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market. Concerns had been raised about the low immunogenicity of the hepatitis B virus component of
the vaccine, assessed by measurement of serum antibody levels, and its potential consequences on long-
term protection against hepatitis B infection. We evaluated memory T cell response to establish whether
there are differences in the protective mechanisms among children who had received either Hexavac® or
Infanrix-hexa® (GlaxoSmithKline) as their primary vaccination. Immunological memory was determined
by measuring the ability of T cells to proliferate and secrete IFNy by ELISA and intracellular cytokines
(IFN+y and IL-2) when cultured with hepatitis B surface antigen (HBsAg). The different memory subsets
of T cells were also measured.

The results indicate that, although they generate different serum antibody levels, both vaccines are
efficientin generating T recall responses in vitro five years after the primary vaccination. The less immuno-
genic Hexavac® vaccine induces a strong T antigen response, as indicated by increased blast proliferation
and the enhanced presence of memory subsets after HBsAg recall stimulation. These findings suggest
that cellular immune response should be considered alongside serological markers as a surrogate of
protection.
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1. Introduction

Viral hepatitis type B (HBV) is a major public health issue,
accounting for high morbidity and mortality rates worldwide. Fol-
lowing acute infection with the HBV, between 1 and 10% of infected
adults and 30-90% of infected children become chronic carriers and
may develop life-threatening diseases such as cirrhosis and primary
hepatocellular carcinoma [1]. Whether the virus can be cleared or

Abbreviations: Ab, antibody; CM, central memory; EM, effector memory; HB,
hepatitis B; HBV, hepatitis B virus; HBsAg, hepatitis B surface antigen; FSC, forward
scatter; ICS, intracellular staining; PBMC, peripheral blood mononuclear cells; SEM,
standard error of the mean; SSC, side scatter; TD, terminally differentiated.
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persists seems to depend largely on the vigour and specificity of
the T cell response to the virus [2,3].

Safe vaccines have been available since the early 1980s, prov-
ing effective in the prevention and control of hepatitis B (HB)
and its long-term sequelae [4,5]. In 2001, two hexavalent vac-
cines Hexavac® (Hexavac) (Sanofi Pasteur MSD) and Infanrix-hexa®
(Infanrix) (GlaxoSmithKline) against HB, tetanus, diphtheria, per-
tussis, poliomyelitis and Haemophilus influenzae type b were
introduced in Italy. The hepatitis component consists in hepatitis B
surface antigen (HBsAg) produced in yeast cells of Saccharomyces
cervisiae by recombinant DNA technologies and adsorbed in Alu-
minium hydroxide. The protein content was 5 or 10 ug dose in
Hexavac or Infanrix vaccines, respectively. In 2005, in accordance
with recommendations made by the European Medicines Agency,
the Italian Drug Agency ordered the withdrawal of Hexavac due to
concerns that the low antibody (Ab) titres elicited by the vaccine in
children might not provide adequate protection against HBV dur-
ing adolescence and later in life, when vaccinated subjects are at
greater risk of exposure to the virus [6,7]. Because Hexavac had
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been used in Italy to immunize approximately 50% of infants born
in 2002-2004, a multicentre study was undertaken to investigate
the serological response to a booster dose of HB vaccine 5 years
after primary immunization [8].

Emerging evidence in a number of systems suggests that
comprehensive qualitative assessment of immunologic memory
may allow more accurate identification of protective mechanisms
[9,10]. Further studies of a subgroup of children in the multicentre
study [8] were therefore undertaken, to evaluate the immunolog-
ical memory of T cells. Besides assessing Ag-specific proliferation
and cytokine production, analyzing T memory subsets is an inno-
vative approach to evaluating the role of T cell immunity induced
by vaccination/infection [11]. Different subsets of T memory cells
can be classified on the basis of their phenotype. Human central
memory cells (CM) are CD45RO positive cells that constitutively
express CCR7 and CD62L. These two receptors, which are required
for cell extravasation through high endothelial venules and for
migration to lymphoid organs, are also characteristic of naive T
cells (CD45RA). T effector cells either become senescent termi-
nally differentiated T cells (TD), dying by apoptosis soon after the
pathogenis cleared, or differentiate into effector memory (EM) cells
expressing low levels of CD62L and not expressing CCR7. Further-
more, CM are strongly proliferative, but have few effector functions,
whereas EM produce effector cytokines, but have limited prolife-
rative capacities [9-14].

To better define the protection mechanisms and identify
potential problems with the Hexavac vaccine, we evaluated the
persistence of T cell immunity five years after primary vaccination
by assessing the HBsAg specific response measured as blast prolif-
eration and IFNvy secretion in culture supernatants. The quality of
HBsAg specific T cell response was also characterized by the analy-
sis of the frequency of CD4/CD8 cells secreting IFNy/IL-2, memory
subsets and memory subsets secreting IFNvy/IL-2. Increased pro-
liferation and the overall enhanced presence of memory subsets
following HBsAg recall stimulation indicate that Hexavac induces
a consistent T antigen response.

2. Materials and methods
2.1. Study population

One hundred children belonging to cohorts of children receiving
one of the two hexavalent vaccines - Hexavac (n=66) and Infan-
rix (n=34) - as their primary vaccination between 2002 and 2003,
administered at 3, 5 and 11 months of age [8], were enrolled for
assessment of T cell immune response (Table 1). All of the children
had a properly completed vaccination schedule. A blood sample
was collected from each of the participants upon enrolment in
the study and HBsAg specific responses assessed. Discrepancies
in the number of children enrolled and the data reported in the
different assays are explained in Table 1. The anti HB data, mea-
sured in the companion study on B memory response [15], are
also shown in Table 1. Ethics approval was obtained from the

ethics committee of the IRCCS Bambino Gesti, Rome, Italy, and writ-
ten informed consent furnished by the children’s parents or legal
guardians.

2.2. HBsAg specific immune response by blast proliferation, IFNy
secretion, intracellular cytokine production and memory subset
phenotypic analysis

Peripheral blood mononuclear cells (PBMC) were isolated as
described [16]. Cells were seeded into 5ml Falcon polystyrene
tubes at a concentration of 5 x 10° cells/500 .l in RPMI 1640 sup-
plemented with antibiotics (100 U/ml of penicillin, 0.1 pg/ml of
streptomycin), 0.1 mM non-essential amino acids, 1mM sodium
pyruvate, 2 mM L-glutamine and 25 mM HEPES, all from Euroclone
(Milan, Italy), 0.05 mM 2-mercaptoethanol (Sigma Chemical Co., St.
Louis, MO, US) and supplemented with 10% LPS-screened Foetal
Bovine Serum (Hyclone Laboratories, South Logan, UT) (complete
medium) [16]. PBMC were cultured at 37°C in a 5% CO, incubator
in the presence of HBsAg (10 pg/ml, subtype AD batch PHBD1/03,
1 mg/ml, Dia.Pro Diagnostic BioProbes Srl., Milan, Italy) or the
appropriate negative (medium) or positive Staphylococcus Entero-
toxin B (0.5 pg/ml) (Sigma) controls. After 6 days of culture, T cell
proliferation was measured by enumerating blast cells identified by
forward scatter (FSC) and side scatter (SSC), using flow-cytometry
analysis as described in the paper by Carollo et al., where a pre-
cise comparison of the blast proliferation with the 3H-thimidyme
incorporation was performed and a good correlation of results with
the two methods was obtained [17]. The gating strategy is shown
in Fig. 1.

Supernatants were collected after 6 days to measure IFNvy by
specific ELISA (Quantikine, R&D Systems, Minneapolis, MN). The
lower detection limit was 8.0 pg/ml. Optical density was mea-
sured using a 3550-UV Microplate Reader (BioRad, Philadelphia,
PA) according to the manufacturer’s instructions.

For intracellular cytokine and memory subset analysis, PBMC
were seeded as described previously and cultured at 37°C in
a 5% CO, incubator for either 1 or 6 days. Co-stimulatory
molecules [anti-CD28 and anti-CD49d (1 wg/ml; BD Biosciences)]
were added to the 1-day cultures [18,19]. In preliminary exper-
iments, we found that at day 6 of cultures the addition of
co-stimuli was not needed because it did not ameliorate the
antigen specific response (data not shown and [20]). Brefeldin
A (5pg/ml, Sigma) was added during the last 4h of culture.
Cells were washed in PBS, fixed in 1 ml 2% paraformaldehyde for
15 min and washed in staining buffer (PBS/Bovine Serum Albumin
0.5%/Sodium Azide 0.02%).

Cells were simultaneously stained for extracellular markers
(CD4, CD8, CD45RA, CCR7) and intracellular cytokines (IFNvy and
IL-2), using mouse anti-human CD4-PerCP-Cy5.5, CD8-APC-Cy™7,
CD45RA-PE-Cy7, IFNvy Alexa Fluor® 647, IL-2-FITC, and rat-anti-
human CCR7-PE (clone CD197). Appropriate isotype matched
controls were run in parallel. All monoclonal Abs were purchased
from Becton Dickinson (Mountain View, CA) and appropriately

Table 1
Study population: base-line characteristic of the cohort.

Vaccine used Number of HBsAg HBsAg blasts  IFN<y/IL-2 ICS and IFN+y/IL-2 ICS and Anti-HB IgG Anti-HB IgG SEBP
children IFN~y ELISA memory subset memory subset (mIU/ml) Positive IFN~y ELISA
enrolled 1 day 6 day Mean + SEM donors? Mean + SEM

Hexavac 66 66 62°¢ 34 62°¢ 66 28/66 66

22.7+6.4 (42%) 10,063 +£701

Infanrix 34 34 34 34 34 34 26/34 34

136.7+37.5 (76%) 10,333 +£697

3 Percentage of children with anti-HBs IgG > 10 (mIU/ml) [8,15].

b Staphylococcus Enterotoxin B was used as positive control. Values from stimulated cultures minus values of unstimulated cultures are shown.

¢ 4 samples not assessed due to staining troubles.
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Fig. 1. Multi-parametric analysis: gating strategy of a representative PBMC sample cultured in 5% CO, incubator for 6 days. Total lymphocytes were electronically gated using
FSC and SSC morphological parameters to exclude cellular debris and granular cells (panel A). Cells aggregates were excluded and singlets gated in a FCS-H/FSC-A dot plot
(panel B). Lymphocytes represented by Resting (non proliferating lymphocytes) and Blasts (proliferating lymphocytes) were gated by using the morphological parameter of
FSC/SSC (panel C). In the lymphocytes regions, CD4 were plotted against CD8 (panel D), and in both subsets IFNvy and IL-2 cytokines were stained (panel E and F, respectively).
Memory subsets were gated in both CD4 (panel G) and CD8 (panel H) as naive (CD45RA+ CCR7+), central memory (CM, CD45RA— CCR7+), effector memory (EM, CD45RA—
CCR7-) and terminally differentiated (TD, CD45RA+ CCR7—-). IFN+y and IL-2 were measured in each single memory subsets as for CD4/CD8 subsets (I-R).

diluted in staining buffer plus 0.5% saponin. All samples were
incubated for 30min in the dark at room temperature and
washed in staining buffer. Cell acquisition was performed using
FACSCanto flow cytometer (Becton Dickinson), following the gat-
ing strategy, shown in Fig. 1. For each analysis, 50,000 events
were acquired in the CD4 cell gate. Samples were first run
using single fluorochrome-stained preparations for colour com-
pensation. The cytometric analysis was performed using DIVA
software (Becton Dickinson) and data are shown as % of positive
cells.

2.3. Statistical analysis
All data were recorded on a computerized database. Results

were reported as mean =+ standard error of the mean (SEM). Statis-
tical analysis was performed using the SPSS 17.0 (SPSS Inc., Chicago,

IL, US). To compare overall differences in the results of the different
assays between groups of children receiving Hexavac or Infanrix as
their primary vaccination, the t Student unpaired-sample test was
performed. To compare overall differences in the different assays
within groups, the Wilcoxon paired-samples test was performed.
p values less than 0.05 were considered statistically significant and
all reported p values were two sided.

3. Results

3.1. HBsAg specific T cell responses in PBMC of Hexavac or
Infanrix vaccine recipients

Fig. 1 shows the HBsAg specific T cell responses in two cohorts
of children who received a primary vaccination with either Hex-
avac or Infanrix. The proliferation data showed that HBsAg specific
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Fig. 2. Blast proliferation (A) and IFNvy secretion (B) in HBsAg-stimulated PBMC cultures from Hexavac and Infanrix vaccine recipients. PBMC unstimulated or stimulated with
HBsAg (10 pg/ml) were cultured in 5% CO, incubator for 6 days. (A) Cells were harvested and analyzed by FACS using DIVA software; (B) supernatants were collected and IFNy
(pg/ml) measured by ELISA. Values from stimulated cultures were subtracted of values from unstimulated cultures and expressed as means + SEMs. The values of unstimulated
cultures in Hexavac and Infanrix vaccine recipients were below 10% positive cells and 57 pg/ml (p <0.0001 HBsAg vs none) for blast and IFNy ELISA, respectively. Number
(n) of children tested is shown. Statistical significant differences are shown in the panels. The t Student unpaired-sample was performed to compare overall differences of

results between the two groups of children. All statistical analysis is two sided.

blast proliferation was significantly higher in the children vacci-
nated with Hexavac than in those who received Infanrix (Fig. 2A).
IFNvy secretion supported these results, although the differences
between the two groups of vaccines were not statistically signif-
icant (p=0.239) (Fig. 2B). The PBMC of the two group of children
behave similarly when the positive control SEB was used (Table 1).

Serological analysis of the same cohorts had already been per-
formed in a previous companion study on the persistence of B
memory response in the same children [15]. As reported in Table 1,
anti-HBsAg concentrations were over the recommended cut-of to
indicate protection (10 mIU/ml) [8] in 76% of the Infanrix recipi-
ents but in only 42% of the Hexavac recipients, thus confirming a
previous report in a larger cohort that Infanrix is more efficient in
maintaining Ab levels [8]. As shown in Table 2, when blast prolif-
eration and IFNvy secretion were analyzed in low (<10 mIU/ml) or
high (>10 mIU/ml) anti-HBsAg IgG responders, no correlation was
found between Ab response and T cell response in the two vacci-
nal arms. Furthermore HBsAg induced blast proliferation and [FNvy
production are not different in children vaccinated with Hexavac,
with low or high humoral responsiveness, as compared to children
vaccinated with Infanrix with low or high humoral responsiveness
(Table 2).

Measuring the frequency of CD4/CD8 cells secreting IFNvy/IL-2
allowed more precise identification of the HBsAg specific T cell pro-
ducing the cytokines. Fig. 3 shows the results of IFNy and IL-2,
measured by intracellular staining (ICS), performed in PBMC cul-
tures obtained from Hexavac or Infanrix recipients. The antigen
specific production of both cytokines was statistically higher when
measured at day 6 than at day 1 of culture in CD4 and CD8 sub-
sets and in both vaccinal arms. The percentage of poly-functional

IFN+v/IL-2 double positive cells was very low in both the CD4 and
the CD8 cells, and never reached 0.01% of positive cells (data not
shown).

Both the CD4 and the CD8 subsets produced HBsAg specific
cytokines, with CD8 cells generally producing higher cytokine
levels than the CD4 subset. After one day of culture, statistical sig-
nificance was reached in the percentage of IFN+y in CD8 cells vs CD4
cells (p=0.007) from Hexavac recipients, and after six days of cul-
ture in the percentage of IL-2 in CD8 cells vs CD4 cells (p=0.035)
from Infanrix recipients. These data suggest that beside CD4 subsets
[21] also CDS8 cells take part to the HBsAg response.

No significant differences in cytokine production were observed
between the two vaccinal arms in either the CD4 or the CD8 subsets.

3.2. Tmemory subsets in HBsAg stimulated PBMC of Infanrix or
Hexavac vaccine recipients

T cell memory subsets were studied by measuring the expres-
sion of the following marker combinations in CD4 and CD8T cells
subsets: CCR7+CD45RA+ for naive; CCR7+ CD45RA— for CM; CCR7—
CD45RA- for EM; and CCR7— CD45RA+ for TD cells.

Fig. 4 shows the frequencies of memory subsets tested in CD4
and CD8 cells in HBsAg-stimulated PBMC cultures in the two groups
of vaccinated children, measured after 1 or 6 days of culture. In the
CD4 cell population, we found lower frequencies of naive cells in
Hexavac recipients than in Infanrix recipients, both at day 1 and
at day 6. Frequencies of the CM subset at day 6 and of the EM and
TD subsets at day 1 were significantly higher in Hexavac than in
Infanrix recipients.

Table 2
Blast proliferation and IFNvy secretion analyzed in low (<10 mIU/ml) or high (>10 mIU/ml) anti-HBsAg IgG responders.
Vaccines % Blasts IFNvy (pg/ml)
<10mIU/ml >10mIU/ml <10 mIU/ml >10mIU/ml
Mean + SEM Mean + SEM
Hexavac 12.75+£2.2 9.7+2.1 472.1 £100.6 629.0+171.6
No. children/over the total 35/62 27/62 38/66 28/66
t Student unpaired-sample (p);Pearson coefficient (1) p=0.3190 r=0.04495 p=0.4073 r=-0.2060
Infanrix 3.85+1.0 54+1.4 280.9+79.3 398.2+103.6
No. children/over the total 8/34 26/34 8/34 26/34
t Student unpaired-sample (p);Pearson coefficient (1) p=0.5688 r=-0.6421 p=0.5485 r=-0.05537
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Fig. 3. HBsAg specific production of IFNvy or IL-2 measured in CD4 and CD8 cells in PBMC from Hexavac and Infanrix vaccine recipients. PBMC unstimulated or stimulated
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were subtracted of values from unstimulated cultures and expressed as means + SEMs. Number (n) of children tested is shown. Statistical significant differences are shown
in the panels. The t Student unpaired-sample was performed to compare the differences in results between the two groups of children receiving Hexavac or Infanrix. The
Wilcoxon paired-samples test was performed to compare differences in the % of 1 vs 6 days and CD4 vs CD8 producing cytokines within each vaccinal arm. All statistical
analysis is two sided.

Corresponding results were seen in the CD8 subsets, where the
frequencies of naive cells at day 1 of culture and of CM at days 1 and
6 were significantly lower in Hexavac than in Infanrix recipients.

Fig. 5 shows HBsAg-induced cytokine production by the mem-
ory subsets after 6 days of culture as measured by ICS. A few
significant differences were found in cytokine production between
the two vaccinal arms, namely more IFNvy producing cells in CD4 TD
and fewer IFNvy producing cells in CD8 naive cells in Hexavac thanin
Infanrix recipients. In the CM subsets alone, CD8 cells proved more
efficient at producing cytokines than CD4 cells, independently of
the vaccine used.

Although the percentage of cells producing cytokines is quite
limited and the data should be interpreted with caution, taken
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together, these results indicate that the expansion of memory sub-
sets and CD4 TD producing IFNvy is higher in Hexavac than in
Infanrix recipients. This corresponds to the enhanced proliferative
response observed in PBMC obtained from Hexavac recipients.

4. Discussion

Our data indicate that two vaccines generating different serum
Ab levels can both induce T antigen specific responses in vitro, five
years after primary vaccination.

The less immunogenic Hexavac vaccine, measured by HB
serological response, induces a stronger T antigen response
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Fig.4. Frequency of CD4 and CD8 memory subsets in HBsAg PBMC from Hexavac and Infanrix vaccine recipients. The frequency of memory subsets defined as CCR7+ CD45RA+
for naive, CCR7+ CD45RA— for central memory (CM), CCR7— CD45RA— for effector memory (EM), and CCR7— CD45RA+ for terminally differentiated (TD) cells in CD4 and CD8
stimulated with HBsAg (10 pg/ml) are shown. Means = SEMs and number (n) of children tested in each vaccine arm are shown. Statistical significant differences are shown
in the panels. The t Student unpaired-sample was performed to compare the differences of results between the two groups of children receiving Hexavac or Infanrix as their
primary vaccination. The Wilcoxon paired-samples test was performed to compare differences in the % 1 vs 6 days and CD4 vs CD8 of memory subsets within each vaccinal
arm. All statistical analysis is two sided.
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than the Infanrix vaccine, as evidenced by an increased blast
proliferation and the overall enhanced presence of mem-
ory subsets in HBsAg stimulated cultures. HBsAg induced T
cell responses are not different in children vaccinated with
Hexavac or Infanrix vaccines with low or high humoral
responsiveness.

These results correlate well with those from a previous study
revealing the maintenance of switched memory B cells in the same
cohort of Hexavac vaccine recipients [15]. They are also in agree-
ment with evidence from study of a larger cohort showing that
Hexavac and Infanrix recipients are equally capable of mounting
an efficient serological HB specific Ab response after in vivo recall
stimulation, elicited by the administration of a booster dose of anti-
hepatitis vaccine [8].

CDAT helper cells are an essential component of immunological
response. They control secondary immune reactions and provide
critical signals to B cells [22,23] and CD8 cytotoxic T cells [24], reac-
ting to the same antigen. We compared the persistence of memory
response 5 years after the primary hepatitis vaccination by eval-
uating the HBsAg recall response in all T cells and in the CD4 and
CD8 subsets. As a first step, we analyzed the ability of HBsAg to
expand T cells in both vaccine groups, finding that HBsAg induced
a significantly higher percentage of blast proliferation in Hexavac
recipients than in Infanrix recipients. The secretion of IFNy par-
alleled the results of proliferation, although the differences never
reached statistical significance (Fig. 2). HBsAg-induced cytokine
production was greater in CD8 than in CD4 cells in both vaccinal
arms, although the differences were not always statistically sig-
nificant. This is in agreement with the dominant role of CD8 in
HbsAg-induced response [25]. It has been shown that peripheral
blood-derived dendritic cells actively take up soluble HBsAg and,
via a MHC class I cross-presentation pathway, elicit CD8 responses
[26].

Virus-specific CD8T cells did not develop in CD4-deficient ani-
mals, consistent with a model where CDA4T cells serve as master
regulators of the adaptive immune response to HBV. In turn, CDST
cells were the key cellular effectors mediating HBV clearance from
the liver, apparently by a Fas-dependent, perforin-independent
process [27].

After HBsAg stimulation, we found a significantly lower fre-
quency of naive cells both at days 1 and 6, paralleled by a higher
increase in CM frequencies at day 6 of cultures in Hexavac than in
Infanrix recipients; the frequency of EM and TD found at day 1 in
CD4 cells also tended to be higher in Hexavac than in Infanrix recip-
ients (Fig. 4). In line with these results, we also found significantly
higher CD4 TD cells producing IFNy in Hexavac than in Infanrix
recipients (Fig. 5). What is not understood is why we did not find a
greater expansion of EM and TD cells after antigenic stimulation as
other authors did, albeit in different experimental settings [28-31].
In our experimental setting, the analysis of memory subsets was
performed in all T cells and not only in activated/proliferating ones.
An activation marker such as CD69, identified as the earliest activa-
tion marker on antigen specific activated lymphocytes [32], could
allow more precise definition of the responsive cells.

Taken together, these results suggest that immunological mem-
ory of Hexavac recipients is more active in expanding memory
subsets when T cells are specifically stimulated with HBsAg. The
most apparent difference between Hexavac and Infanrix is the
amount of HBsAg in a vaccine dose, but both vaccines had complex
hexavalent formulation. Further studies are necessary to identify
the key element/s that modulate the differences in T cells responses
between the two vaccines.

This is the first study analyzing the memory pool subsets specific
for HBsAg. Our results indicate that CD4 and CD8 CM cell levels are
higher in Hexavac than in Infanrix recipients, which may reflect
the ability of T cells to readily proliferate in response to antigenic
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stimulation. This interpretation is in keeping with the enhanced
ability of HBsAg activated PBMC to proliferate and secrete IFNvy in
the cultures found in these vaccinated children.

This study on the analysis of T memory pool, along with its com-
panion on the analysis of the B memory pool performed in the same
cohort of children [15], demonstrates that the T and B cell compo-
nents of immune response are not highly correlated with the level
of serum Ab.

There is no evidence at this time indicating that absent or low
serum conversion after vaccination (as with subjects who did not
become serum positive after HBV vaccination) coincides with vac-
cine failures or outbreaks of hepatitis [5,7,33,34]. Thus, it could be
assumed that the cell-based immunity induced by vaccination is
adequate protection from HBV infection. Nonetheless, the specific
contribution of the T cell compartment in Hexavac low Ab respon-
ders warrants further study. Indeed, few studies have hypothesized
an increased frequency of regulatory T cells involved in the low
rate of HBV seroconversion [35,36]. We did not evaluate regula-
tory T cells in our cohort, and this could be the subject for further
study.

Here we demonstrate that immunological memory persists five
years after primary vaccination in children with anti-HBsAg con-
centrations lower than 10 mIU/ml, suggesting that booster doses
are not required. However, follow-up studies should be conducted
to determine whether this protection is long-term and maintained
in adolescence and adulthood.

Our data suggest that cellular parameters should be consid-
ered along with serological indicators as surrogate markers of
protection. Demonstration of the persistence of memory response
in the individual vaccine remains a challenge, especially when
the anti-HB Abs have disappeared, apart from the possibility to
revaccinate and look for an anamnestic response [37]. The assess-
ment of T cell recall responses could be a useful adjunct in
demonstrating the persistence of a memory response. This would
provide valuable input to health authorities, such us the European
Medicines Agency, as they evaluate new vaccination strategies
and make critical decisions with potential implications for health
systems and economies at both the national and supranational
levels.
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