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Introduction

Summary

The induction of persistent protective levels of pathogen-specific antibody
is an important goal of immunization against childhood infections. How-
ever, antibody persistence is poor after immunization in infancy versus
later in life. Serogroup C meningococci (MenC) are an important cause of
bacteraemia and meningitis in children. The use of protein—polysaccharide
conjugate vaccines against MenC has been associated with a significant
decline in the incidence of invasive disease. However, vaccine effectiveness
is negligible by more than 1 year after a three-dose priming series in
infancy and corresponds to a rapid decline in antibody following an initial
immune response. The cellular mechanisms underlying the generation of
persistent antibody in this age group are unclear. An essential prelude to
larger studies of peripheral blood B cells is an understanding of B-cell
kinetics following immunization. We measured MenC- and diphtheria-
specific plasma and memory B-cell kinetics in infants receiving a CRM,y;,
(cross-reactive material; mutant diphtheria toxoid)-conjugated MenC
vaccine at 2, 3 and 4 months of age. Plasma cell responses were more
delayed after the first dose when compared with the rapid appearance of
plasma cells after the third dose. Memory B cells were detectable at all time-
points following the third dose as opposed to the low frequency seen follow-
ing a first dose. This study provides data on B-cell kinetics following a
primary schedule of immunization in young infants upon which to base
further studies of the underlying cellular mechanism of humoral immunity.
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against this organism.””” However, serogroup C meningo-
coccal polysaccharide (MenCPS)-specific antibody con-

Two-thirds of deaths in children under 5 years of age can
be attributed to infectious diseases, many of which can be
prevented by routine infant immunization. For a vaccine
to provide protection throughout childhood, the induc-
tion and persistence of pathogen-specific antibody is
essential. Although antibody may persist for many years
following immunization of adults and older children, the
level wanes more rapidly after infant immunization. The
mechanisms behind the persistence of antibody are not
well understood.'™

Neisseria meningitidis is an important cause of bacterial
meningitis and septicaemia in children. Serogroups A, B,
C, W135 and Y cause most disease.? Infant immunization
with serogroup C meningococcal polysaccharide—protein
conjugate (MenCC) vaccines induces protective antibody

centrations decline in the months following a three-dose
primary series of infant immunization despite evidence of
immunological memory.>®® This fall in antibody corre-
sponds to a loss of vaccine effectiveness more than 1 year
after immunization.” Neisseria meningitidis has the poten-
tial, in some cases, to cause invasive disease shortly after
its acquisition in the nasopahrynx.'® In such cases pre-
existing serum antibody may be important for protection
against an invading organism prior to the mounting of
secondary antibody responses. Antibody persistence is
thought to be determined by long-lived plasma and mem-
ory B cells.""™"* Following immunization with a T-depen-
dent antigen, naive B cells enter the germinal centre
reaction in secondary lymphoid tissues. During this reac-
tion, B cells undergo several rounds of proliferation
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together with somatic hypermutation of the immunoglob-
ulin genes followed by selection of B-cell clones of
increasing avidity.'* The germinal centre is able to pro-
duce both plasma and memory B cells. The plasma cells
then migrate to the bone marrow where they continue to
secrete antibody. Studies in infant and adult rats given
tetanus toxoid (TT) vaccine indicate that the poorer per-
sistence of TT antibody in infants is attributable to a
reduced capacity to retain long-lived plasma cells in bone
marrow compared with adults.">'® In mice the transfer of
plasma cells in the absence of memory B cells results in a
gradual decline in antibody levels in subsequent weeks,
indicating a role for the memory B cells in renewing the
plasma cell population in the long term."”> A similar
dependence of antibody on memory B cells can be seen
in humans treated with an anti-CD20 monoclonal anti-
body (rituximab) for a variety of inflammatory condi-
tions.'”'® The anti-CD20 monoclonal antibody causes
apoptosis of CD20-positive B cells, resulting in a deple-
tion of memory B cells but the survival of plasma cells,
which are CD20 negative. A decline in antibody levels is
seen in the weeks following rituximab treatment as
plasma cells die and cannot be replenished because of the
absence of a memory B-cell population.

In humans it is difficult to access plasma and memory B
cells in the lymphoid tissue and bone marrow. Most studies
are undertaken on peripheral blood and used to infer what
is occurring in these other tissues. Following immunization
there are rapid changes in the frequency of plasma and
memory B-cell populations in peripheral blood as these
cells move from the tissue where they are produced to other
sites in the body. The transit of these cell populations
through peripheral blood following immunization may
allow a more accurate estimation of the frequency of
such cells in other tissues. However, the design and
interpretation of such studies require an understanding of
the kinetics of B-cell populations in peripheral blood. No
such data are currently available for infants at the age at
which the primary immunization schedule is given.

We have determined the kinetics of plasma and mem-
ory B cells following CRM,y; (cross-reactive material;
mutant diphtheria toxoid)-conjugated MenC polysaccha-
ride vaccine given to infants as a primary course of
immunization. MenC and CRM;y; plasma and memory
B-cell responses were measured following the first and
third doses of the MenCC vaccine.

Materials and methods

Study participants

Two-month-old healthy infants were assigned to one of 15
groups to allow blood sampling on various days following
administration of the first and third doses of routine
immunizations (including MenCC) at 2 and 4 months of
age (Table 1). Blood samples were also obtained from all
children at day 30 after the third immunization. Ethical
approval was obtained from the Oxfordshire Research
Ethics Committee (OXxREC number 04.0xA.030) and
informed parental consent obtained. The trial is registered
with clinicaltrials.gov (identifier NCT00262015). In order
to measure antibody persistence, a further blood sample
was obtained at 1 year of age as part of a follow-up study
of the response to a booster dose of MenCC (OxREC
number 06/Q1604/41)."°

Vaccines and blood sampling

All infants received routine vaccines in accordance with
the UK schedule of immunization at the time of the study
(Table 1). This consisted of diptheria, tetanus, acellular
pertussis, Haemophilus influenzae type b and inactivated
poliomyelitis as a combination vaccine (Pediacel®; Sanofi
Pasteur MSD Ltd., Maidenhead, UK) and a CRM;
(mutant diphtheria toxoid)-conjugated MenC vaccine
(Menjugate®; Novartis Vaccines, Sienna, Italy) each given
at 2, 3 and 4 months of age. All vaccines were adminis-
tered using a 23-gauge, 25-mm needle. At each time-

Table 1. The schedule of immunization in relation to the blood sampling time-points

Age 2 months 3 months 4 months 5 months
Immunization given DTaP-IPV-Hib + MenCC DTaP-IPV-Hib + MenCC DTaP-IPV-Hib + MenCC
Day of blood drawing
post-immunization
Group 1 (n = 40) One of days 4, 6, 8, 10, 12, No samples No samples Day 30
14, 16 or 30
Group 2 (n = 35) No samples No samples One of days 4, 6, 8, 10, 12, Day 30

14 or 16

Each individual in either group had blood taken at two time-points as indicated by the grey boxes. For all individuals one of these time-points

was at 5 months.

DTaP-IPV-Hib, combination vaccine containing diphtheria, tetanus, acellular pertussis, inactivated poliomyelitis and Haemophilus influenzae type

b vaccine; MenCC, CRMo; (cross-reactive material; mutant diphtheria toxoid)-conjugated serogroup C meningococcal polysaccharide vaccine.
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point a maximum of 5-6 ml of blood was taken by vene-
puncture into heparinized tubes.

Serogroup C meningococcal polysaccharide enzyme-linked
immunosorbent assay (ELISA)

Serum was separated from a maximum of 1 ml of blood
and frozen at —80° prior to testing for MenC poly-
saccharide-specific immunoglobulin G (IgG) antibody con-
centration using standard ELISA methods described
previously.*

Preparation of peripheral blood mononuclear cells
(PBMCs)

A maximum volume of 4-5 ml of heparinized blood was
available for the separation of PBMCs. The blood was
diluted 1:2 with RPMI-1640 medium (Sigma-Aldrich,
Poole, UK) to which penicillin—streptomycin solution
(Sigma-Aldrich) and r-glutamine 200 mwm (Sigma-Aldrich)
had been added at a dilution of 1: 100 (‘complete med-
ium’). The PBMCs were then separated by density gradi-
ent centrifugation over Lymphoprep (Axis-Shield; PoC
As, Oslo, Norway). PBMCs were washed once in com-
plete medium prior to further preparation for enzyme-
linked immunosorbent spot-forming cell assay (ELISPOT)
or cell culture.

Preparation of ELISPOT plates

MultiScreenTM-IP 96-well filter plates (Millipore, Bed-
ford, MA) were coated with either 5 pg/ml MenC poly-
saccharide [National Institute for Biological Standards
and Controls (NIBSC), Hertfordshire, UK] conjugated to
methylated human albumin (NIBSC) or 10 pg/ml diph-
theria toxoid (Statens Serum Institut, Copenhagen,
Denmark) in sterile phosphate-buffered saline (PBS). PBS
alone was added to the antigen blank wells. The ELISPOT
plates were stored at 4° until use.

Detection of plasma cells

PBMC:s prepared from peripheral blood were washed three
times in complete medium with 10% fetal calf serum
(Sigma-Aldrich) and re-suspended to a final concentration
of 2 x 10° PBMCs/ml. Then 100 pl/well of the suspension
was added to ELISPOT plates, coated with antigen as
described above, and incubated overnight at 37° in 5%
CO,. Antibody-secreting cells (ASCs) were detected with a
1 : 5000 dilution of goat anti-human IgG y-chain-specific
alkaline phosphatase conjugate (Calbiochem, San Diego,
CA) in complete medium with 10% fetal calf serum, devel-
oped using 5-bromo-4-chloro-3-indolyl phosphate in
nitroblue tetrazolium dissolved in aqueous dimethylforma-
mide (Bio-Rad Laboratories, Hemel Hempstead, UK).

Detection of memory B cells

PBMCs prepared from peripheral blood were re-sus-
pended in complete medium with 10% fetal calf serum
(Sigma-Aldrich) at a final concentration of 2 X
10° PBMCs/ml. Two hundred microlitres was added to
96-well round-bottomed culture plates (Costar® 3799;
Corning Life Sciences, Schiphol-Rijk, the Netherlands)
with 1/10 000 Staphylococcus aureus Cowan (Calbiochem),
83 ng/ml poke weed mitogen (Sigma-Aldrich) and
2:5 pg/ml  CpG (phosphorothioated TCG-TCG-TTT-
TGT-CGT-TTT-GTC-GTT; Autogen-Bioclear UK Ltd,
Calne, UK). The cells were incubated at 37° in 5% CO,
for 5-5-6-5 days before being re-suspended and washed
four times in complete medium with 10% fetal calf
serum. The cultured cells were plated onto pre-coated
ELISPOT plates at 2 x 10° cells/well and then incubated
and developed as described for plasma cells. For each
individual assay at least five wells were used for MenC
and at least two wells for other antigens.

ELISPOT counting

Spots were counted using an AID ELISpot reader ELR02
and software version 3.2.3 (Cadama Medical Ltd, Stour-
bridge, UK). Identical settings were used for all plates and
antigens, and the operator was blinded to the sample
being counted.

Sample size calculation

The sample size for the study was calculated on the
assumption that B cells would be detectable between 4 and
16 days post-vaccination and would be present for a
minimum of 48 hr in any individual. We assumed a priori
an equal probability of B cells being detectable on any
given day and calculated that recruiting five individuals
for sampling at each of seven time-points from day 14 to
16 would give a greater than 96% chance of detecting at
least two positive individuals for the time-point at which
the cells appeared in the peripheral circulation.

Statistical analysis

For the purposes of analysis, ELISPOT assays in which
less than four spots were detected were treated as having
zero ASCs detected. Hence for MenCPS-specific B-cell
assays in which at least five wells of 2 x 10° lymphocytes
from culture were put on the detection plate, the mini-
mum sensitivity of the assay was 0-8 ASCs per 2 x 10°
lymphocytes from culture. For diphtheria-specific B cells
where at least two wells of 2 x 10° lymphocytes were
assayed the minimum sensitivity of the assay was 2 ASCs
per 2 X 10° lymphocytes from culture. Any assay in which
the antigen blank wells contained > 2 ASCs per 2 x 10°
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lymphocytes was rejected. All data were entered into
EXCEL (Microsoft, Redmond, WA). Statistical analysis
was undertaken using stata (version 9.1; StataCorp, Col-
lege Station, TX). For B-cell numbers at each time-point
medians were calculated as for most time-points there
were less than five data points available for analysis.

Results

Enrolment and sample availability

Seventy-five infants (34 female) were enrolled at
2 months of age and received a total of three doses of
MenCC vaccine given at 2, 3 and 4 months of age.
Because of the limitations in blood sample volume,
plasma cell ELISPOTs were performed using cells from 33
infants 4-30 days after the first immunization and 29
infants 4-16 days after the third immunization. Memory
B-cell ELISPOTs were performed on 31 infants 4-30 days
after the first immunization and 17 infants 4-16 days
after the third immunization. At the final time-point,
30 days after the third dose of vaccine, plasma cells were
assayed from 19 infants and memory cells from 47
infants. The median age of infants at the time of first
immunization was 8 completed weeks (range 7-10 weeks)
and at the time of the third immunization the median
age was 18 completed weeks (range 15-22 weeks).

Plasma cells

After the 2-month immunization the cell frequencies were
close to the limit of detection of the assay. Between days
8 and 16 after the 2-month immunization eight of 20
individuals had detectable MenCPS specific ASCs (Fig. 1).
Both the greatest proportion of responders and the high-
est magnitude of an individual response occurred on day
10 (three of four individuals and 3-8 MenCPS specific
ASCs per 2 x 10> PBMCs, respectively). There were no
individuals with MenCPS specific ASCs by day 30. No
individuals had a diphtheria-specific plasma cell response
at any of the time-points studied. The MenCPS specific
plasma cell assay was of greater sensitivity than the diph-
theria assay (mean sensitivity 0-7 versus 2-0 ASCs per
2 x 10> PBMCs, respectively) as a result of the greater
number of PBMCs prioritized for use in the MenC assay.

The MenCPS specific plasma cell responses after the
third immunization at 4 months of age were markedly
greater and earlier than those following the first immuni-
zation at 2 months of age. The greatest magnitude of any
individual response was seen for both MenC (10 ASCs
per 2 x 10° cultured lymphocytes) and diphtheria (20
ASCs per 2 x 10° cultured lymphocytes) on day 4 after
immunization. This was the first day after immunization
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Figure 1. Serogroup C meningococcal (MenC) polysaccharide-
specific plasma cell frequencies after the first dose (2 months of age)
and MenC polysaccharide- and diphtheria-specific plasma cell
frequencies after the third dose (4 months of age) of MenC polysac-
charide/CRMy; (cross-reactive material; mutant diphtheria toxoid)-
conjugated vaccine given as part of a 2-, 3- and 4-month schedule of
infant immunization. MenC polysaccharide-specific plasma cell
frequencies are shown in (a) for the 2-month dose and (b) for the
4-month dose. Diphtheria-specific plasma cell frequencies are shown
in (c) for the 4-month dose. Each point represents one individual
and lymphocytes from different individuals were used for each time-
point. The bars indicate median values. ASCs, antibody-secreting
cells; PBMCs, peripheral blood mononuclear cells.
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that blood was taken. After day 4 the ASC frequency and
the proportion of children with any detectable ASCs
declined such that after day 12 only one individual had
any antigen-specific plasma cells detected. The MenCPS-
and diphtheria-specific responses appeared to be very
similar in both timing and magnitude.

Memory B cells

After the first immunization at 2 months of age, the cell
frequencies were generally low in relation to the sensitivity
of the assay. Memory B-cell responses were not detected
until day 14 (Fig. 2). For MenCPS-specific memory B
cells, three of eight individuals had detectable cells on days
14 and 16 and a further two of five individuals by day 30.
Both the highest proportion of responders and the highest
magnitude of individual response occurred on the same
day, day 16 (two of three individuals and 1-6 MenCPS
specific ASCs per 2 x 10° cultured lymphocytes, respec-
tively). For diphtheria no individuals had detectable mem-
ory cells at any time-point after the first immunization at
2 months of age. The MenCPS specific memory B-cell
assay was more sensitive than that for diphtheria (mean of
0-5 versus 2-0 ASCs per 2 x 10° cultured lymphocytes,
respectively) because of the greater number of cultured
lymphocytes prioritized for use in the MenC assay.
Following the third immunization at 4 months of age,
memory B-cell responses for both MenCPS and diphthe-
ria were detectable at all time-points tested up to and
including day 30 (Fig. 2). The study was powered to
detect the presence or absence of a B-cell response and
not to detect differences in magnitude between responses
on any two pairs of days. Hence, as memory B-cell
responses were present at all time-points, it was not pos-
sible to demonstrate any changes in memory B-cell fre-
quencies after the third vaccine dose. At day 30 the
median MenCPS specific memory B-cell response was 2-5
ASCs per 2 x 10 cultured lymphocytes and that for diph-
theria was 2-8 ASCs per 2 X 10° cultured lymphocytes.

MenC polysaccharide-specific antibody responses

The MenCPS specific geometric mean antibody concen-
tration at 5 months of age (1 month after the third dose
of vaccine) was 18-7 pg/ml [95% confidence interval (CI)
15-9-21-9 pg/ml; n = 59].

Correlation of MenCPS-specific memory B cells with
MenCPS antibody responses

There was a significant positive correlation between the
MenCPS specific memory B-cell response at 5 months
(1 month after the third immunization) and MenCPS
specific antibody concentration at 5 months (Spearman’s
rho = 0-58, P < 0-01) (Fig. 3).
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Figure 2. Serogroup C meningococcal (MenC) polysaccharide-spe-
cific memory B-cell responses after the first dose (2 months of age)
and MenC polysaccharide- and diphtheria-specific memory B-cell
frequencies after the third dose (4 months of age) of MenC poly-
saccharide/CRM,9; (cross-reactive material; mutant diphtheria
toxoid)-conjugated vaccine given as part of a 2-, 3- and 4-month
schedule of infant immunization. MenC polysaccharide-specific
memory B-cell responses are shown in (a) for the 2-month dose and
(b) for the 4-month dose. Diphtheria-specfic plasma cell frequencies
are shown in (c) for the 4-month dose. Each point represents one
individual and lymphocytes from different individuals were used for
each time-point. The bars indicate median values. ASCs, antibody-
secreting cells; PBMCs, peripheral blood mononuclear cells.

Discussion

This study provides the first description of the kinetics of
plasma and memory B-cell responses in infants at the time
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of primary immunization during the first year of life to a
polysaccharide antigen conjugated to a carrier protein.

Plasma cell kinetics

Ex vivo B-cell ELISPOTSs, such as those used in the current
study, detect cells with the phenotype of plasma cells.*! In
studies of serum antibody responses in humans following
primary immunization, antibody is first detected during
the second week post-immunization with IgM being
detected prior to IgG.**>* Extrapolating from these studies,
it is unlikely that plasma cells would be detected in periph-
eral blood much prior to these time-points. In murine
models of primary immunization with T-dependent anti-
gens, the plasma cells migrate from the site of production
in lymphoid tissue to bone marrow through peripheral
blood during the second week after immunization.*>>®
Responses are more rapid for secondary responses and, fol-
lowing booster immunization of human adults, antigen-
specific plasma cell are consistently detected in peripheral
blood from day 5 to 8 after immunization but rapidly
decline thereafter.**® In infants receiving a booster dose
of MenCC vaccine at 1 year of age, plasma cells are
detected from day 4 onwards at least until day 9."

In the infants in the current study, MenCPS-specific
plasma cells were detected during the second week after
immunization from day 8 until day 16. The responses are
consistent with murine data for a primary response and
support the idea that the primary response occurs later
and over a relatively prolonged period compared with the
secondary response. Following a third dose of MenCC
vaccine given at 4 months of age, plasma cells were

detected from day 4 onwards as opposed to day 8 follow-
ing a first dose. This pattern of kinetics with an earlier
appearance of plasma cells is similar to that seen in
primed infants receiving a booster dose of MenCC at
1 year of age."” The kinetics of diphtheria-specific plasma
cells followed a similar time—course. Although CRM,y;
was the carrier protein of the vaccine this was not
available as a coating antigen for this study. Other work
has shown that diphtheria-specific plasma cells are
increased to 1-5-3 times the frequency of CRM;q;-specific
plasma cells in response to a CRM,y;-conjugated MenC
vaccine (G. Blanchard-Rohner, personal communication).
Assuming that such kinetics are characteristic of a sec-
ondary response in infants, then the data suggest that
memory B cells are available to participate in a secondary
response from at least 8 weeks after primary immuniza-
tion of infants. Adoptive transfer experiments in mice®”*®
have demonstrated that memory B cells can participate in
secondary responses much earlier than this and it would
be interesting in further studies to investigate the B-cell
kinetics around the second dose at 3 months of age
(1 month after the first dose of vaccine).

Memory B-cell kinetics

The use of polyclonal B-cell activators in culture stimu-
lates the CD27" B-cell memory population to proliferate
and secrete antibody, thereby allowing their detection by
ELISPOT methods.” Other investigators have shown that,
in cell culture, plasma cells do not survive for more than
a few days without appropriate supporting stromal cells
(e.g. fibroblasts).*® Thus in this study B-cell culture with
5-day polyclonal stimulation followed by B-cell 1gG ELI-
SPOT is likely to be specific for the detection of CD27*
memory B cells alone.

A small number of human studies have investigated the
kinetics of memory B cells in a primary response. In anti-
gen-naive adults receiving a priming dose of smallpox
vaccine, IgG memory B cells were detected at 1 month
post-immunization.> A study of previously unvaccinated
adults given tetanus vaccine demonstrated IgG memory B
cells appearing in peripheral blood after day 7 and before
day 28.** Murine models of a primary response demon-
strate that memory B cells are generated and disseminated
during the second week of a primary immune response to
a variety of T-dependent antigens. In these models mem-
ory B cells persist in the circulation after the initial period
of the primary follicular response is over and B cells with a
germinal centre phenotype can still be detected at low fre-
quency after several weeks in the site of the initial germinal
centre reaction.”” During a secondary response, I[gG mem-
ory B cells appear in the circulation more rapidly, and in
adolescents receiving a booster dose of MenCC vaccine
memory B-cells were detected by day 6.*' For a tetanus
booster in adults an increase in memory B cells was not
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seen by day 4 but by day 12 there was a significant rise.*>
Whether these memory B cells are newly formed memory
B cells or extant memory B cells that have been mobilized
by the process of booster immunization is unknown.

In the primary response, following the first dose of vac-
cine given to infants in the current study, IgG memory B
cells were first detected at day 14. The first appearance of
memory B cells in peripheral blood is later than in the
above described animal models of a primary response,
but as the responses were low frequency and close to the
limit of detection of the assay it is possible that earlier
responses were not detected. Consistent with this possibil-
ity, the less sensitive diphtheria assay detected no memory
cells in the primary response. Importantly, the MenC
responses in the current study were clearly delayed in
comparison to human secondary memory B-cell
responses,’’ consistent with the slower germinal centre
formation of a primary response.*’ After the third dose of
vaccine the antigen-specific memory B cells were readily
detectable at all time-points from day 4 to 30. The cur-
rent study was not powered to compare the differences in
magnitude between any 2 days for which cells were
detected. To more clearly define the memory B-cell
response characteristic of a secondary response would
require a larger number of individuals.

Memory B-cell frequency and immunogenicity

There was a significant correlation between MenCPS-spe-
cific memory B cells and antibody at 5 months, 1 month
after the third dose of vaccine (Fig. 3). As memory B cells
are unlikely to be contributing significantly to serum anti-
body at this time-point post-immunization, the correla-
tion may instead be related to a common origin of the
class-switched IgG antibody and memory B cells in the
germinal centre. After primary immunization in young
infants any MenCPS-specific memory B cells can only
have been generated in the recently active germinal cen-
tres and the germinal centres will also have been the site
of plasma cell class-switching, to allow subsequent IgG
production.** Whilst individuals with a high frequency of
memory B cells (> 5 MenCPS specific IgG antibody-
secreting cells per 2 x 10° cultured lymphocytes) have
higher levels of MenCPS specific antibody, there is a more
variable relationship for those with lower memory B-cell
frequencies. There are individuals with significant
amounts of MenCPS specific antibody but with a low fre-
quency of memory B cells. It may be that this is an issue
of the assay operating at the lower limit of sensitivity
where it is not possible to discriminate clearly between
individuals with differing but low frequencies of memory
B cells. However, it is also possible that this is a reflection
of the fact that there are other factors that regulate these
two aspects of the immune response independently of
each other.*

Antibody persistence

Whilst antibody persistence ultimately depends on anti-
body production by plasma cells, there is uncertainty
about the nature and origin of these plasma cells. In par-
ticular it is unclear to what extent long-lived plasma cells
generated by the initial response are important versus
their ongoing replenishment by plasma cells derived from
memory B cells. In addition, the mechanisms by which
memory B cells might be triggered to differentiate into
plasma cells to maintain persistent levels of antibody are
a matter of debate.""*® Following MenCC vaccine the
ability to generate persistent antibody is age dependent.®
Several studies have confirmed that, although infants ini-
tially develop significant MenCPS specific antibody levels,
these wane rapidly by 1 year of age.”** In contrast, stud-
ies of adolescents indicate that from 1 to 3 years after
immunization with MenCC there are higher levels of per-
sistent antibody.**** The cellular basis for the lack of
antibody persistence in infants as opposed to older chil-
dren is unclear. Estimates of the half-life of long-lived
plasma cells from animal and human studies are between
40 and 100 days and suggest a limit on the degree to
which such cells can contribute to antibody persistence in
the absence of continued replenishment from memory B
cells.'»**! This view is supported by murine models
which have shown a slow decline in antibody with the
removal of antigen-specific memory B cells."> Consistent
with this are observations of individuals following treat-
ment with an anti-CD20 monoclonal antibody (which
removes memmory B cells but should leave plasma cells
intact).'”'® Although a recent study in mice emphasized
antibody and plasma cell persistence in the absence of
antigen-specific memory B cells, the study did not investi-
gate beyond 16 weeks from memory B-cell depletion.’
For the infants in the current study the only compara-
tive data on memory B-cell frequency in other age
groups come from studies of an identical MenCC vaccine
given as a booster dose (rather than a primary course of
immunization) to toddlers or adolescents.'”*!' In the tod-
dlers, a follow-up study of the infants reported in this
study, there was no difference in circulating MenCPS-
specific B-cell memory between that at 5 months of age
(1 month after primary immunization) and that at
13 months of age (1 month after boosting).'” The degree
of long-term antibody persistence following the booster
dose in this situation is unknown. We have also previ-
ously reported MenCPS specific plasma and memory
B-cell frequencies in a group of adolescents who had
been boosted with an identical MenCC vaccine to that
used in the current study.*' There is a significant differ-
ence between the median responses in infants in the
current study 1 month after the third dose of vaccine
(at 5 months of age) and adolescents 1 month post-
immunization (2-5 versus 8-8 MenC ASCs per 2 x 10°
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cultured lymphocytes, respectively; P = 0-001). Antibody
persistence was greater in the adolescents 1 year after
immunization than in the infants 7 months after
immunization.'"”>® However, the memory B-cell assay
used in the adolescent study was not identical to that
used in the current study.

The hypothesis that there might be a relative lack of
memory B-cell production in infants would not be in
conflict with the observation that all infants given MenCC
appear to have immunological memory. Whilst the degree
of antibody persistence may be dependent on the total
memory B-cell pool, the secondary antibody response
may require only a proportion of the total memory B
cells. There are some animal data to support this hypo-
thesis. Using a murine model with defective production
of memory B cells, it has been demonstrated that it is
possible to impair long-term antibody production by
reduced numbers of memory B cells whilst maintaining a
normal secondary antibody response.”* In addition, stud-
ies of secondary responses in a different murine model
have demonstrated that the memory response can be gen-
erated from a small proportion of the available memory
B-cell pool.” In order to determine the contribution of
memory B cells to antibody persistence in infants, studies
are needed to directly compare memory B-cell frequencies
following primary immunization at varying ages with
subsequent antibody persistence.

Conclusion

This study has demonstrated the kinetics of the responses
of plasma and memory B cells to the first and third doses
of a CRM,¢;-conjugated MenCC vaccine given to infants
according to a 2-, 3- and 4-month schedule. The B-cell
responses to the MenCPS component of the vaccine are
of relevance to other T-dependent antigens as the process
of conjugating the polysaccharide to a carrier protein
results in a T-dependent antigen. This is the first report
of the B-cell kinetics of infants in their first year of life in
response to any vaccine.

The information from this study will be important in
allowing the design of further studies in this age group to
elucidate the key features of vaccines that give rise to per-
sistent antibody. The use of optimized infant immuniza-
tion schedules or adjuvants specifically designed to
increase memory B-cell production may improve anti-
body persistence, and in so doing provide enhanced and
sustained protection from childhood infections.
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