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Abstract
Background & Aims—Infection with hepatitis B virus (HBV) can be prevented by vaccination
with HBV surface (HBs) antigen, which induces HBs-specific antibodies and T cells. However,
the duration of vaccine-induced protective immunity is poorly defined for healthcare workers who
were vaccinated as adults.

Methods—We investigated the immune mechanisms (antibody and T cell responses) of long-
term protection by the HBV vaccine in 90 healthcare workers with occupational exposure to HBV,
10–28 y after vaccination.

Results—Fifty-nine of 90 health-care workers (65%) had levels of antibodies against HBs (anti-
HBs) above the cut-off (>12 mIU/ml) and 30/90 (33%) had HBs-specific T cells that produced
interferon (IFN)γ. Anti-HBs titers correlated with numbers of HBs-specific IFNγ-producing T
cells, but not with time after vaccination. Whereas occupational exposure to HBV after
vaccination did not induce antibodies to the HBV core protein (HBcore), the standard biomarker
for HBV infection, CD4+ and CD8+ T cells against HBcore and polymerase antigens were
detected. Similar numbers of HBcore- and polymerase-specific CD4+ and CD8+ T cells were
detected in health-care workers with occupational exposure to HBV and in patients who acquired
immunity via HBV infection. Most of the HBcore- and polymerase-specific T cells were
CD45RO+CCR7−CD127− effector memory cells in exposed health-care workers and in patients
with acquired immunity. In contrast, most of the vaccine-induced HBs-specific T cell cells were
CD45RO−CCR7−CD127− and terminally differentiated.

Conclusions—HBsAg vaccine-induced immunity protects against future infection but does not
provide sterilizing immunity, as evidenced by HBcore- and polymerase-specific CD8+ T cells in
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vaccinated health care workers with occupational exposure to HBV. The presence of HBcore- and
HBV polymerase-specific T-cell responses is a more sensitive indicator of HBV exposure than
detection of HBcore-specific antibodies.
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Introduction
Chronic Hepatitis B virus (HBV) infection is a serious health problem with more than 360
million people infected worldwide and about 1 million deaths per year due to HBV-related
liver disease1. Infection with HBV can be prevented by vaccination with HBV surface
antigen (HBsAg), which induces HBs-specific antibodies and T cells2–4. A complete 3-dose
course of the vaccine induces anti-HBs antibodies in >95% of healthy infants and in >90%
of healthy adults, which are considered protective upon HBV exposure5, 6.

Anti-HBs titers rapidly decline within the first year after vaccination and more slowly
thereafter7. In representative studies conducted 10 to 15 years after primary vaccination, 11–
63% of vaccinees displayed anti-HBs titers below the cut-off8–10. Breakthrough infections,
diagnosed by appearance of antibodies against HBcore antigen (anti-HBc) were infrequent
and typically clinically asymptomatic. Furthermore, booster vaccination of those subjects
who had lost anti-HBs responses induced recall responses within 2–4 weeks11. Most of these
studies focused on vaccinated infants11, 12 in areas where HBV infection is endemic8, 10. In
those studies, HBV exposure resulted in natural boosts of the vaccine-induced humoral
immune response with 8.2% of the vaccinees experiencing fourfold increases in anti-HBs
levels between yearly tests13. Furthermore, children who were born to HBsAg and HBeAg-
positive mothers and vaccinated after birth were much more likely to exhibit anti-HBc by
their teenage years if they live in endemic areas10.

In contrast, much less is known about the longevity of HBsAg-specific immune responses in
persons who have been vaccinated as adults and who reside in non-endemic countries. In
this population anti-HBs titers may wane faster due to absence of natural antigen required to
maintain immune memory. Whether and when booster vaccinations are recommended for
persons who were vaccinated as adults is controversial. Health-care workers are of particular
interest in this context because they were among the first to be required to receive the
hepatitis B vaccine and thus have the longest follow-up after HBs vaccination. Here, we
assessed the immunological mechanisms of long term protection in health-care workers who
were vaccinated during adulthood and experienced differential levels of occupational re-
exposure to HBV. In addition, we compared their immune responses to those of individuals
who acquired natural immunity by recovering from acute HBV infection.

Materials and Methods
Study cohort

Ninety health-care workers were studied for humoral and cellular immune responses 10–28
years after a documented complete course of HBsAg vaccination. Seventy-one health-care
workers had received recombinant HBs vaccine (Engerix B or Recombivax), and 14 health-
care workers had received a plasma-derived HBs vaccine (Heptavax). For 5 health-care
workers the vaccine type was unknown. This immunological analysis was part of a larger
recall study of HBsAg vaccinees conducted in the Liver Diseases Branch (ClinicalTrials.gov
identifier: NCT01182311). Twenty-five non-vaccinated patients who had recovered from
acute hepatitis B more than 10 years ago, and 10 subjects who had never received the
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HBsAg vaccine and had never been HBV infected were studied for comparison. All subjects
gave written informed consent for research testing under a protocol approved by the NIDDK
Institutional Review Board.

A risk assessment questionnaire was used to determine occupational exposure to HBV. One
point was given if a subject was regularly working with HBV-infected patients. Additional
points were given for each incident of exposure to HBV-infected blood. Based on the total
number of points each vaccinee was assigned an exposure score of 0, 1 or ≥2 (Table 1).

Isolation of peripheral blood mononuclear cells (PBMC)
PBMC were separated from heparin-anticoagulated blood by Ficoll-Histopaque (Mediatech,
Manassas, VA) density gradient centrifugation, washed three times with phosphate buffered
saline (PBS; Mediatech) as described14, and cryopreserved in liquid nitrogen until use.

Synthetic peptides
Two hundred eighty-two 15-mer peptides were synthesized according to the HBV Galibert
sequence15 (Genbank accession number V01460) with a 10 amino acid overlap (Mimotopes,
Clayton, Australia) and resuspended in PBS containing 5% DMSO to generate one
HBVcore (HBc) pool (41 peptides), two HBs pools (38 peptides each) and four
HBVpolymerase (HBVpol) pools (three HBVpol pools consisting of 41 peptides each and
one HBVpol pool consisting of 42 peptides). The T cell response to each of these HBV
peptide pools was compared to the response to a pool of forty-one overlapping 15-mer
peptides of the HDV large antigen (Mimotopes), which was used as a negative control.

Antibody Assays
Antibodies against HBs and HBcore were quantitated in sera using the VITROS
Immunodiagnostics anti-HBs Quantitative Reagent Pack and the VITROS anti-HBc assay
on the VITROS ECi Immunodiagnostic System (Ortho-Clinical Diagnostics, Raritan, NJ).

IFN-γ enzyme-linked immunospot (ELISpot) Assay
Cryopreserved PBMCs were thawed, resuspended in RPMI 1640 containing 5% FCS and 2
mmol/L L-glutamine (Mediatech), and stimulated in quadruplicates of 3 × 105 cells/well
with each of the 7 HBV peptide pools, the negative control HDV peptide pool (1 µg/mL of
each peptide), 1 µg/mL phytohemagglutinin (PHA-M; Invitrogen, Carlsbad, CA) or DMSO
as described14. The number of specific spots (i.e. the number of spots in the presence of
antigen minus the number of spots in the absence of antigen) was determined using an AID
ELISpot Reader Version 3.5 (Autoimmun Diagnostika GmbH, Strassberg, Germany). A
positive response was defined as greater than 3-fold the DMSO background response.

Intracellular Cytokine Staining
To differentiate between IFN-γ-producing CD4 and CD8 T cells, 2 × 106 PBMC were
stimulated with the HBV peptide mixes, the negative control HDV peptide pool (final
concentration of 1 µg/mL per peptide, respectively), DMSO, or with 1 µg/mL PHA-M in
300 µL culture medium (RPMI 1640, supplemented with 10% FCS, 2 mmol L-glutamine,
100 g/mL streptomycin, and 100 U/mL penicillin) in the presence of 1 µg/mL anti-CD28
and anti-CD49d antibodies (BD Bioscience, San Diego, CA). After 2 hours, 0.3 µL Golgi-
Plug (BD Bioscience, San Diego, CA) were added. After 16 additional hours, cells were
washed and stained with ethidium monoazide (EMA), anti-CD19-PE-Cy5 (BD Biosciences),
anti-CD14-PE-Cy5 (AbD-Serotec, Raleigh, NC) to exclude dead cells, B cells and
monocytes, and with anti-CD3-Alexa-Fluor700, anti-CD4-PacificBlue and anti-CD8-
AmCyan (all BD Biosciences) to identify T cell subsets. Cells were washed again, fixed and
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permeabilized with the Cytofix/Cytoperm Kit (BD Bioscience), stained with antibodies
against IFN-γ for 30 minutes at 4°C, washed, resuspended in PBS, and immediately
analyzed by flow cytometry. A positive response was defined as greater than 3-fold the
DMSO background response.

To characterize the memory T cell phenotype, cells were stained with anti-CD4-Alexa-
Fluor700, anti-CD8-V500, anti-CD45RO-APC-H7, CD127-V450 and CCR7-PE-Cy7 in
addition to the intracellular staining with anti-CD69-PE and anti-IFN-γ-FITC (all BD
Bioscience). A minimum of 60 events in the CD69+IFN-γ+ gate were acquired.

Proliferation Assay
PBMCs were incubated with 0.75 or 1 µM CFSE (CellTrace CFSE Cell Proliferation Kit,
Molecular Probes, Eugene, OR) in PBS at room temperature for 10 min and mixed
frequently. The reaction was stopped by addition of excess FCS and cells were washed with
culture medium. CFSE-labeled cells were then stimulated with the previously described
peptide pools (1 µg/ml peptide), DMSO or 1 µg/mL PHA-M. On day 6, cells were stained
with anti-CD3, anti-CD4, anti-CD8 and analyzed by flow cytometry.

Flow cytometry
Stained cells were analyzed on an LSRII flow cytometer using FACSDiva Version 6.1.3
(BD Biosciences) and FlowJo Version 8.8.6 (Tree Star, Ashland, OR) software.

Statistical Analysis
Fisher’s Exact test, Chi-square test, D'Agostino & Pearson omnibus normality tests, non-
parametric Spearman correlations, Kruskal-Wallis and paired Friedman tests were
performed with GraphPad Prism 5.0a (GraphPad Software, La Jolla, CA). Two-sided p-
values <0.05 were considered significant.

Results
HBsAg-induced antibody responses correlate with HBs-specific T cell responses but not
with time after vaccination

Ninety health-care workers were studied 10 to 28 years after a documented full course of
HBsAg vaccination. Anti-HBs levels were determined by EIA and HBs-specific T cell
responses by IFN-γ ELISpot. Fifty-nine of 90 (65%) health-care workers displayed anti-HBs
levels above the clinical cut-off of 12 mIU/ml. About one third of both the anti-HBs-positive
and the anti-HBs-negative groups tested positive for HBs-specific IFN-γ producing T cells
(Fig. 1A). The anti-HBs titer correlated to the frequency of IFN-γ-producing HBs-specific T
cells (p=0.035, rho = 0.22, Fig. 1B), but neither anti-HBs titer nor T cell responses
correlated to the time that had passed since vaccination (Fig. 1C, D). Prevalence and
magnitude of HBs-specific humoral and cellular immune responses responses did not differ
between health care workers who had received a recombinant HBsAg vaccine and those
who had the plasma-derived HBs vaccine.

Occupational HBV exposure induces HBcore- and HBVpol-specific T cell responses
despite prior HBsAg vaccination

To determine the impact of HBV exposure on the maintenance of vaccine-induced immune
responses we divided the vaccinees into three subgroups based on the results of a
questionnaire designed to assess occupational HBV exposure. As shown in table 1 the
subgroups with unlikely (score 0, n=43), intermediate (score 1, n=14) and likely (score ≥2,
n=33) occupational exposure did not differ in age, gender and time since vaccination. A

Werner et al. Page 4

Gastroenterology. Author manuscript; available in PMC 2014 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



group of non-vaccinated health-care workers without HBV exposure and comparable
demographics was studied as negative control. For comparison, naturally induced HBV-
specific immune responses were assessed in a group of non-vaccinated HBV-recovered
patients. This group was older than the other four groups (Table 1).

All subjects except for the HBV-recovered patients tested negative for HBc-specific
antibodies (Table 1). Because induction of antibodies depends on the continued presence of
high antigen levels, which in turn requires prolonged viremia16, 17 we asked whether T cell
responses against HBcore and HBVpol peptides, which are not part of the HBsAg vaccine,
might be a more sensitive readout of HBV exposure than antibodies. As shown in figure 2,
15/25 (60%) of the nonvaccinated patients who had spontaneously recovered from acute
HBV infection displayed T cell responses against HBcore (Fig. 2A, left graph) and 32%
displayed T cell responses against HBVpol (Fig. 2B, left graph) in IFN-γ ELISpot assays.
Although the prevalence of HBcore- and HBVpol-specific immune responses was
significantly lower in vaccinated health-care workers than in patients with naturally induced
immunity (P<0.0001 and P=0.016 for all groups, respectively) there was a clear correlation
with occupational exposure. Eleven of thirty-three (33%) vaccinated health-care workers
with an exposure score ≥2 recognized HBVpol compared to 3/43 (7%) of those without
exposure (p=0.006).

This was consistent with a differential magnitude of the HBV-specific T cell response (Fig.
2A middle panel) and in particular the CD4 T cell response because health-care workers
with an exposure score ≥2 had stronger CD4 T cell responses against HBcore (Fig. 2A, right
graph) and HBVpol (Fig. 2B, right graph) than health-care workers without exposure
(0.005% ± 0.001% vs. 0.017% ± 0.004% IFN-γ HBcore-specific CD4 T cells, p<0.01;
0.043% ± 0.032% vs. 0.065% ± 0.016% IFN-γ± HBVpol-specific CD4 T cells, p<0.001).
No such differences were found using HDV control peptides (Fig. 2C), which demonstrates
the specificity of our findings. In addition, none of the non-vaccinated volunteers had
HBcore or HBVpol-specific responses above the cut off (not shown). The immunological
status of this group was therefore comparable to that of the group of vaccinees without
exposure (exposure score 0).

Consistent with the differential CD4 responses, CD8 T cell responses against HBcore (Fig.
3A, left graph) and HBVpol (Fig. 3B, left graph) were more prevalent in HBV-exposed than
non-exposed health-care workers, and the magnitude of HBcore and HBVpol-specific CD8
T cell responses was greater in health-care workers with an exposure score ≥ 2 than in those
without exposure (0.026% ± 0.010% vs. 0.007% ± 0.003% IFN-γ+ HBcore-specific CD8 T
cells, p<0.05; 0.086% ± 0.023% vs. 0.049% ± 0.029% IFN-γ+ HBVpol-specific CD8 T
cells, p<0.05; Fig. 3A, B, right graphs). Again, no such differences were found using HDV
control peptides (Fig. 3C).

Collectively, these results suggest that HBV exposure occurred in a substantial percentage of
health-care workers despite prior vaccination, and that T cell responses are a more sensitive
readout of HBV exposure than antibodies.

Occupational HBV exposure after vaccination does not result in a long-lasting boost of
HBs-specific T cell and antibody responses

Having established that HBV exposure induces HBcore- and HBVpol-specific T cell
responses we wondered whether it also boosted vaccine-induced responses against HBsAg.
As shown in figure 4A neither the prevalence nor the magnitude of the HBs-specific T cell
response differed among the three exposure groups. This was confirmed by analysis of HBs-
specific T cell proliferation in a subgroup of 47 vaccinees (not shown). Consistent with these
results, neither the prevalence nor the titer of anti-HBs antibodies differed among the three
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exposure groups (Fig. 4B). Furthermore, HBs-specific T cell and antibody responses did not
differ between vaccinees and HBV-recovered patients. Taken together, these results indicate
that exposure to HBV does not result in a long-lasting boost of HBsAg-specific immune
responses.

The majority of vaccine-induced CD4 T cells are terminally differentiated whereas the
majority of exposure-induced CD4 T cells are effector memory cells

To determine whether the phenotype of vaccine-induced T cells differed from that of
exposure-induced T cells we analyzed HBV-specific CD4 T cells of 49 subjects with
detectable ex vivo responses by flow cytometry. As shown in figure 5 the majority of
vaccine-induced HBs-specific CD4 T cells from unexposed and exposed health-care
workers displayed a CD45RO−CCR7−CD127− terminally differentiated phenotype, whereas
this phenotype was less frequent among infection-induced HBs-specific CD4 T cells from
subjects who had recovered from acute HBV infection (HBs-specific responses of
unexposed vaccinees vs. HBs-specific responses of recovered patients: 42.3% ± 4.4% vs.
25.0% ± 5.4%, p=0.028; HBs-specific responses of exposed vaccinees vs. HBs-specific
responses recovered patients: 41.0% ± 4.5% vs. 25.0% ± 5.4%; p=0.034). Likewise,
CD45RO−CCR7−CD127− terminally differentiated cells were more frequent among
vaccine-induced HBs-specific CD4 T cells of unexposed and exposed vaccinees than among
infection-induced HBcore/HBVpol-specific CD4 T cells of recovered patients (42.3% ±
4.4% vs. 25.5% ± 3.5%; p=0.006; and 41.0% ± 4.5% vs. 25.5% ± 3.5%, p=0.013,
respectively), whereas the frequencies of terminally differentiated exposure/infection-
induced HBcore and HBVpol-specific CD4 T cells of vaccinees were comparable to those of
HBV-recovered patients.

This was recapitulated by the frequency of effector memory T cells within the HBV-specific
CD4 T cell population. CD45RO+CCR7−CD127−-effector cells were less frequent among
vaccine-induced HBs-specific CD4 T cells from unexposed and exposed vaccinees than
among infection induced HBcore/HBVpol-specific CD4 T cells from HBV-recovered
patients (28.2% ± 4.2% vs. 42.6% ± 4.6%, 0.029; and 29.9% ± 3.5% vs. 42.6% ± 4.6%;
p=0.034, respectively). By contrast, the frequencies of exposure/infection-induced HBcore-
and HBVpol-specific effector memory CD4 T cells of vaccinees were comparable to those
of HBV-recovered patients. Thus, the phenotype analysis of HBV-specific memory CD4 T
cells demonstrated a clear difference between vaccine-induced and infection/exposure-
induced HBV-specific T cell subsets.

Discussion
In this cross-sectional study we showed that 65% of health-care workers who had received a
full course of HBsAg vaccination during adulthood maintained anti-HBs titers above the
clinical cut-off of 12 mIU/ml 10–28 years after primary vaccination. We assessed the impact
of occupational HBV exposure with an exposure score, and by quantitating exposure-
induced T cell responses against HBcore and HBVpol, which are not part of the HBsAg
vaccine. This allowed us to draw three main conclusions:

First, T cell responses against HBcore and HBVpol are a more sensitive indicator of HBV
exposure than antibodies were used in previous studies8, 13. T cells against HBVpol appear
particularly sensitive to low amounts of HBV antigen because they were found more
frequently in exposed health-care workers than HBcore-specific T cells. This is consistent
with the maintenance of HBVpol-specific T cell responses in chronically infected patients
whose HBV titer has successfully been suppressed to very low levels by antiviral therapy14.
However, although HBVpol-specific T cell responses are readily inducible it has to be
considered that their antiviral effector function is not as potent as that of HBcore-specific T
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cells as shown experimentally in adoptive transfer studies into HBV transgenic mice18.
Taken together, HBcore- and HBVpol-specific T cell responses appear to be valuable
biomarkers of HBV exposure. While this study was focused on occupational exposure, we
also detected T cell responses against HBcore (28 IFN-γ spots PBMC) and HBVpol (58
IFN-γ PBMC) in one of three additional subjects who were living together with HBV-
infected patients, suggesting that the finding of not sterilizing but protective immunity
extends to other modalities of HBV exposure.

Second, occupational exposure to HBV does not induce a lasting boost of vaccine-induced
HBs-specific antibody and T cell responses. This appears to be in contrast to a recent study,
which reported that 8.2% of vaccinees experience at least one natural boost, defined as
greater than four-fold increase in anti-HBs titer to at least 20 mIU/ml13. However, this study
does not indicate how fast after virus exposure the boosted anti-HBs titer declines. For
comparison, HBs-specific T cell responses are known to peak and decline as early as 28
days after booster vaccination19. Thus, we cannot exclude the possibility that a transient
increase in HBs-specific antibody and T cell responses occurred after virus exposure but was
missed due to the cross-sectional design of our study. Because we detected an association
between HBcore- and HBVpol-, but not HBs-specific T cell and antibody responses, and
exposure risk we conclude that occupational exposure to HBV does not induce a lasting
boost of vaccine-induced HBs-specific antibody and T cell responses. This interpretation is
supported by a 15 year follow-up-study of 841 vaccinated natives in Alaska, an area where
HBV is hyperendemic8. This study showed that the presence of HBsAg-positive members in
the same household does not correlate with anti-HBs levels 15 years after vaccination.

Third, the presence of HBcore- and HBVpol-specific T cell responses in many vaccinees
with occupational HBV exposure suggests that vaccine-induced immunity is not sterilizing.
HBcore and HBVpol are both part of the natural HBV particle, which needs to be taken up
and presented by MHC II complexes to induce CD4 T cells or cross-presented by MHC
class I complexes to induce CD8 T cells. The presence of anti-HBs-specific antibodies and
CD4 T cells may augment the induction of CD8 T cells by facilitating antigen uptake and by
providing help via CD40-CD40L interaction. However, the detection of HBcore and
HBVpol-specific CD8 T cells may also indicate transient viral replication because CD8 T
cell responses are much more difficult to induce by protein antigens than CD4 T cell
responses.

A limitation of the study is the lack of immunological data from the original vaccination,
which did not allow us to correlate the strength of primary antibody and T cell response to
their respective strength decades later and to calculate the decay. This would have been
interesting because the peak of the primary anti-HBs response has been shown to predict the
antibody titer 15 years later8 as well as the anamnestic response to booster vaccination12.
The fact that the majority of the 31 anti-HBsAg-negative vaccinees responded to a booster
vaccination (not shown) suggests that they mounted a regular response to the primary
vaccination. The longevity of the humoral and cellular immune responses is remarkable
considering that HBsAg is a protein vaccine, which in contrast to live-attenuated vaccines
does not persist as a permanent source of antigen. Immune responses against tetanus,
another protein vaccine have also been shown to last for at least 3 decades,20 and a change
of re-vaccination policy against tetanus from once every 10 to once every 30 years in
Sweden has not resulted in any increase in the number of tetanus cases. The absence of
chronic infection in all vaccinated health-care workers and the presence of a rapid booster
response in those that had lost anti-HBs (not shown) are both strong indicators of protective
immunity. The absence of sterilizing immunity after vaccination would be consistent with
the immune status after recovery from natural infection which cannot prevent the sporadic
appearance of trace amounts of HBV DNA in the 3 decades,21. We therefore conclude that
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HBsAg-induced immune responses are protective longterm after vaccination even if they
may not confer sterilizing immunity.
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Figure 1. HBs-induced antibody responses correlate with HBs-specific T cell responses but not
with time after vaccination
(A) Characterization of the vaccinee cohort. HBs-specific antibody responses were tested by
EIA and T cell responses by IFN-γ ELISpot. Number and percentage of vaccinees with
(shaded areas) and without (clear area) HBs-specific T cell responses at the time of this
study are indicated in the pie chart. The blue band around the circle represents the subgroup
of vaccinees with anti-HBs responses > 12 mIU/ml. (B) Correlation between the strength of
the HBs-specific IFN-γ T cell response and HBs-specific antibody response of health-care
workers tested 10 to 28 years after vaccination. (C, D) Correlation between the HBs-specific
antibody response (C) or the strength of the HBs-specific IFN-γ T cell response (D) and the
time after vaccination. Statistical analysis: nonparametric, Spearman correlation. The dotted
line indicates an antibody level of 12 mIU/ml.
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Figure 2. Occupational HBV exposure induces HBcore- and HBpol-specific T cell responses
despite prior HBsAg vaccination
The prevalence (left graphs) and the strength (middle and right graphs) of HBV-specific T
cell responses were determined against (A) HBcore peptides, (B) HBVpol peptides and (C)
HDV control peptides in 90 vaccinees, who were stratified by post-vaccination HBV
exposure score, and 25 non-vaccinated patients, who had recovered from acute HBV
infection. Results in the left and middle graphs were obtained by IFN-γ ELISpot assay,
whereas results in the right graphs were obtained by intracellular cytokine staining (right
graphs). Mean ± SEM are indicated in the middle graphs and in the right graphs. Statistical
analysis: Chi-Square and Fisher’s Exact test were used to compare the prevalence of
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responses (left graphs). The nonparametric Kruskal-Wallis test with Dunn’s multiple
comparison was used to compare the strength of responses (middle and right graphs).
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Figure 3. Occupational HBV exposure induces HBcore- and HBVpol-specific CD8 T cells
The prevalence (left graphs) and the strength (right graphs) of HBV-specific CD8 T cell
responses were determined against (A) HBcore peptides, (B) HBVpol peptides and (C)
HDV control peptides in 90 vaccinees, who were stratified by post-vaccination HBV
exposure score, and in 24 non-vaccinated patients, who had recovered from acute HBV
infection. Results were obtained by intracellular cytokine staining. Mean ± SEM are
indicated. Statistical analysis: Chi-Square and Fisher’s Exact test were used to compare the
prevalence of responses (left graphs). The nonparametric Kruskal-Wallis test with Dunn’s
multiple comparison was used to compare the strength of responses (right graphs).
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Figure 4. Occupational HBV exposure after vaccination does not affect HBs-specific T cell and
antibody responses
Prevalence and strength of IFN-γ+ T cell responses (A) and antibody responses (B) against
HBs in 90 vaccinees who were stratified by post-vaccination HBV exposure score, 25 non-
vaccinated patients, who had recovered from acute HBV infection, and 10 non-vaccinated
subjects. Statistical analysis: Chi-Square and Fisher’s Exact test were used to compare the
prevalence of responses (left graphs). The nonparametric Kruskal-Wallis test with Dunn’s
multiple comparison and the Mann Whitney test were used to compare the strength of
responses (right graphs). Mean ± SEM are shown in the right graphs.
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Figure 5. Most vaccine-induced CD4 T cells are terminally differentiated whereas most
exposure-induced CD4 T cells are effector memory cells
(A) Gating strategy. (B) Percentage of terminally differentiated effector T cells
(CD45RO−CCR7−CD127−) and effector memory T cells (CD45RO+CCR7−CD127−) within
the CD69+IFN-γ+ CD4 T cell population after stimulation with either HBs or HBcore/pol-
peptides. Mean ± SEM of data from 36 vaccinees and from 13 patients recovered from acute
HBV are shown. Statistical analysis: unpaired t-test.
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