

The significant decrease of anti-HBc in vaccinated
students compared to those unvaccinated, and the
marked decline in HBV markers in the entire group’s
age compared to the seroepidemiological survey con-
ducted in Tunisia before implementation of the vaccine
programme, suggest the important role of universal
vaccination in the decrease of HBV endemicity.

Previous worldwide studies have also revealed the
significant decrease in HBsAg carriers and anti-HBc
seropositivity in children and adolescents after the
mass hepatitis B vaccination programme [21–28]. In
Italy, the first Mediterranean country where mass
HBV vaccination was introduced, no HBV infection
was observed in vaccinated persons 17 years after vac-
cination [29]. In addition, a marked decline of acute
HBV infection has been seen in Italy since the intro-
duction of this mass vaccination programme [30–32].

According to the last survey conducted in Tunisia
before implementation of the universal vaccination

Fig. 3. Anti-HBs levels in students born during the period from birth years 1995–2000 (12–17 years of vaccination).
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programme, a significant decrease of HBVmarkers was
observed in all the group’s ages, even in those who were
not vaccinatedduring infancy. In fact, in the1995 survey,
themean prevalence rates ofHBsAgand anti-HBc in the
population aged between 15 and 25 years were 2% and
17% in hypoendemic areas, respectively [9]. In the pre-
sent survey, HBsAg was negative in the 17–22 years
age group (unvaccinated group), and anti-HBc declined
to 1·4%. In light of these results, we believe that the de-
crease found in unvaccinated persons is connected to
the decrease in HBV carriers in the area since introduc-
tion of universal vaccination, which therefore reduces
the risk of contagion chain for those unvaccinated by re-
ducing the spread of HBV in the area.

Absence of infection in this study could be attribu-
ted to the high vaccination rate (96·8%) of the three-
dose HB vaccine in our study population. In 2014,
the WHO strongly recommended focus on coverage
of the birth dose and the three-dose vaccination regi-
men to control HBV infection in populations with
intermediate or high HBV endemicity [7].

Other beneficial factors could contribute towards
the elimination of HBV carriage. It was shown previ-
ously that urbanization plays an important role in the
natural control of HBV [33, 34]. It is therefore possible
that improvement in socioeconomic status of most
people in Sousse may have a positive impact on the
control of HBV infection and explain the absence of
positive HBsAg in our study population.

The present study showed an overall anti-HBs sero-
protection rate of 68·9%, 17 years after the implemen-
tation of the universal vaccination programme.
Efficacy of HBV vaccination for different age groups
from several countries shows heterogeneous results.
While some studies reported that 75–90% of vaccinees
had protective titres of anti-HBs from 1 to 24 years
after primary vaccination [23, 35, 36], in others, only
7·3–40% found this response [37–39]. These different
data are reported in Table 3.

Protective anti-HBs acquired through vaccination
were significantly associated with history of vaccination.
Indeed, the seroprotection rate is significantly lower in
persons who received an incomplete course of HBV vac-
cine, suggesting the role of the second and third doses as
boosters.The immune response rateswere not associated
with gender, as noted in the majority of studies [35, 36,
40], while some authors suggest a significantly better im-
mune response for women [41–43].

Another interesting finding of the present study is the
linear decline of seroprotection rates with increasing age,
from 79·3% to 52·4%, respectively, 12 and 17 years after

primary vaccination. This remarkable decline in sero-
protection rates was further confirmed by the significant
decline in the GMT values over the past 17 years. These
results were consistent with a series of studies [36, 44–47]
reported from several countries (Table 3). A meta-
analysis of 46 studies showed that the proportion of
children vaccinated who retained anti-HBs concentra-
tions >10 mIU/ml fell from 75% at age 5 years to 20% at
age 20 years [19]. However, how long the effect of the im-
munological memory will protect vaccinated persons
from future infection remains unknown.

Previous serological studies have shown that a third
to half of vaccinees may have low (<10 mIU/ml) or
undetectable levels of anti-HBs by ages 10–15 years
[36, 13]. In the present study, 31% had lost protective
levels of antibody 12–17 years after primary vaccin-
ation. Several studies reported that individuals with
waning (<10 mIU/ml) or absent concentrations of
anti-HBs, long after primary vaccination, can mount
a rapid and vigorous anti-HBs anamnestic response
to a challenge dose of hepatitis B vaccine [28, 39,
45, 46, 48–50] (Table 3). These observations indicate
that neonate immunization offers a lasting protection
without theneed forabooster dose, evenwhenprotective
antibody was undetectable. Nevertheless, some studies
have revealed the absence of an anamnestic response in
about 20–30% of persons 20 years after primary vaccin-
ation [22, 51].Moreover, cases of chronicHBV infection
were reported after vaccine-induced protecting anti-
bodies had disappeared [52]. However, in their latest
guidelines, the WHO and the European Consensus
Group on Hepatitis B Immunity do not recommend a
booster dose to sustain long-term immunity in immuno-
competent persons after primary immunization [7, 53].
In present study, a significant decline of anti-HBs
seroprotection has been observed in515-year-old ado-
lescents with puberty-associated risky behaviours, sug-
gesting the need of additional follow-up and testing of
the anamnestic response to establish whether a primary
course of vaccination in infancymay confer lifelong pro-
tection or whether boosters may be needed at this age.

On the other hand, Jack et al. suggested that
anti-HBs concentration of 10 mIU/ml measured 1–3
months after administration of the last dose of the
primary vaccination course is considered a reliable
marker of longer protection against infection [54].
Subsequently, they recommended determination of
anti-HBs levels in children after primary vaccination
to provide long-term immunity against HBV infection.

The variability of results about seroprotective rates,
long-term persistence of anti-HBs and the anamnestic
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Table 3. Studies in different regions with different endemicity showing seroprotection after infant vaccination programme, the breakthrough infections (HBsAg,
anti-HBc) and anamnestic response to a booster dose

Duration of
follow-up,
years No. of subjects Country

No. of doses
and schedule
(months)

Seroprotection*
(%) HBsAg(+) Anti-HBc(+) Anamnestic response†

Ref., year of
publication

10 606 vaccinated Germany 3 doses: 78% NT NT 97·2%. After 1 booster
dose at 10 years if
anti-Hbs <10 mIU/ml

[45], 2012
0, 1, 6

10 1212 vaccinated Italy 3 doses: 64% 0 1% 97%. After 1 booster dose
at 10 years if anti-Hbs
<10 mIU/ml

[28], 2005
3, 5, 11

10 663 vaccinated Canada 3 doses: 86·4% NT NT 100%. After 1 booster
dose at 10 years if
anti-Hbs <10 mIU/ml

[46], 2013
birth, 1, 6

10 146 vaccinated Iran 3 doses: 47·9% 0 7·5% 95%. After1 booster dose
at 10 years if anti-Hbs
<50 mIU/ml

[48], 2006
birth, 2, 6

6–11 242 vaccinated Egypt 3 doses: 39·3% NT NT NT [44], 2009
3, 4, 6

15 663 vaccinated Canada 3 doses: 76·7% NT NT 100%. After 1 booster
dose at 15 years if
anti-Hbs <10 mIU/ml

[46], 2013
birth, 1, 6

15 105 vaccinated USA (Micronesia) 3 doses: 7·3% 0 7·6% [37], 2008
birth, 2, 6

17 1704 vaccinated Italy 3 doses: 84·2% 0 0 NT [35], 2015
3, 5, 11

16–18 1355 vaccinated Saudi Arabia 3 doses: 38% 0 0 NT [38], 2008
birth, 1, 5

15–17 5981 vaccinated Taiwan 4 doses: 37% 1·6 4·1 69·7%. After 1 booster
dose anti-Hbs <10 mIU/
ml

[45], 2008
birth, 1, 2, 12

18 840 vaccinated Iran 3 doses: 48·9% NT NT NT [36], 2014
birth, 2, 6

20 1204
non-vaccinated

Taiwan 4 doses:
birth, 1, 2, 12

74% 7·4% non-vaccinated
2·2% vaccinated

23·5% non-vaccinated
6·7% vaccinated

NT [23], 2007

6388 vaccinated
20 300 vaccinated Iran 3 doses: 37% 0 0 97%. After 1 booster dose

at 20 years if anti-Hbs
<10 mIU/ml

[49], 2014
birth, 2, 6
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response may be attributed to differences in genetic
and environmental factors, type and dose of the vac-
cine (plasma-derived or recombinant), age of initial
vaccination, schedule of immunization, body mass
index and time intervals between vaccine administra-
tions, but they may also be caused by methodological
and statistical variations [22, 36, 19].

In conclusion, universal hepatitis B vaccination in
Tunisia has resulted in progress towards the preven-
tion and control of hepatitis B infection. Seventeen
years after the implementation of universal vaccin-
ation, inhabitants of our region aged <21 years are
protected against HBV infection. These findings
should be demonstrated in other more endemic
Tunisian regions. The HBV vaccination programme
not only reduced the perinatal and horizontal trans-
mission of HBV in vaccinated persons but also
reduced horizontal transmission of HBV to unvaccin-
ated persons born up to 5 years before the start of the
programme. By decreasing the carrier pool, continu-
ation of HBV immunization should prevent HBV infec-
tion in the children of Tunisia, and, subsequently, adults
aswell.Ourdataprovide evidence that a strong immuno-
logical memory persists for >15 years after immun-
ization of healthy adolescents with a primary course of
hepatitis B vaccination. However, a significant decline
of anti-HBs seroprotection has been observed in
515-year-old adolescents with puberty-associated
risky behaviours. Therefore, additional follow-up iswar-
ranted to establish whether a primary course of vaccin-
ation in infancy may confer lifelong protection or
whether boosters may be needed at this age.
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