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After adolescence, the incidence of meningococcal disease decreases with age as a result of the cumulative
immunizing effect of repeated nasopharyngeal colonization. Nevertheless, some adults succumb to meningo-
coccal disease, so we hypothesized that this is due to a subtle functional immunological defect. Peripheral blood
lymphocytes derived from survivors of serogroup C meningococcal disease and from age- and sex-matched
controls were incubated with a polyclonal B-cell activator containing anti-immunoglobulin D (�-�-dex) em-
ployed to mimic antigen-specific stimuli encountered during immune responses to bacterial polysaccharides,
with and without T-cell activation (using anti-CD3/anti-CD28). Subsequent proliferation and activation of T
and B lymphocytes were measured. In patients, T-cell responses to polyclonal stimuli and the delivery of T-cell
help to B cells were unimpaired. Levels of B-cell proliferation in response to �-�-dex stimulation alone were
low in all samples but were significantly lower in patients than in controls, and these differences were more
pronounced with the addition of T-cell help. The data are consistent with the presence of a subtle immuno-
deficiency in adults who have exhibited susceptibility to meningococcal disease. This defect is manifested as an
impaired B-cell response to T-cell-independent type 2 antigens analogous to bacterial capsular polysaccharide.

Meningococcal disease is more common in infants than in
adults, likely due to increasing protection over time due to
cumulative immunizing episodes of natural nasopharyngeal
carriage of Neisseria meningitidis. Several factors are known to
determine susceptibility to meningococcal disease, but chief
among these is the possession of protective levels of serum
bactericidal antibody (SBA) directed against the meningococ-
cus (2). The generation of natural immunity is thought to be
the result of recurrent oronasopharyngeal colonization by me-
ningococci. Most colonizing events are transient and result in
expulsion of the organism, along with natural generation of
protective immunoglobulin G (IgG) antibody against the col-
onizing strain (23). During this natural exposure to bacteria,
responses are generated against the capsular polysaccharide
and against T-cell-dependent (TD) protein antigens. Antibod-
ies against both polysaccharides and proteins can exert bacte-
ricidal activity in vitro. Carriage of Neisseria spp. is common
(14). In older children and adults in the United Kingdom, the
prevalence of carriage of N. meningitidis is 25 to 37% (3), and
therefore the probability that an adult has never been exposed
to the organism is low and cumulative immunizing exposure to
the meningococcus should be significant by the time a person
reaches adulthood. Nevertheless, there remains a significant
disease burden in adults. Goldschneider and colleagues (5)
collected serum over the course of an epidemic caused by

serogroup C among adult army recruits and demonstrated that
patients with meningococcal disease did not have bactericidal
antibody against the cognate serogroup prior to the onset of
their disease. It was also discovered that patients were rela-
tively deficient of antibody to heterologous serogroup strains.
Although this might reflect reduced prior meningococcal ex-
posure for recruits drawn from some geographic regions of the
United States with a low incidence of carriage, there remains
the possibility that adults who suffer serogroup C meningococ-
cal disease have defective humoral immunity to pathogenic
meningococci in general. Although carriage of serogroup C N.
meningitidis is infrequent in the general population (�0.5%),
most individuals who become colonized by serogroup C do not
experience disease (26), despite the fact that adults in an un-
vaccinated population do not have serum serogroup C bacte-
ricidal activity or high concentrations of antipolysaccharide
antibody (27).

The chief target for protective immunity against the menin-
gococcus is the polysaccharide capsule. Capsular polysaccha-
rides, as T-cell-independent type 2 (TI-2) antigens, generate
relatively weak IgG responses when delivered alone, but the
response becomes TD when the polysaccharide is presented
with protein, for example, when it is delivered as part of a
protein conjugate vaccine (22). Capsular polysaccharides con-
tain multiple repeating epitopes and therefore have the ability
to cross-link B-cell receptors and induce B-cell activation di-
rectly (16), unlike TD protein antigens. However, immune
responses against protein antigens can also contribute to SBA
titers, as immunization with outer membrane vesicles (24) or
colonization with neisserial species or strains not sharing the
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same capsular antigen (12) can each induce SBA. Antibody
responses against TD antigens such as proteins require T-cell
help, but there is also some evidence from model systems that
responses against capsular polysaccharides presented on whole
organisms can also benefit from T-cell help (10).

We postulated that adults who suffer meningococcal disease
have a subtle deficiency of the humoral immune response to
colonization by Neisseria, leading to a failure to rapidly gener-
ate protective antibody titers. We tested this hypothesis by
using a polyclonal TI-2 antigen mimic and polyclonal T-cell
activators to stimulate peripheral B and T lymphocytes derived
from recovered meningococcal patients and controls.

MATERIALS AND METHODS

Patients and controls. Patients were recruited from among those who pre-
sented to the Sheffield Teaching Hospitals NHS Trust with microbiologically
proven meningococcal serogroup C (Men C) disease. Patients were included if N.
meningitidis was identified by culture or PCR within a blood or cerebrospinal
fluid sample. All patients and controls gave informed consent, and the study was
approved by the Central Office for Research Ethics (United Kingdom). Clinical
and laboratory data for the seven patients are shown in Table 1. Controls were
derived from hospital staff and were matched to the ethnicity, sex, and current
age of the patients. The age of the patients at the time of original presentation
ranged from 16 years to 32 years. The period of time elapsed from hospitalization
to inclusion in the study was 6 to 11 years, and none of the patients or controls
had ever received vaccination (either plain polysaccharide or conjugate) against
serogroup C disease. None of the patients or controls had a detectable deficiency
of complement components C5 to C9 or of mannose binding lectin, deficiencies
which are known to enhance susceptibility to meningococcal infection (data not
shown). All positive meningococcal isolates were confirmed by the National
Meningococcal Reference Unit of the United Kingdom Health Protection
Agency.

Assays of B-cell–T-cell cognate interaction and activation. The first stage of
the assay of B-cell–T-cell cognate interaction and activation was designed to
assess T-cell responsiveness to polyclonal stimuli designed to mimic signal 1
(through the antigen-specific T-cell receptor [TCR]) and signal 2 (through the
activated antigen-presenting cell). Both of these signals are required for maximal
T-cell activation and proliferation (4). The assay utilized agonistic antibodies
against CD3 (which mimic TCR signaling) and CD28 (which mimic CD80/86
ligation of T-cell CD28). T-cell activation in response to these signals was
assessed by measuring expression of the activation marker CD25 on gated CD4
cells. Proliferation was assessed by carboxyfluorescein diacetate succinimidyl
ester (CFSE) dilution assay, again on cells gated for CD4 expression.

The second stage of the assay was designed to determine whether B cells from
patients are deficient in their responses to TI-2 antigens. This was assessed by
measuring B-cell proliferation and activation in response to the polyclonal mimic
of TI-2 antigens, anti-IgD conjugated to dextran (�-�-dex). This anti-IgD anti-
body cross-links multiple B-cell receptor molecules in a manner analogous to
that for capsular polysaccharides, but it does this to all IgD-positive B cells rather
than just to the small antigen-specific population (19). Proliferation was assessed
using the CFSE assay combined with CD19 staining so that B-cell responses only

could be measured. B-cell activation was also assessed by flow cytometric staining
for CD19 and CD86.

The third stage of the assay was designed to assess the ability of T cells to
become activated and to deliver T-cell help to B cells. B-cell activation and
proliferation in response to the stimulation of T cells in the same culture wells
were assessed by measuring CD86 expression on B cells (as a marker of activa-
tion) and CFSE dilution on CD19-positive cells (for proliferation). The effect of
T-cell help on B cells was assessed in both the presence and absence of the mimic
TI-2 antigen �-�-dex, as strong signaling through the B-cell receptor was ex-
pected to synergize with T-cell help.

Antibodies and �-�-dex. The following fluorescently labeled and unlabeled
antibodies for stimulation were obtained from Caltag Laboratories: mouse anti-
human CD19–fluorescein isothiocyanate, mouse anti-human CD19–allophyco-
cyanin, mouse anti-human CD4–allophycocyanin, mouse anti-human CD86–tri-
color, and mouse anti-human CD25–phycoerythrin. Purified mouse monoclonal
antibody to the human CD28 antigen and purified mouse monoclonal antibody
to the human CD3 antigen were obtained from BD Pharmingen. Anti-human
CD154 antibody was purchased from R&D Systems Inc. �-�-Dex was prepared
by us as described previously (20, 25).

Cell cultivation and activation. Cell stimulations for all parts of the assay were
performed simultaneously in 48-well tissue culture plates (Nunc), and assays for
patients were performed simultaneously with assays for their age- and sex-
matched controls. Leukocytes were prepared from freshly drawn human blood by
centrifugation over Lymphoprep (Axis-Shield PoC AS) and removal of the
leukocyte layer by use of a pipette. A proportion of the cells were labeled with
1.0 �M CFSE (Invitrogen), which enables assessment of proliferation by flow
cytometry.

Cells were added to 48-well plates at a final concentration of 2 � 106 cells per
ml in a volume of 500 �l in RPMI 1640 plus L-glutamine (Gibco) containing 10%
autologous serum. Various stimulatory antibodies or �-�-dex was added as fol-
lows: (i) medium alone, (ii) 1 �g/ml �-�-dex, (iii) well was precoated with 0.1
�g/ml anti-CD3 (purified mouse monoclonal antibody to the human CD3 anti-
gen [Caltag Laboratories]), (iv) well was precoated with 0.1 �g/ml anti-CD3 plus
1 �g/ml �-�-dex, (v) well was precoated with 0.5 �g/ml anti-CD3 plus 0.5 �g/ml
anti-CD28 (purified mouse monoclonal antibody to the human CD28 antigen
[Caltag Laboratories]), (vi) well was precoated with 0.5 �g/ml anti-CD3 plus
anti-CD28 plus 1 �g/ml �-�-dex, or (vii) 50 ng/ml phorbol myristate acetate plus
1.0 �M ionomycin as a positive control. Cells were incubated for 4 days in a
humidified atmosphere at 37°C and 5% CO2 before being harvested. On day 4,
cells were harvested and stained for flow cytometric analysis (see below).

Assessment of cell proliferation by CFSE dilution. Cells labeled with CFSE
were further labeled with a single cell marker to identify B or T lymphocytes.
Cells from other wells were labeled with cell markers for B and T lymphocytes
plus activation markers of B and T lymphocytes, namely, CD86 and CD25. Cells
were washed with fluorescence-activated cell sorting (FACS) buffer (phosphate-
buffered saline containing 0.1% bovine serum albumin) and finally fixed in FACS
buffer with 1% paraformaldehyde for analysis within the following 48 h. Cellular
proliferation was assessed by marking the peaks of CFSE expression, represent-
ing increasing numbers of cell divisions with decreasing fluorescence (8, 13). The
number of original parent cells was determined by dividing the number of events
at each cell division (n) by 2n. The proliferation index was calculated by dividing
the total number of cells at zero to six divisions by the total number of original
parent cells. A proliferation index of 1 thus represents no cell proliferation.

Flow cytometric analysis. A Becton Dickinson FACSCalibur flow cytometer
running Cellquest software was used for cell analysis, and FloJo software (Tree-
star) was used to assess expression of surface activation markers and prolifera-
tion of CFSE-labeled B and T cells. Monocytes were excluded from all analyses
on the basis of forward- and side-angle light scatter profiles. Preliminary studies
on multiple samples indicated no difference in results obtained using this strategy
as opposed to preremoving monocytes by plastic adherence prior to culture or
gating them out of the analyses on the basis of CD14 expression. Since lympho-
cyte numbers were limiting, we adopted the former strategy in order to save on
the required number of wells in the assay.

For analyses of B-cell activation and proliferation, B cells were positively gated
on both forward- and side-angle light scatter and on CD19 expression. Similarly
T helper cells were gated on forward- and side-angle light scatter and on CD4
expression. Cellular activation was expressed as the median fluorescence inten-
sity of CD86 or CD25 expression on B or CD4 cells, respectively, or in some
cases as the increase in this value compared with that for unstimulated control
cells. Proliferation was calculated as described above and then expressed as a
proliferation index (with zero proliferation having a value of 1).

SBA assays. Sera were assayed by SBA assay as described by Maslanka et al.
(15), with baby rabbit serum (Pel-Freez Incorporated, Rodgerson, AZ) as an

TABLE 1. Patient characteristicsc

Patient
no. Sexa Current

age (yr)

Time (yr)
since

hospitalization
Serogroupb

1 M 41 9 C 2a P1.5
3 F 29 8 C2a P1.5, P1.2
5 F 41 8 C2a P1.5
7 F 22 6 C
8 M 26 9 C
9 M 28 9 C2b P1.2
10 M 31 11 C 2a P1.5

a M, male; F, female.
b All identifications were made by PCR.
c All patients were white.
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exogenous complement source. The strain used was the C11 strain (phenotype
C:16:P1.7-1,1). SBA titers were expressed as the reciprocal of the final serum
dilution giving �50% killing after 60 min.

Antibody responses against diphtheria toxoid, tetanus toxoid, and Men C
polysaccharide. The diphtheria toxoid and tetanus toxoid IgG titers were deter-
mined using a Bio-Plex (Bio-Rad, Hemel Hempstead, United Kingdom) multi-
plex assay as previously described (21), and Men C-specific IgG was measured as
described by Lal et al. (11).

Statistical analyses. Since cellular assays were always performed on cells from
patients simultaneously with cells from their age- and sex-matched controls on
the same experimental day, and because a Gaussian distribution could not be
assumed, we performed the nonparametric Wilcoxon signed rank test for paired
data. Antibody response data for the sera of patients and controls were analyzed
using Student’s t test, as these titers will almost certainly be normally distributed.
In any case, there were no significant differences between patient and control
groups by either Student’s t test or the Mann-Whitney U test.

In order to avoid confusion, statistical comparisons made in the text and
figures are limited to comparisons between patient and control cells in assays.
Statistical data on the overall responsiveness of cells to various stimuli are all
shown in Table 2.

RESULTS

Individuals with a history of meningococcal disease have no
defect in peripheral T-cell activation via CD3 and CD28. In
nature, in response to protein antigens, activated antigen-pre-
senting cells presenting peptides on major histocompatibility
complex class II molecules stimulate T cells via both the TCR
and CD28, and the T cells are then activated and proliferate.
To mimic TCR engagement, T cells were activated with the
polyclonal T-cell stimulator anti-CD3, and to mimic CD86/80-
CD28 interactions, an agonistic CD28 antibody was used. As
expected, �-�-dex had no effect on T-cell activation, either on
its own (Fig. 1a) or in combination with anti-CD3 (data not
shown) CD4 T cells were efficiently activated in response to
CD3 cross-linking (Fig. 1b), as defined by expression of CD25

TABLE 2. B-cell and CD4-cell activation and proliferation in
response to various stimulia

Comparison

P valueb

B-cell
activation

B-cell
proliferation

T-cell
activation

T-cell
proliferation

�-�-Dex stimulation
vs unstimulated
group

0.0001 0.0001 NS NS

CD3 ND ND 0.0023 0.0002
CD3/CD28 vs

unstimulated
group

0.0001 0.0002 0.0002 0.0001

CD3/CD28 vs CD3 ND ND 0.0107 0.0001
CD3/CD28/�-�–dex

vs CD3/CD28
0.0001 0.0001 ND ND

a Combinations of control and patient samples are shown for simplicity. Both
patient and control cells responded to all stimuli. All comparisons were done by
the Wilcoxon signed rank test for nonparametric paired data.

b ND, not determined; NS, not significant.

FIG. 1. T-cell responsiveness to polyclonal stimulation through CD28 and CD3. PBLs derived from patients and their paired controls were
incubated with no stimulus or with anti-CD3 or the combination of anti-CD3 and anti-CD28 for 4 days. A proportion of cells were prelabeled with
CFSE. After incubation, the non-CFSE-labeled cells were stained with anti-CD4 and anti-CD25 antibodies, and CD25 expression on CD4 cells
was used as a measure of activation. (a to d) Mean increases in CD25 expression after stimulation of patient or control cells with either the B-cell
TI-2 mimic �-�-dex (a), anti-CD3 alone (b), anti-CD3 and anti-CD28 antibodies (c), or anti-CD3, anti-CD28, and �-�-dex (d). There was no
significant difference in the ability of patient cells to respond to any stimulus in comparison with controls (Wilcoxon signed rank test). (e to g)
CFSE-labeled cells were gated on CD4 expression, and CFSE fluorescence of the CD4-positive population was plotted. (h) Typical CFSE plot
showing T-cell proliferation in response to anti-CD3 and anti-CD28 (bold line) versus unstimulated cells (faint line). There was no significant
difference in the ability of patient or control T cells to proliferate in response to CD3 or CD3/CD28 stimulation in the presence (e, f, and g) or
absence (not shown) of �-�-dex.
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(P � 0.023; Wilcoxon signed rank test) (unstimulated cells
provide the background reading and would show an increase in
CD25 expression of onefold on the y axis). As expected, CD4
cells were further activated by coligation of CD3 and CD28
(P � 0.0107 for CD3 versus CD3 and CD28; Wilcoxon signed
rank test) (Fig. 1c), again with �-�-dex having no effect (Fig.
1d). No defect of CD4 T-cell activation was observed in pa-
tients with a history of meningococcal disease in either the
presence (Fig. 1a and d) or absence (Fig. 1b and c) of �-�-dex-
activated B cells.

T cells also proliferated appropriately in response to these
agonists, with proliferation strongly enhanced by the addition
of CD28 monoclonal antibody to the stimulating cocktail. Fig-
ure 1e shows individual responses to CD3 activation, and Fig.
1f shows individual responses to stimulation through CD3 and
CD28. Figure 1g shows the average responses in Fig. 1e and f,
clearly showing the enhancement seen with the addition of
CD28 stimulation. Figure 1h shows a typical CFSE plot, in this
case of maximally stimulated CD4 cell proliferation via CD3
and CD28. Again, no defect in T-cell proliferation in response
to the two polyclonal stimuli was detected in the cohort with a
history of meningococcal disease, either in the absence (Fig. 1e
to g) or in the presence (not shown) of �-�-dex.

Peripheral B-cell stimulation by the TI-2 mimic �-�-dex is
defective in individuals with a history of meningococcal dis-
ease. Expression of the CD28 ligand CD86, formally known as
B7.2, is a commonly used measure of the activation of B cells
and other antigen-presenting cells. B lymphocytes of patients
and age-matched controls were activated efficiently by �-�-dex
stimulation (Fig. 2, left panel), with the median fluorescence
intensity of CD86 increasing in all cases. Similar to the case for
B-cell activation, B cells from both controls and recovered
patients responded to �-�-dex stimulation by proliferating
(Fig. 2, right panel). The levels of proliferation in response to
�-�-dex stimulation were low in all samples, but there was

significantly less induction of proliferation of B cells from re-
covered meningococcal patients than that for controls (Wil-
coxon signed rank test; P � 0.0312).

Patients with a history of meningococcal disease exhibit
normal T-cell help to B cells, but enhancement of this help by
a TI-2 polyclonal mimic is deficient. In order to produce a
high-affinity class-switched antibody response against TD an-
tigens, B cells must receive cognate help from activated T cells.
The ability of activated T cells to deliver help to B cells and the
ability of B cells to respond to this help were assessed simul-
taneously by measuring B-cell activation and proliferation in
the presence of T cells stimulated through anti-CD28 and
anti-CD3. As expected, in the presence of activated T cells,
B-cell CD86 expression was amplified (Fig. 3a and Fig. 2, left
panel), the B cells proliferated moderately (Fig. 3d), and there
was no difference between the responses of cells from recov-
ered meningococcal patients and controls. Since B cells were
efficiently activated in the presence of the T-cell stimuli, we
concluded that there was no gross defect in either the ability of
patient T cells to provide T-cell help or the ability of patient B
cells to respond to such help.

It is known that B cells, like T cells, proliferate most strongly
in the presence of antigen receptor stimulation (signal 1) and
T-cell help (signal 2). Since �-�-dex stimulates cells through
the B-cell receptor, the effect of �-�-dex with the two T-cell
stimuli on B-cell activation and proliferation was assessed. As
expected, �-�-dex with the two T-cell stimuli gave rise to an
even stronger amplification of B-cell CD86 expression (Fig.
3b). Again, there was no apparent defect of this activity in
patients with a history of meningococcal disease. Similar to
activation, B-cell proliferation in the presence of activated T
cells was strongly enhanced by concurrent B-cell receptor stim-
ulation through �-�-dex (Fig. 3e), but the enhancement seen
was significantly stronger when the assay was performed on
control lymphocytes than when it was performed on patient

FIG. 2. B-cell responsiveness to the polyclonal TI-2 mimic �-�-dex. PBLs from patients and their paired controls were incubated for 4 days in
the presence of �-�-dex and then stained with CD19 and CD86 antibodies, and expression of CD86 on CD19-positive gated cells was assessed.
Changes in CD86 expression (stimulated/unstimulated) were calculated. (Left) Changes in CD86 expression of paired patient and control cells in
response to stimulation with �-�-dex. There was no significant difference in the levels of activation induced in patient cells versus control cells. In
other wells, PBLs were prestained with CFSE prior to incubation and stained for CD19 expression after 4 days. (Right) Average B-cell
proliferation, as defined by the proliferation index (with no proliferation having an index of 1), for patient and control samples in response to
�-�-dex. There was a significant difference between patient and control B-cell proliferation in response to �-�-dex (P � 0.031; Wilcoxon signed
rank test).
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lymphocytes (P � 0.015). Since there was no defect in patient
B-cell responses to bystander help alone (Fig. 3d), it is ex-
tremely likely that the defective proliferative response of pa-
tients’ B cells to the combination of activated T cells and
�-�-dex was due to an aberrant response to the �-�-dex stim-
ulation, correlating with the defect apparent in Fig. 2.

A major component of T-cell help to B cells is imparted by
CD154-CD40 signaling. The bystander activation observed was
shown to be negated by antibody blockade of CD154, showing
that it was mediated at least in part by CD154-CD40 interac-
tions, probably in conjunction with T-cell cytokines (Fig. 3c).

In order to avoid confusion in the text, statistical compari-
sons described above and in the figures are largely restricted to
comparisons between patient and control results. The positive
effects of the various stimuli on cell activation and proliferation
are analyzed in Table 2.

Patients with a history of meningococcal disease do not have
higher anti-Men C polysaccharide IgG or anti-Men C SBA
titers than controls. Figure 4 shows anti-Men C polysaccharide
IgG and anti-Men C SBA titers in patient and control sera

obtained while obtaining blood for peripheral blood lympho-
cytes (PBLs). Although these sera were obtained several years
after the infection, there is no evidence of enhanced Men C
titers despite the large antigenic assault these patients have
suffered.

DISCUSSION

We reasoned that adults who suffer serogroup C meningo-
coccal disease despite the high frequency of natural (and im-
munizing) colonization by Neisseria throughout childhood and
young adulthood must fail to develop optimal acquired immu-
nity to invasive disease following colonization by serogroup C
Neisseria meningitidis. We thus postulated that such adults
might be poor generators of antibody responses either against
serogroup C or related capsular polysaccharides or against
bacterial protein components that are sampled during coloni-
zation. In vitro assays were set up to test the hypothesis that
peripheral lymphocytes derived from a small sample of such
patients have impaired responses to polyclonal mimics of TI-2

FIG. 3. T-cell help to B cells. B-cell activation in response to T-cell help was assessed by CD86 expression on cells stimulated with �-�-dex along
with T cells activated through CD3 and CD28. PBLs were incubated in the presence of various stimuli for 4 days, with some having previously been
labeled with CFSE. Cells were then stained for CD19 and CD86. Mean increases in CD86 expression are shown for control or patient B cells after
incubation of lymphocytes with either anti-CD3/CD28 (a) or both anti-CD3/CD28 and �-�-dex (b). There was no significant difference in the ability
of patient or control B cells to be activated in response to either CD3/CD28 stimulation alone or in response to the combination of �-�-dex with
the two T-cell stimuli. (c) PBLs from two donors were stimulated as described above, but with the addition of a blocking anti-CD154 monoclonal
antibody or an isotype control antibody (mouse immunoglobulin) in some of the wells. (d and e) CD19 B-cell proliferation of patient or control
B cells after incubation of PBLs with CD3/CD28-activated T cells (d) or with CD3/CD28 and �-�-dex (b). There was no significant difference in
the ability of patient or control B cells to proliferate in response to the T-cell activation signals alone, but additional proliferation in response to
�-�-dex was reduced in the patient cells in comparison with that in controls (P � 0.015; Wilcoxon signed rank test).
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and/or TD antigens. These revealed a lower response (to TI-2
mimics) of B cells of recovered meningococcal patients, which
was observed both with and without T-cell help. Equivalent
T-cell responses and unimpaired T-cell help to B cells were
observed in the two groups. The results suggest that adults who
contract serogroup C meningococcal disease have a defect in
their responses to polysaccharide antigens.

It is not apparent that individuals who present with menin-
gococcal disease are widely susceptible to other bacterial in-
fections. However, the possibility of an immune defect being
responsible for susceptibility to meningococcal disease has
been postulated previously. Whittle et al. assessed responses to
group C polysaccharide vaccine of a number of survivors of dis-
ease due to serogroup A N. meningitidis and found defective
responses in patients and siblings in comparison with controls
(28). Our data are consistent with these findings. It has also
been shown that humans vary widely in their responses to
pneumococcal polysaccharides and that this may be a familial
effect (17). If the defect we discovered is a product of gene
variation, then it is noteworthy that the patients exhibited no
general features of immune deficiency. However, gene defects
can result in remarkably specific phenotypes. For example,
complete removal of the function of a gene from a mouse
sometimes results in a detectable phenotype only under spe-
cific challenge conditions (18), and the same is true for hu-
mans, for example, homozygosity for the non-sickle-cell form
of haemoglobin beta is apparent as a deficiency relative to
heterozygosity only in a region where malaria is endemic. Se-
lective immune defects have also been demonstrated in some
children who fail to respond serologically to the Haemophilus
influenzae type b vaccine yet exhibit normal responses to teta-
nus toxoid protein (7) and pneumococcal polysaccharides (1).

B-cell proliferation is required not only to provide an ex-
panded pool of antigen-specific cells, either as memory cells or
as plasma cells, but also to allow class switching to more ef-
fective IgG antibody from IgM (9). While we did not have
access to serum samples from patients prior to their disease,
serum samples collected from patients after disease diagnosis
did not have significantly higher titers of anti-Men C polysac-
charide antibody or SBA titers than did sera from controls
(Fig. 4). This is surprising in light of the fact that these people

had been subjected to a powerful immune stimulus in the form
of a systemic infection and fits with the hypothesis that these
individuals are defective in their response to polysaccharide
antigens after colonization/invasion by meningococci. Patient
antibody titers against the TD vaccine antigens diphtheria tox-
oid and tetanus toxoid were also assessed, and consistent with
the normal responses to TD antigen mimics in the cellular
assay, these titers were no different from those of controls (not
shown).

A number of reservations are attached to our conclusions.
The assay we used is a novel one, custom designed to test our
hypothesis. It can display only relative differences between
patients and controls and falls short of defining the underlying
mechanism. Murine �-�-dex has been used widely in experi-
mental immunology for polyclonal activation of peripheral B
cells (19, 20, 25) and likely activates all IgD-positive B cells via
their B-cell receptors. It is not appropriate to assess B-cell
responses to Men C polysaccharide because of the differential
prior exposure (to a heavy bacterial burden in the case of the
patients but not in the controls). Also, assessment of B-cell
proliferative responses to Men C polysaccharide is not possible
because of the exceptionally small number of antigen-specific
cells within the peripheral blood. The defect we observed could
potentially be due to one or more of multiple steps in cell
activation downstream of receptor engagement. The data we
report are derived from a small group of individuals, and
multiple assays were performed on their cells. The small sam-
ple size reflects the difficulty of collecting cohorts of adults with
a history of microbiologically proven serogroup C disease, but
the sample size was determined prospectively to be adequate
for our protocol. We cannot be certain that this defect occurs
more generally among adults who have experienced serogroup
C meningococcal disease. We limited our study to patients who
experienced serogroup C disease because the Men C polysac-
charide elicits high concentrations of antibody, in contrast to
that of serogroup B meningococci, which is poorly immuno-
genic. We do not know, therefore, whether this defect is shared
by individuals who have experienced serogroup B disease.

In summary, we have discovered that patients who suffer
serogroup C meningococcal disease may do so because of a
subtle defect of B-cell responsiveness to T-cell-independent

FIG. 4. IgG titers against Men C polysaccharide (a) and Men C SBA titers (b) in sera obtained from patients and controls at the same time
that PBLs were obtained.
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antigens which is manifest both in the presence and in the
absence of T-cell help. This might explain the occurrence of
disease in adults despite their likely lifelong exposure to the
immunizing effect of natural colonization by N. meningitidis. It
is also consistent with the original findings of Goldschneider
and colleagues, who found that adults who suffer disease have
relatively weak general immune responses to N. meningitidis
compared to nondiseased controls (5, 6), and of Whittle et al.
(28), who found defective responses of recovered patients and
their siblings to polysaccharide vaccine.
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