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Levels of regulatory B cells do not predict serological responses to hepatitis B vaccine
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ABSTRACT
This study investigated the immunomodulatory influence of IL10 producing B regulatory cells, Bregs
(CD19CCD24hiCD38hi) to standard Twinrix� vaccination. We also investigated HBsAg specific T-cell mediated
IFN-g responses to Twinrix� which in theory could provide effective immunity despite low anti-HBs titer. A
total of 309 hepatitis B negative health care students and workers completed a standard Twinrix�

vaccination schedule (0, 1 and 6 months). Depending on the vaccination response the participants were
divided in to non-, low- and high responders according to anti-HBs titer (<10, <100 and >1000 mIU/mL
respectively) two months after completed vaccination schedule. Blood samples from baseline and after
vaccination from all non- and low-responders (23 participants) and the same number of high-responders
were used for flow cytometric analyses of IL10 producing Bregs and T-cell mediated IFN-g responses. A
decrease in levels of IL10 producing Bregs was observed after vaccination in high responders compared to
non- and low-responders. Compiling non-and low-responders against high-responders showed a lower T-cell
mediated IFN-g response at baseline in non-and low-responders when stimulated with Engerix� vaccine. In
contrary no positive correlation between IL10 producing Bregs or IFN-g positive T-cells and anti-HBs titer was
observed. Hence this study cannot prove that levels of IL10 producing Bregs or IFN-g positive T cell affect
HBV vaccine response.
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In this study we vaccinated 309 healthy adults against HBV
with a combined hepatitis A and B vaccine (Twinrix�). We
aimed to investigate if cellular parameters could predict sero-
logical response. Our study found no correlation between levels
of IL10 producing B regulatory cells and anti-HBs titer. Fur-
thermore we could not prove that levels of IFN-g positive T
cells were correlated to serological response.

Infection with HBV is a major global health problem affect-
ing more than 240 million people.1 Effective vaccines have
been available since 1982 and have decreased the incidence of
HBV infection and HBV-related morbidity and mortality.2–5 In
1992, WHO recommended that all member states should
include HBV vaccination in their national immunization pro-
grams.5 However, this recommendation was not followed in
Denmark where vaccination is recommended, but not routinely
offered to health care workers.6-7

Clinical studies have shown seroprotection (defined as anti-
HBs >10mIU/mL) in 92.3 to 99.7% of vaccinees.8–11 Older age,
male gender, high BMI, smoking, vaccine administration route,
human leucocyte antigen types as well as high levels of immu-
nomodulatory lymphocytes and cytokines such as regulatory B
cells (or Bregs) and IL10 have been associated with serological
non-response to hepatitis B vaccination.12–17

Measurements of anti-HBs titres are not always routinely
offered after HBV vaccination, and consequently non-responders
are not discovered. Undiagnosed non-responders might not take
the necessary precautions in regards to HBV transmission and
unawareness might delay diagnosis and ultimately treatment
for HBV. The common interpretation is that serological
non-responders are not protected against HBV transmission and
hence revaccination is advised.15 However, it is not clear to what
extent serological non-responders may have persistent protection
due to cell-mediated immunity (CMI). Several studies have
examined this issue, but the results have been conflicting. This is
mainly because it is difficult to establish whether a vaccine for
HBV is protective in a non-endemic setting. One study found
that 9% of serologic non-responders developed HBsAg-specific
CMI, while another study reported 75%, as measured by antigen-
specific proliferation of PBMCs.13,18 Recently Bauer et al. showed
that despite vaccine recipients losing protective levels of anti-HBs
they still had measurable HBsAg specific CD4 positive IFN-g
memory cells.19 Low-responders (anti-HBs 10–100mIU/ml) are
considered immunised but the duration of immunisation is
reduced compared to high-responders. Grosso et al. showed that
only 27% of low-responders had protective anti-HBs titres at a
30 year follow-up compared to 92% of high-responders.20
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The aim of this study was to investigate the influence of IL10
producing Breg subsets in serologic non- and low-responders
to hepatitis B vaccination. Furthermore, we examined the CMI
response as determined by an IFN-g based flow cytometry
assay in serologic non- and low-responders (anti-HBs <10
mIU/mL and <100 mIU/mL respectively) before and after
receiving a standard course of HBV immunization.

We included health care workers and medical students >

18 years of age at risk of HBV infection. Exclusion criteria were
previous or chronic HBV infection, previous HBV immuniza-
tion, pregnancy (or planned pregnancy within 6 months), and
allergy to vaccine contents. The Danish national ethics commit-
tee approved this study and informed consent was obtained
from all participants.

Participants received a standard course of immunization
with a combined hepatitis A and B vaccine (Twinrix�, GSK) at
0, 1, and 6 months, administered intramuscularly in the deltoid
muscle. Data on age, weight and height (BMI measurement),
smoking status, alcohol consumption, medical co-morbidities,
and medication were collected at baseline (Table 1).

Blood was drawn at baseline (0 month) and at follow-up
(8 months, i.e. 2 months after the last vaccination, C/- 2
weeks). Measurements of HBsAg (Architect, Abbott Diag-
nostics) were performed at baseline and measurements of
quantitative anti-HBs (Architect, Abbott Diagnostics) were
performed at both baseline and follow-up. PBMCs were iso-
lated by density gradient centrifugation using Ficoll-Paque.
PBMCs were cryopreserved at -179�C. Cryopreserved
PBMCs from baseline and follow-up: 1. participants with
anti-HBs titer below 100 mIU/mL (23 subjects) and 2. high-
responders (anti-HBs titres � 1000 mIU/mL) matched on a
1:1 basis by age, gender and smoking-status were used for
flow cytometric analyses.

PBMCs at baseline were included as HBsAg naive controls.
To enable linear correlation analyses possible on flow

cytometry results, we needed numerical titer-values for the 23
high-responders. Serum was diluted with Architect Anti-HBs
specific diluent (Abbott) and quantitative anti-HBs titers were
measured (Architect, Abbott Diagnostics).

For the IL10 Breg analysis PBMCs rested for one hour at
37�C, 5% CO2 in media (RPMI 1640, with 5% FBS, 2 mM L-

glutamine, 100ug/ml Penicillin and 100U/ml Streptomycin).
Every participant had 1,5 £ 106 cells stimulated with 10 mg/mL
CpG ODN2006 (Invivogen) and 1 mg/mL CD40L (RnD Sys-
tems) and 1,5 £ 106 cells left unstimulated. The cells were
incubated for 48 hours and during the last four hours a portion
of cells were stimulated with 50 ng/mL phorbol 12-myristate
13-acetate (PMA) and 1 mg/mL Ionomycin (both Sigma-
Aldrich). All cells were treated with 1 mL BD GolgiPlug/mL
(BD Bioscience) during these last four hours. After the final
stimulation the cells were transferred to fluorescence-activated
cell sorting (FACS) tubes.

The samples were first stained with LIVE/DEAD near-IR as
recommended (Life Technologies) and thereafter surface
stained with CD19-PE-Cy7 (Beckman Coulter), CD38-PerCP-
Cy5.5 (Biolegend), CD24-APC (Biolegend) and CD27-PE
(eBioscience) prepared as a mastermix. Prior to intracellular
staining with IL-10-Alexa Fluor 488 (eBioscience). The cells
were fixed and permeabilised with BD Cytofix/Cytoperm and
centrifuged in BD Perm/Wash buffer as described by the man-
ufacturer (BD Bioscience). All cells were acquired on a FACS
Verse (BD Bioscience) flow cytometer.

IFN-g positive CD4C T cells: PBMCs rested for one hour at
37�C, 5% CO2 in media (RPMI 1640, with 5% FBS, 2 mM L-
glutamine, 100ug/ml Penicillin and 100U/ml Streptomycin)
prior to stimulation in 5 ml polystyrene tubes at 1 £ 106

PBMCs/ml. We stimulated with Engerix� vaccine (1mL), and
not the Twinrix� vaccine, in order to only activate the HBV
specific immune response, as a negative control we used media
alone. We acknowledge that both Engerix� and Twinrix� con-
tain alum as an adjuvant and though we would have liked to
stimulate cells with a alum free version- this was not available.
As positive control we used PHA (10 mg/ml). In order to
mimic HBV infection cells were stimulated with all envelope
proteins HBsAg S M L, i.e. S, Pre-S1 and pre-S2, and condi-
tioned media was used as a negative control.

The HBsAg conditioned media was supernatant from hepa-
tocarcinoma cell line “Huh7” cells transfected with different
ratios of S, M or L in the pCI-CMV vector, all genotype D
grown in Dulbecco’s Modified Eagle Medium C 10% FBS. Cells
were transfected with plasmid constructs at the following ratios:
S:M D 19:1, S:L D 19:1 and S:M:L D 19:0.5:0.5.

Table 1. Characteristics of study population.

Response status Non and Low Intermediate High
Anti-HBs (mIU/mL) <100 100-999 >1000
Number of participants 23 60 226 p-value

Gender (%) Male 3 (13) 16 (27) 39 (17) 0.77
Female 20 (87) 44 (73) 187 (83)

Race (%) Caucasian 22 (96) 53 (88) 201 (89) 0.48
Asian 3 (5) 13 (6)
African 1 (4) 1 (2) 3 (1) 0.32
other 3 (5) 9 (4)

Mean Age at 1. visit (SD) 36.8 (2,6) 34.9 (1,7) 30.1 (0,7) 0,0001*

Mean BMI (SD) 26.2 (1,2) 23.8 (0,4) 23.2 (0,2) 0,0001*

Smoking(%) current 5 (22) 13 (22) 11 (5) 0,01*

former 2 (9) 8 (13) 30 (13) 0.75
History of co-morbidities (%) 9 (39) 19 (32) 76 (34) 0.65
Other medicine (%) 19 (83) 43 (72) 175 (77) 0.79

Abbreviations: SD: standard deviation. � Significant p-values.
Non-and low: anti-HBs<100 mIU/mL, 23 participants. High: anti-HBs>1000 mIU/mL, 226 participants. Intermediate responders: anti-HBs 100–1000 mIU/mL, 60 partici-
pants. P-values: Difference between non-/low-responders and high-responders.
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After 18 hours of stimulation 1mL Golgiplug (BD Biosci-
ence) was added to the cell-suspension and the cells incubated
at 37�C, 5% CO2 for 6 hours. The cell-suspension was then
washed and stained for surface markers including: CD45RO
conjugated PE (BD Bioscience), CD4 conjugated Per-CP (BD
Bioscience) and CD3 conjugated Pacific blue (BD Bioscience),
and incubated at room temperature for 20 minutes in the dark.
The cells were then fixed and permeabilised overnight at 4�C
with BD Cytofix/Cytoperm and washed in BD Perm/Wash
buffer (BD Bioscience). Intracellular staining was then per-
formed using IFN-g conjugated FITC (BD Bioscience). After
30 min incubation at 4� in the dark and washing, the cells were
transferred to a 96 well plate and analysed on FACS Canto II
flow cytometer (BD biosciences).

All data was analysed on Flow Jo v. 9.6.4 (TreeStar, Oregon).
Before each analysis, the results were compensated using single
stain compensation controls.

Gating IFN-g positive CD4C T cells: Lymphocytes were
defined by gating on a forward- and side scatter plot and CD4C

T cells were defined on a CD3C/CD4C plot. Memory T-cells
was defined as CD4C and CD45ROC. Each run included a sam-
ple, which had undergone same protocol as the rest of the sam-
ples except staining with IFN-g conjugated FITC. In this
sample we defined the gate for IFN-gC cells in both the CD4C

T-cells and memory cells to ensure consistency.
Gating IL10C Bregs: Gating was influenced by the low num-

ber of these cells and that the morphology of the cells was
altered after stimulation. Firstly, live cells were defined as nega-
tive for LIVE/DEAD near IR. Lymphocytes are usually gated
on a tight forward-side scatter plot, but applying this would
bypass the cells of interest, for which reason a broad forward-
side scatter gate was used. For the same reason the following
gate was a broad forward scatter -A/forward scatter-H gate. B
lymphocytes were defined as CD19C, and the phenotype for
Bregs were defined as CD24hiCD38hi. The number of
CD19CCD24hiCD38hi cells producing intracellular IL10 was
determined by gating IL10C based on the IL10 expression in
unstimulated cells.

All data were analysed in GraphPad prism version 6.0. A
compiled group of non-/low-responders (cases) were compared
to high-responders (controls). Fisher’s exact test was used to
compare the distribution of categorical variables such as sex,
ethnicity, gender, smoking etc. For normally distributed varia-
bles, mean values (§standard deviation) were calculated and
the t-test was used. To compare paired values e.g. high-res-
ponders at baseline vs. follow-up Wilcoxon Rank sum test was
used. Pearsons correlation was used for linear evaluations. For
unpaired values, e.g. non/low responders vs. high responders,
Mann-Whitney test was used. For all tests, p-values below 0.05
were considered significant.

In order to normalize results we calculated ratios of Engerix
and HBsAg results divided with results from our negative con-
trols (background), media and conditioned media respectively.
To standardize the number of Bregs, we used the number of
IL10 producing CD19CCD24hiCD38hi cells of all CD19C (B
lymphocytes) (Bregs/CD19C) from the CD40L and CpG stimu-
lated cells when analysing the data.

A total of 340 participants were included, of which 22 partic-
ipants (6%) were excluded due to positive anti-HBs titre at

baseline. Nine participants did not complete the full vaccina-
tion program: Five were lost to follow up, one withdrew con-
sent, one emigrated, one discontinued due to mild side effects
and one due to comorbidities.

On the basis of quantitative anti-HBs titres at follow-up, 4
(1%) of participants were categorized as serologic non-respond-
ers (anti-HBs < 10 mIU/ml), 19 (6%) of participants as sero-
logic low-responders (anti-HBs 10–100 mIU/ml), 60 (19%) as
intermediate responders (anti-HBs >100- and <1000 mIU/
mL) and 226 (73%) as serologic high-responders (anti-HBs >
1000 mIU/ml) to the Twinrix� vaccine.

The group of clinical interest was participants with non-
or low response to the vaccine. Thus we mainly compared
the serologic non-/low-responders (23 cases) to the sero-
logic high-responders (226 controls), respectively (Table 1).
In all groups being female gender and caucasian ethnicity
was most frequent. In the intermediate group a bigger pro-
portion were male, however this difference was not signifi-
cant. Mean age at baseline was higher in the group of non-/
low-responders compared to the high-responder group
(36.8 years (§2.64) vs. 30,1 years (§0.73), p D 0.025).
Accordingly, the intermediate group had higher age than
the high-responders but lower than the non-/low-respond-
ers. Compared to serologic high-responders, the group of
non-/low-responders had a significantly higher mean BMI
(26.2 vs. 23.2, p D 0.025) and a significantly higher propor-
tion was found to be smoking (22% vs. 5%, p D 0.011). No
difference was found in the prevalence in history of co-
morbidities or use of other medicines.

No differences were found between the proportion of Bregs/
CD19C at baseline or follow-up between serologic non-/low-
responders and serologic high-responders (data not shown).
However, in the high responder group, there was a significant
decrease in Bregs/CD19C number after vaccination (p D
0.027), which was not observed in the non-/low-responder
group (p D 0.189) (Figure 1). In the correlation analysis we
found no significant correlation between anti-HBs titer and
IL10C Bregs including participants with serologic non-/low-
response and high-responders.

When comparing the stimulation ratio of IFN-g positive
CD4C T cells at baseline, we found a significant higher ratio of
IFN-g positive CD4C T cells (p D 0.048) in samples from
high-responders stimulated with Engerix� compared to non-/
low-responders (Figure 2A). No difference was found between
the non-/low-responders and the high-responders in IFN-g
positive CD4C T cells at baseline when stimulated with HBsAg
or in follow-up samples stimulated with Engerix� or HBsAg
(Figure 2B-D). Similarly, no difference was found when evalu-
ating stimulation ratios of IFN-g positive memory cells (data
not shown).

In neither the non-/low-responder, nor the high-responder
group, did we observe any difference in proportions of IFN-g
positive CD4C or memory T cells when comparing samples
from baseline and follow-up. This was also the case when test-
ing for correlation of IFN-g positive CD4C or memory T cells
and anti-HBs titer. This was true irrespective of the antigen
stimulation (Engerix� or HBsAg) (data not shown).

We studied a large number (n D 309) of participants who
completed an HBV vaccination programme. We identified 23
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Figure 1. Changes in proportion of Breg of total B lymphocytes from baseline to follow-up in low-responders and high-responders. A significant decrease in Bregs/CD19C

number after vaccination was found in the high-responder group (right graph), and not in the non-/low-responder group (left graph). �Significant p-values.

Figure 2. Results from Engerix� (A) and HBsAg (B) stimulated baseline samples and Engerix� (C) and HBsAg (D) stimulated follow-up samples. Plots of the ratio of IFN-g
positive CD4C T-cells for non-/low-responders and high-responders (Anti-HBs<100 mIU/ml and>1000 mIU/ml, respectively). Higher ratio of IFN-g positive CD4C T cells
at baseline was found in samples from high-responders stimulated with Engerix� compared to non-/low-responders (Figure 2A). No difference was observed in ratios of
IFN-g positive CD4C T cells in baseline samples when stimulated with HBsAg (Figure 2B). At follow-up, we observed no difference between the non-/low-responders and
the high-responders in ratios of IFN-g positive CD4C T cells when stimulated with Engerix� or HBsAg (Figure 2C, D). �Significant p-values. A: ENG/US (Engerix�/Media), B
D HBsAg/CM (HBsAg/Conditioned Media).
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with serologic non- or low-response (anti-HBs < 100 mIU/ml)
after vaccination. Surprisingly only 1% were serological non-
responders after a standard course of Twinrix� vaccination, a
proportion that is much lower than reported in previous stud-
ies.8–11 This may be attributable to the young age and good
health of the participants.8

The non-/low-responder group were more likely to be older,
smokers and have a higher BMI than vaccine responders.
The high-responders used for flow cytometric analyses were
matched to the non-/low-responder group on age, gender and
smoking-status.

The impact of the finding that lower IL10 producing Bregs/
CD19C after vaccination is only observed in high responders is
unclear. It may indicate that a decrease in immunomodulatory
lymphocytes and cytokines after vaccination is a surrogate of
immune activity and thus associated with higher anti-HBs
titres. We conducted analyses to test for a positive correlation
between IL10 producing Bregs/CD19C at baseline and anti-
HBs titer after vaccination. When focusing the analysis on the
low and nonresponder group, we found a significant correla-
tion (data not shown), but when we included serologic high res-
ponders, there was no correlation. Hence, our data do not
provide any indication that the regulatory status of the immune
system has any predictive value to vaccination response.

Garner-Spitzer et al. showed elevated levels of IL10 in super-
natant and elevated levels of Bregs/CD19C in HBV non-res-
ponders. However, this may be an antigen specific response
since no decrease in levels of IL10 or Bregs/CD19C was
observed in HBV non-responders before and after vaccination
against tick borne encephalitis (TBE), who produced adequate
amounts of TBE antibodies after vaccination.17

To our knowledge, no studies have compared cytokine level
or presence of reactivity of T cells, in serological non-/low-res-
ponders and high-responders, prior to HBV vaccination. Our
findings showed that serological low-responders had signifi-
cantly lower stimulation ratios of reactive IFN-g positive
CD4C T cells to Engerix� vaccine at baseline. However, we did
not find a positive correlation between IFN-g positive CD4C T
cells at baseline and anti-HBs titer after vaccination. Previous
studies have reported that in vitro IFN-g stimulation of PBMCs
induced an increased level of anti-HBs producing B cells.21

Thus lower numbers of IFN-g positive T cells reactive to the
Engerix� vaccine might explain decreased production of anti-
HBs in non-/low-responders. This difference in IFN-g positive
CD4C cells between the non-/low-responders and high-res-
ponders could not be found in samples stimulated with HBsAg.
One potential explanation for this finding could be that compo-
nents other than HBsAg in the vaccine preparation induced
IFN-g responses in CD4C T cells in high-responders but not
in non-/low-responders. The Engerix� vaccine preparation,
that in addition to HBsAg, contains <5% yeast protein (after
purification procedures), alum (as aluminium hydroxide),
sodium chloride and phosphate buffer.

Velu et al, used an ELISA to measure IFN-g, and showed a
significantly higher IFN-g response in high-responders com-
pared to low-responders and non-responders after HBV vaccina-
tion.22 In contrast, our results at follow-up showed no difference
in proportions of IFN-g C CD4C or memory T cells between
non-/low-responders and high-responders, indicating that the

IFN-g response is not produced by CD4C T lymphocytes. How-
ever, Bauer et al. showed that after third HBV vaccination IFN-g
producing CD4C/CD45RAC and CD4C/CD45R0C T cells
declined over time. Thus the 2-months time of follow-up might
be too late for evaluation of cellular immune response.

Limitations and weaknesses in this study include: 1.Few
non-/and low-responders. 2. We did not stimulate with HBV
vaccine preparations without alum. 3. We only took one blood
sample after completed HBV vaccination, thus examination on
decline in immune response over time could not be performed.
Future studies on this subject should include more cytokines
i.e. IL4 as a determinant on Th2 response and its regulatory
effect on Th1 response. Also adding more analyses on cytokines
in the T regulatory response i.e. TGF-b could provide details of
the mechanism involved in the reduced production of anti-HBs
in non-/low responders.

In summary none of the immune parameters evaluated in
this study were capable of predicting vaccination responses.
We observed that high-responders showed a decrease in IL10
producing Bregs/CD19C following vaccination and that they
had greater numbers of IFN-g producing CD4C T-lympho-
cytes to the Engerix� vaccine at baseline. The implications of
these findings are not clear. In non- and low-responders we
found no evidence of a mobilized protective CD4C T cell
response. Thus there is a continued need for measurements of
post-vaccination anti-HBs titres and booster vaccination to
non-responders, especially in risk groups and in HBV endemic
areas.13 However our study underline that early vaccination in
a young healthy population is likely to be successful.
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