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Introduction

Summary

Primary immunization of infants with protein—polysaccharide conjugate
vaccines induces antipolysaccharide antibody and is highly effective in
preventing invasive disease caused by encapsulated bacteria. However,
recent experience from the UK indicates that this immunity is not sus-
tained in the absence of booster doses of vaccine. This study aimed to
establish the kinetics and phenotype of B-cell subpopulations responding
to booster immunization with a heptavalent pneumococcal conjugate vac-
cine (Pnc7), which is to be introduced into the primary immunization
schedule in the UK during 2006. Six adult volunteers received a booster
dose of Pnc7 12-18 months after primary immunization. CD27"
CD38" CD20%~ IgG antibody-forming cells were detected in peripheral
blood with maximum frequency at days 6-7 after immunization. This was
accompanied by a more prolonged rise in memory B cells that required
in vitro stimulation with Staphylococcus aureus Cowan strain and inter-
leukin-2 to induce antibody secretion. These data provide evidence for
at least two subsets of antibody-forming cells involved in the secondary
humoral response to a glycoconjugate vaccine in primed individuals. A
briefly circulating subset of B cells that spontaneously secrete immuno-
globulin G may be responsible for early defence against re-encountered
encapsulated bacteria. However, the kinetics of the appearance of these
cells may indicate that the humoral immune response is too slow in
defence against an organism that invades within days of acquisition. The
more sustained presence of a memory population may provide persistence
of antipolysaccharide antibody after a booster dose of vaccine and may
also include re-circulatory populations responsible for further anamnestic
responses.

Keywords: pneumococcal vaccine; memory B cells; B-cell subsets; anti-
body-forming cells; conjugate vaccine

thought to be T-cell independent type-2 (TI-2) antigens
that induce a short-lived rise in serum antibody follow-

Streptococcus pneumoniae is a major cause of serious dis-
ease including pneumonia and meningitis at the
extremes of age and is responsible for up to 1 million
deaths per year globally.'" The polysaccharide capsules
of the 90 pneumococcal serotypes are conventionally

ing vaccination and do not elicit immune memory. In
infants under the age of two, the TI-2 response is absent
as the splenic marginal zone is immature resulting in an
unsuitable environment for activation of marginal zone
B cells.” The need to provide protection in young

Abbreviations: AFC, antibody-forming cell; SAC, Staphylococcus aureus Cowan strain; TI, T-cell independent; TD, T-cell
dependent; MZB, marginal zone B-cell; Pnc7, heptavalent pneumococcal-CRM;o; conjugate vaccine; GMC, geometric mean

concentration.
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infants has led to the development of protein—polysac-
charide conjugate vaccines since polysaccharides can be
made immunogenic in infants by conjugation to a pro-
tein carrier that recruits CD4" T helper (Th) cells to
provide signals for differentiation of naive B cells into
plasma cells and memory B cells.” This T-cell dependent
(TD) response* involves germinal centre formation in
infants. Using this approach, a heptavalent, pneumococ-
cal glycoconjugate vaccine (Pnc7), which uses a mutant
diphtheria toxoid (CRMy;) as protein carrier, was
introduced for routine use in infants in the USA in
2000 and has had a dramatic impact on rates of disease
in early childhood.” This vaccine was introduced with a
three dose primary schedule at 2, 4 and 6 months of
age and a booster dose administered in the second year
of life and is to be included in the primary immuniza-
tion schedule in the UK during 2006.

Immunological memory, as determined by an anamne-
stic antibody response, has been demonstrated years after
priming with other conjugate vaccines and previously it
was argued that booster doses of conjugate vaccines were
not be required.® However, recent experience in the UK
with Haemophilus influenzae type b and serogroup C
meningococcal conjugate vaccines has shown that their
efficacy is not sustained after priming, in the absence of a
booster.”*

One explanation for the failure of immunological
memory to provide sustained protection is that the mem-
ory response is not quick enough to produce protective
antibody before invasive disease has occurred. We exam-
ined the kinetics of plasma and memory cells and anti-
body after a booster dose of the pneumococcal conjugate
vaccine in adults.

Materials and methods

Subjects and clinical procedures

Ten healthy adult volunteers (aged 28-44 years, three
male and seven female) received a primary dose of the
Pnc7 (Wyeth Vaccines, Pearl River, MA) by intramus-
cular injection in the left deltoid. The 0-5 ml dose of
the vaccine contained a concentration of polysaccharides
of 2-0 ug/ml for each of serotypes 4, 9V, 4, 18C, 19F,
23F and 4 pg/ml of 6B. Each polysaccharide is conju-
gated to CRM;y; (mutant diphtheria toxoid) and
adsorbed on aluminium phosphate. Blood was drawn
prior to vaccination and again 7 days later. Six of the
10 original volunteers received a booster dose of Pnc7,
12-18 months after the initial dose. Following booster
immunization 20 ml of venous blood was collected in a
heparin tube on days 0, 3, 5, 6, 7, 9, 11, 13, 15 from
two adults. The remaining four volunteers provided
blood samples on days 0, 6, 7, 15 and 4-6 weeks fol-
lowing vaccination.
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AFC kinetics in immunized adults

Informed consent was obtained from the volunteers
and the protocol was approved by the Oxfordshire’s
Research Ethics Committee (OxREC number C02.005).

Culture of peripheral blood mononuclear cells (PBMC)
for memory B-cell activation and expansion

PBMC were isolated from peripheral blood using density-
gradient centrifugation and cultured with (final well con-
centrations) Staphylococcus aureus Cowan strain (SAC) at
1 : 5000 dilution of the Pansorbin™ cell suspension (Cal-
biochem-Novabiochem, Nottingham, UK) and interleukin
(IL)-2 (Roche Diagnostics, Mannheim, Germany) at 50 U/ml,
for 5 days at 37 °C in 5% CO, and 95% humidity.

Antibodies

Enzyme-linked immunospot assay (ELISpot). The capture
antibody was polyvalent goat-antihuman immunoglobulin
(Caltag, H17000, Buckingham, UK).” The detection anti-
bodies were goat anti-human immunoglobulin G (IgG),
y-chain specific alkaline phosphatase conjugate (#401442),
goat anti-human IgA, o-chain specific-alkaline phospha-
tase conjugate (#401132), goat anti-human IgM, p-chain
specific alkaline phosphatase conjugate (#401902; Calbio-
chem-Novabiochem).

Flow cytometry. Fluorescein isothiocyanate (FITC)-labelled
anti-CD3, anti-CD27, anti-IgA; phycoerythrin (PE) labelled
anti-CD27, anti-CD38, anti-IgG, anti-IgD; peridinin chlo-
rophyll protein (PerCP) labelled anti-CD20 and BD-
Cy-chrome™ (PE-Cy5) labelled anti-IgM. Antibody
isotype controls used were BD SimulTest™-isotype control
(anti-IgG1-FITC plus anti-IgG2a—-PE) anti-IgG1-PerCP.
All antibodies for flow cytometry were obtained from BD
Biosciences Ltd (Oxford, UK), except for anti-IgA-FITC,
which was obtained from Calbiochem-Novabiochem.

Enzyme-linked immunosorbent assay antibodies. Goat anti-
human IgG (AHI0305), IgA (AHI0O105) and IgM
(AHI0605) all conjugated to alkaline phosphatase, were
obtained from Biosource (Camarillo, CA).

The ELISpot assay for the detection of antigen-specific
IgG, IgA and IgM antibody-forming cells (AFC)

Multiscreen™ hydrophobic polyvinylidene fluoride (PVDF)
membrane plates (Millipore, Watford, UK) were coated
with anti-IgG, tetanus toxoid, diphtheria toxoid (Statens
Seruminstitute, Copenhagen, Denmark) or pneumococcal
polysaccharides (4, 14, 23F, LGC Promochem, Tedding-
ton, UK) conjugated to methylated human serum albumin
(mHSA, National Instititute for Standards and Controls,
Potters Bar, UK)'" at 10 pg/ml in phosphate-buffered
saline (PBS) except tetanus toxoid and serotype 23F which
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were coated at 5 and 20 pg/ml, respectively. Because avail-
ability of PBMC was limited only three of the seven vac-
cine serotypes were studied. Washed B cells cells were
seeded at 200-2 x 10> cells per well on ELISpot plates,
previously blocked with 10% newborn calf serum (NBCS),
and incubated overnight at 37 °C in 5%CO, and 95%
humidity. The cells were washed with PBS-Tween and
bound IgG antibody detected using an alkaline phospha-
tase conjugate and AP-conjugate substrate kit (nitroblue
tetrazolium + 5-bromo-4-chloro-3-indolyl phosphate in
dimethylformamide; Bio-Rad Laboratories Hemel Hemp-
stead, UK) prior to counting using an AID ELISpot reader
ELRO02 and software version 3.2.3. (Cadama Medical Ltd,
Stourbridge, UK).

Separation of PBMC for the detection of
spontaneous, immunoglobulin-secreting cells by
ELISpot

On day 7 after vaccination PBMC were separated using an
AutoMACs™ cell separator (Miltenyi Biotec Ltd. Bisley,
UK) on the basis of CD20, CD27 or CD38 expression using
the microbeads as per the manufacturer’s instructions.

Flow cytometric phenotyping of the unseparated
and separated PBMC

Briefly, 5% 10° cells for each assay were incubated with
labelled antibodies for 15 min, in the dark, washed and
fixed with 1% paraformaldehyde. Analysis was performed
using a three colour BD FacSCAN™ and BD Cell-
Quest™ software version 3.1.

Detection of antipolysaccharide immunoglobulins

The World Health Organization standard protocol was
used for detection of human IgG, IgA and IgM antibodies
against S. pneumoniae capsular polysaccharides'' (http://
www.vaccine.uab.edu). In brief, plasma samples were pre-
absorbed with 10 pg/ml of cell wall polysaccharide (CPS;
Statens Seruminstitut) and 10 pg/ml of a non-vaccine-
related polysaccharide 22F (LGC; Promochem) The stand-
ard serum, 89SF (FDA) was used for the concentration
curve and control sera were obtained from NIBSC. Anti-
bodies specific for the capsular polysaccharides 4, 14 and
23F were detected using alkaline-phosphatase conjugates
and antibody concentrations were calculated in pg/ml
from a four point, sigmoidal plot using Revelation™ soft-
ware (ThermoLabs Inc.).

Statistics

Comparison between individuals and time points was car-
ried out using the Wilcoxon Signed Rank test and SPSS
v. 12.
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Results

The frequency of spontaneous IgG secretion by
ex-vivo, antigen specific-AFC, isolated from adult
donor PBMC during 15 days post booster
immunization of adults with Pnc7

Spontaneously secreting IgG-AFC appeared in peripheral
blood between days 5 and 15 (Fig. 1) after immunization.
The magnitude and rate of decline in frequency was vari-
able between individuals and for each antigen, while the
peak response occurred consistently on days 6-7 (Fig. 2)
(P < 0.05). There were no detectable alterations in the
frequency of tetanus toxoid specific IgG-AFC, except for
two individuals, in whom there was a rise at day 6-7
(Fig. 1a and Fig. 2a).

The phenotype of B cells involved in the IgG-AFC
response after a booster Pnc7 immunization

On the peak day of the AFC response (Fig. 3a), IgG-AFC
specific for the capsular polysaccharides were present in
both the CD20" and CD20~ fractions of the PBMC popu-
lation, although they were more frequent in the CD20"
fraction. There was almost a complete absence of IgG-AFC
within the CD27" and CD38" fractions with all AFC activ-
ity appearing within the CD27" and CD38" fractions.
Tetanus toxoid-specific IgG-AFC were present in the
unseparated fraction, but became undetectable in this assay
following sorting. Diphtheria-specific IgG-AFC showed
the same distribution of phenotype as polysaccharide
specific cells (CD20"~, CD27" and CD38").

The percentage of 1gG, IgM and IgD positive cells was
higher in the non-secreting, CD27" fraction than in the
CD27" fraction (Fig. 3b). The CD27™ B cells in all of the
fractions expressed far more immunoglobulin on their
surface than did the memory, CD27" B cells (Fig. 3c).
The CD20" CD27" B cells had higher expression of
immunoglobulin than any of the other CD27" popula-
tions. The fractions that had AFC activity (CD27%,
CD20™" and CD38") had lower surface expression of
immunoglobulin than the non-secreting fractions.

Frequency of SAC + IL-2-induced IgG-AFC during
the 4-6 weeks post booster immunization of adults
with Pnc7

The frequency of SAC + IL-2-induced tetanus-specific
IgG-AFC rose in all individuals except one, following
Pnc7 immunization and remained elevated at days 28-42
post vaccination, although the peak in frequency varied
(Fig. 4a) Diphtheria-specific IgG-AFC induced by SAC +
IL-2 were at the limit of detection of this assay at day 0
but rose to a peak at day 6, for all but one individual,
where the rise in the frequency was delayed until day 15.

© 2006 Blackwell Publishing Ltd, Immunology, 119, 328-337
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Figure 1. The kinetics of the appearance of spontaneously secreting, IgG-AFC in peripheral blood of two adult volunteers after a booster immun-
ization with a pneumococcal conjugate vaccine (Pnc7), 1 year after a primary dose. The IgG-AFC specific for tetanus toxoid (a) diphtheria toxoid
(b) serotype-4 (c) serotype-14 (d) and serotype 23F (e) enumerated by ELISpot are shown. The data are expressed as the number of antigen

specific IgG-AFC per million PBMC.

Diphtheria-specific IgG-AFC declined after day 15 but
remained detectable even at days 28—42, in all but one vol-
unteer (Fig. 4b) The IgG-AFC response to the pneumo-
coccal capsular polysaccharides also demonstrated more
of a plateau than seen in the ex-vivo response. At day 0
(12-18 months post primary immunization) cultured
IgG-AFC were detectable for all serotypes with serotype
23F > 14 > 4 (Fig. 4d—e) At day 6, post immunization
there were equal numbers of responders and non-respond-
ers to serotype-14 following booster Pnc7 administration
but there was a significant rise in both serotype 4 and 23F
memory cells. This response had fallen below baseline by

© 2006 Blackwell Publishing Ltd, Immunology, 119, 328-337

day 15 for all vaccinees except two (Fig. 4d) Most individ-
uals responded with an increase in frequency of serotype-4
and 23F specific IgG-AFC (Fig. 4c and e).

Determination of plasma IgG, IgA and IgM
concentrations following a primary dose of Pnc7
immunization

There were significant increases in the geometric mean
concentration (GMC) of IgG, IgA and IgM in response
to serotype 4 by day 7 following a single dose of Pnc7
(P = 0.0004, 0.0001 and 0.0022, respectively, Fig. 5a) This
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Figure 2. The kinetics of IgG secreting plasma cells isolated from the
peripheral blood of six adults following a booster dose of a pneumo-
coccal conjugate vaccine (Pnc7), one year after a primary dose. IgG-
AFC were enumerated by ELISPOT specific for tetanus toxoid (a)
diphtheria toxoid (b) serotype 4 (c) serotype 14 (d) and serotype
23F (e) were enumerated by ELISpot. The box represents the 25th
and 75th quartiles and the whiskers are the outliers. Extreme out-
liers are represented by (%, higher or O, lower with numbers repre-
senting the individual subject in the data set. i.e. 3 = individual 3).
(**P < 0-05, *P = 0-08).

was also the case for serotype 23F (P = 0.0004, 0.0002
and 0.0039, Fig. 5¢) Serotype-14 induced significant
increases in IgG and IgA (P = 0.03 and 0.015, Fig. 5b)
but the prevaccination antibody levels against this sero-
type were already higher than those for serotype 23F and
serotype 4 (IgG GMC: 4.80, 0.81 and 0.14 pg/ml, respect-
ively, and IgA GMC: 0.23, 0.07, 0.07 pg/ml, respectively.)
The magnitude of the IgG response to serotype 4 was
much lower than that for 14 and 23F (Fig. 5).

Determination of plasma IgG, IgA and IgM
concentrations following a booster dose of Pnc7,
12-18 months post primary immunization (Fig. 5a—c)

Prior to administration of the booster dose, IgG, IgA and
IgM concentrations for serotype 4 and 23F had declined
almost to prevaccination levels. However, the IgG GMCs
were still above 0.20 pg/ml for all three serotypes. The
booster response peaked by day 15 after immunization
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and was maintained to 28-42 days for IgG, IgA and IgM
to all three serotypes (Fig. 5a—c). Serotype 4 induced
slightly higher levels of IgG following Pnc7 boost (GMC:
291 pg/ml versus 2.43 pg/ml) while levels of IgA and
IgM were lower than after primary immunization (IgA
GMC: 1.79 pg/ml versus 3.97 pg/ml and IgM GMC:
0.63 png/ml versus 1.10 pg/ml) There was no significant
IgA or IgM response to boosting of the serotype 14
response, while 23F induced a small, but significant
increase in IgA and IgM, no higher than seen following
the first dose.

Discussion

This study provides the first description of the peripheral
blood kinetics and phenotype of populations of B cells
appearing after immunization of adults with a booster
dose of a pneumococcal glycoconjugate vaccine. B cells
that spontaneously secrete antibody ex vivo appear briefly
in peripheral blood, peaking on day 7 following immun-
ization with the rise above baseline occurring at only 4—
5 days after immunization, highlighting the slow response
time of the secondary immune response. These cells
are of two phenotypes (CD20" CD38" CD27" or CD20~
CD38" CD27") and both of these subsets have low sur-
face immunoglobulin expression, with IgM* and IgD*
cells being most prominent in the secreting cell fractions
and are phenotypically plasma cells. Furthermore, the
appearance of these antibody secreting cells is accompan-
ied by a more sustained, though lower magnitude, rise in
appearance of a non-immunoglobulin secreting B-cell
subset in the peripheral blood that have the in vitro char-
acteristics of memory B cells.

Plasma cells appeared by day 5 and peaked at days
6-7 following booster immunization, but had fallen to un-
detectable levels by day 15. Both polysaccharide-specific
and diphtheria (a conventional T-dependent antigen)-
specific B cells showed the same kinetics. There was a
simultaneous rise in serum anticapsular IgG, IgA and IgM
antibodies from day 6 following the administration of the
booster dose with a peak by day 15. We did not study the
plasma cell response following the primary immunization
of our volunteers; however, similar kinetics have been des-
cribed following primary immunization of toddlers and
adults with Pnc7 or 23-valent pneumococcal polysaccha-
ride vaccine'? and mice.”” A single dose of a 14-valent
pneumococcal polysaccharide vaccine led to a peak in cell
supernatant antipolysaccharide (Ps) antibody of all iso-
types by day 8. This was followed by a peak in serum
anti-Ps antibody by day 14."* The reproducibility of the
kinetics in circulating antigen-specific AFC and serum
antibody between different individuals in this and other
studies suggests that these responses are a programmed
physiological response to immunization. Because organ-
isms like pneumococci are carried in the nasopharynx, it is
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Figure 3. The phenotype of the IgG-AFC isolated on day 7 after a booster dose of pneumococcal conjugate vaccine (Pnc7), 1 year after a primary
dose. (a) PBMCs were separated, using magnetic beads, on the basis of CD20, CD27 or CD38 expression. The purity of the sorted fractions were
as follows: CD27+ = 89% (77-97%); CD27" = 97% (94-98%); CD38" = 79% (70-88%); CD38™ = 65% (61-70%); CD20" = 72% (71-74%);
CD20™ = 93% (92-94%). Anti-diphtheria toxoid, pneumococcal polysaccharide (serotypes 4, 14 and 23F) and tetanus toxoid IgG-AFC were
detected by ELISpot from the positive and negative fractions. The data represents the mean and standard error from three individuals. The
expression of immunoglobulin and CD27 on B cells within each fraction was determined by flow cytometry (b, ¢, representative data from one
donor of three tested.) The lymphocytes were gated on the basis of side scatter versus forward scatter (R1). The presence or absence of CD27
was then assessed (R2 and R3) The expression of immunoglobulin within R2 and R3 was then determined for each fraction.

not clear whether primary immunization of adults with cific, memory B cells'” in a germinal centre and T-cell
the vaccine results in stimulation of naive B cells or cells independent fashion. By 6-7 days after immunization
that had been previously primed through nasopharyngeal there is a rapid efflux of antigen-specific AFC into the
exposure to the organism. Other published data indicate peripheral blood®® the spontaneously secreting B cells
that these responses are not limited to Pnc7 as the appear- being identified in our ex-vivo assay. It is also possible
ance of antigen specific, spontaneously secreting B cells in that, at least some, of these cells are derived from naive
the peripheral blood, at days 5-8 after immunization, have antigen-specific B cells.”!
been described after immunization with tetanus, influenza After administration of a booster dose of Pnc7 serotype
and pneumococcal vaccines.'>'>'® The time from 14 and 23F specific AFCs could be detected in an ELISpot
immunization to the production of these effector B cells assay after in vitro culture but the frequencies of the anti-
indicates that, in the absence of a sustained protective gen specific AFC had returned to almost prebooster levels
antibody concentration, there is a window of several days by 1 month. In-vitro stimulation through the B-cell recep-
in which invasive bacteria could cause disease even in a tor (BCR) with SAC (which cross-links the BCR) and
primed individual. activation of costimulatory molecules (IL-2 in our assay
In our study the spontaneously secreting, antigen-speci- which stimulates proliferation of activated B cells and T
fic AFC seen in peripheral blood are probably derived cells present in PBMC cultures) provides the signals
from memory cells residing in secondary lymphoid tis- necessary for the expansion of these antigen specific
sues after primary immunizations. Booster immunization memory B-cell populations, facilitating their detection by
induces activation and rapid proliferation of vaccine spe- ELISpot.”> Our observations suggest that memory B cells

© 2006 Blackwell Publishing Ltd, /mmunology, 119, 328-337 333
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Figure 4. The frequency of IgG-producing B cells (presumed mem-
ory population) isolated from the peripheral blood of six adults fol-
lowing a booster dose of pneumococcal conjugate vaccine (Pnc7),
1 year after a primary dose and stimulated in vitro. IgG-AFC specific
for tetanus toxoid (a) diphtheria toxoid (b) pneumococcal serotype
4 (c) serotype 14 (d) and serotype 23F (e) were enumerated by
ELISpot. (**P = < 0-05, *P = 0-08). Box represents the 25th and
75th quartiles and the whiskers represent the outliers.

induced by the primary immunization 12-18 months ear-
lier were mobilized to circulate in peripheral blood fol-
lowing the booster dose of Pnc7. Alternatively, these cells
may represent newly formed memory B cells stimulated
by exposure of naive B cells to the conjugate vaccine. In
this study we could detect these cells at a rate of 0-0.01/
1000 PBMC at day 0 and 0.02-0.05/1000 PBMC at day 6.

The hypothesis that these antibody secretion-inducible
cells are memory B cells is supported by previous studies
showing that it is necessary to stimulate PBMC in vitro to
detect pre-existing, re-circulating memory cells.”> ELISpot
analysis of AFC ex-vivo only allowed detection of fully
differentiated plasma cells already secreting antigen-speci-
fic antibody.>* Pre-existing, mature plasma cells only
survive in culture for up to 48 hr and after 5 days stimu-
lation with SAC + IL-2, only those B cells entering cul-
ture as memory B cells or preplasma cells remain.*
Analysis of B-cell division by flow cytometry and car-
boxy-fluorescein diacetate, succinimidyl ester (CFSE)
labelling has shown that five days of in-vitro stimulation
is long enough for the cells to undergo at least four divi-
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Figure 5. The anticapsular antibody concentrations in plasma from
adults following both a primary and booster dose of Pnc7 (1 year
after a primary dose). Ten adult volunteers received a dose of Pnc7
and blood was drawn prior to and 7 days after immunization. Six of
the adults received a booster dose 12—-18 months later. Antipolysac-
charide IgG (solid line) IgA (dashed line) and IgM (dotted line) were
measured for serotypes 4 (a) 14 (b) and 23F (c). Data represent the
GMC with 95% confidence intervals.

sion cycles and that this number of division cycles is
necessary for antibody secretion.'” This system prefer-
entially activates memory B cells,**” and induces IgM
memory B cells (CD27" IgM* IgD™) to secrete IgM and
IgG, while class switched memory B cells (CD27*
IgM™ IgD") will secrete IgG and IgA.*® The SAC + IL-2
system probably induces a mixture of pre-existing mem-
ory B cells and newly generated precursor plasma cells to
secrete antibody. Migration of the precursor plasma cells
occurs over a limited period before they become resident
in the bone marrow, and this may explain the observed
peaks in SAC + IL-2 induced cells at days 6-7 and the

© 2006 Blackwell Publishing Ltd, Immunology, 119, 328-337



return to prebooster levels of detectable AFC at 4—6 weeks
post immunization.

To provide sustained protection through antibody it
may be necessary for these cells to ‘turn over’ and differ-
entiate into plasma cells. We included tetanus toxoid
(TT) in our memory B-cell system as a non-vaccine-rela-
ted control and found that Pnc7 immunization appeared
to induce increased frequencies of TT-specific IgG-AFC
in addition to the vaccine specific B-cell responses. The
appearance of AFC of unrelated specificities in the per-
ipheral blood may be caused by the displacement
of long-lived plasma cells from the bone marrow or
bystander activation of B-cells during an immune
response.zs‘zgf31

In our study the antipneumococcal polysaccharide
serum antibody concentrations rose after primary
immunization and remained above baseline before rising
again after secondary immunization. The kinetics to day
7 were similar for both the primary and booster immuni-
zations, perhaps supporting our view that these adults
may have been primed by prior nasopharyngeal carriage.
We cannot be sure of the kinetics of the response beyond
day 7 following primary immunization but the antibody
levels had declined somewhat by the time of the booster
dose. The process behind maintenance of serum antibody
is poorly understood. Three mechanisms have been sug-
gested for: the long-term maintenance of protective anti-
body levels;® presence of long-lived plasma cells;>**
bystander or polyclonal activation of B cells;”’ and re-
stimulation of memory B cells by antigen persisting on
follicular dendritic cells.”®

An alternative explanation in the case of pneumococcal
antibody may be exposure to the organism through naso-
pharyngeal colonization. Nasopharyngeal carriage of
pneumococci was not investigated during this study but
previous epidemiological studies, including one carried
out in Oxford children, showed that 23F was among the
most commonly detected serotype among nasopharyngeal
isolates, while serotype 4 was the rarest and 14 was detec-
ted at an intermediate rate.’*® Similar observations were
made in a multinational epidemiological study of pneumo-
coccal disease and carriage rates.”® It is possible, therefore,
that frequent exposure to serotypes 14 and 23F, via naso-
pharyngeal carriage has helped to boost the AFC and
antibody responses seen for 14 and 23F polysaccharides,
leading to a predominantly IgG mediated response caused
by memory B-cell formation in exposed individuals. Con-
versely, little or no exposure to the infrequently colon-
izing serotype 4 means that a more naive response is
generated following immunization. This view is supported
by our study in which the serotype 4 response did not
improve in magnitude following the booster dose,
although there was a switch to a more predominantly IgG
response. In addition, IgA and IgM were more apparent
in the type 4 response than in the immune response to
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type 14 or 23F polysaccharides. These differences in the
level of antibody and response to immunization are also
reflected in higher rates of invasive pneumococcal disease
caused by this serotype.

The plasma cell population in the peripheral blood on
day 7 following immunization included two subpopu-
lations, CD20" CD27* CD38" Ig"® and CD20~ CD27"
CD38" Ig"°. The CD20™ cells are probably terminally dif-
ferentiated plasma cells expressing high (hi) levels of
CD27 and CD38 with concomitant down regulation of
CD20 and surface immunoglobulin.*****' The CD20"
subset represents intermediate plasmablasts with a more
germinal centre phenotype, that are present in the periph-
eral blood and able to secrete antibody.?"** The identifi-
cation of the CD20" subset as a plasmablast population
was further confirmed by the low level, surface expression
of immunoglobulin.

A memory B-cell compartment identified by CD27"~
IgM" IgD" expression has been identified as circulating
marginal zone B cells (MZB).*> These cells express a sim-
ilar phenotype of IgM™ IgD' CD21™ CD23", in the
spleen and peripheral blood of humans and mice**** and
may be particularly important in B-cell responses to poly-
saccharide antigens. We have identified a population of B
cells in our day 7 spontaneously secreting AFC fractions
that express CD27" IgM™* IgD" that may be derived from
such an MZB subset (Fig. 3c). These cells may represent
an important component of innate defence against poly-
saccharide encapsulated bacteria, by secreting large
amounts of IgM antibody followed by rapid class-switch-
ing to IgG.*>

The importance of the splenic marginal zone for the
formation of polysaccharide reactive plasma cells may
explain the high risk of invasive pneumococcal disease in
infants, who have immature splenic marginal zones.*’
Conversely, the superior efficacy of glycoconjugates over
purified polysaccharide vaccines in this age group arises
from the formation of germinal centers as a result of T
cells that are activated by processing of the carrier protein
without the need for involvement of MZB cells. However,
it is claimed that the MZB cells are involved in the
immune response to both conjugates and polysaccharide
vaccines once the splenic marginal zone is formed (over
2 years of age), an idea which gains some support from
our observation that plasma cells detected in these studies
had some characteristics of MZB.***®

There was considerable variability in the magnitude of
the response against each antigen in a given individual
and between subjects. This was true for plasma cells,
memory B cells and serum antibody concentrations. In
our study, the immunogenicity of serotype 23F, as meas-
ured by ex-vivo AFC frequency, was greater than that of
serotype 4, and similar observations have been made for
antibody concentrations.”’”~** This variation may result
from induction of differing cytokine profiles within the
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germinal centres,” genetic factors, or biochemical differ-
ences in the polysaccharides,” or previous exposure to
the organism through nasopharyngeal colonization.

The response to a booster dose of Pnc7 is marked by
the generation of plasma cells that peaks at days 67 after
immunization and is accompanied by an increase in the
circulation of memory B cells. The responding AFC pop-
ulation includes a switched memory B-cell derived subset
and a CD27" IgD* IgM" subset that resembles the MZB
phenotype. These cells are critical in protection against
polysaccharide-encapsulated pathogens such as S. pneu-
moniae. It is anticipated that primary immunization of
babies in the UK, following introduction of the vaccine
during 2006, will induce the same B-cell responses as seen
here in adults. If responses are similar in this age group,
the planned introduction of a booster dose in the second
year of life will maintain a pool of differentiated anti-
body secreting cells that may be the key to sustained
protection.
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