
INFECTION AND IMMUNITY,
0019-9567/01/$04.0010 DOI: 10.1128/IAI.69.7.4337–4341.2001

July 2001, p. 4337–4341 Vol. 69, No. 7

Copyright © 2001, American Society for Microbiology. All Rights Reserved.

Primary and Booster Mucosal Immune Responses to Meningococcal
Group A and C Conjugate and Polysaccharide Vaccines

Administered to University Students in the United Kingdom
Q. ZHANG,* R. LAKSHMAN, R. BURKINSHAW, S. CHOO, J. EVERARD, S. AKHTAR, AND A. FINN

Sheffield Institute for Vaccine Studies, Division of Child Health, University of Sheffield, Sheffield, United Kingdom

Received 10 January 2001/Returned for modification 23 February 2001/Accepted 24 March 2001

Meningococcal group A1C capsular polysaccharide (PS) conjugate vaccines may prime for serum immu-
noglobulin G (IgG) memory responses to meningococcal capsular PS. It is not known whether these vaccines
induce immunological memory at the mucosal level, which may be important in reducing nasopharyngeal
carriage. Mucosal immune responses to meningococcal conjugate and PS vaccines in young adults were
investigated. Healthy university students were randomized to receive either a groups A1C meningococcal
conjugate vaccine (MACconj, n 5 100) or a group A1C meningococcal PS vaccine (MACPS, n 5 95). One year
after the primary immunization, both groups were randomized again to receive a MACconj or a MACPS
booster vaccination. Saliva samples were collected before and 1 month after the primary and booster vacci-
nations. Anti-meningococcal A (MenA) and C (MenC) PS IgA and IgG antibody levels were measured by a
standard enzyme-linked immunosorbent assay. After the primary vaccination, salivary MenA and MenC IgG
and MenA IgA concentrations were significantly increased after immunization with both MACconj and
MACPS vaccines, but the salivary Men C IgA level was increased only after MACPS vaccine (P < 0.01). IgA
responses to both serogroups were greater for MACPS than MACconj vaccine (P < 0.05), whereas no
significant differences were seen for IgG responses. MenA IgG titers were higher after the MACPS booster in
MACconj-primed subjects than after the MACPS primary vaccination, suggesting the presence of IgG memory.
Antibody responses to a dose of either MACPS or MACconj were not significantly reduced in those previously
given MACPS compared to the primary responses to those vaccines. Meningococcal A1C conjugate and PS
vaccines induce significant mucosal responses in young adults. MACconj priming may induce IgG memory at
the mucosal level, which is likely to be a reflection of an anamnestic serum IgG response. No evidence of
mucosal hyporesponsiveness was observed after MACPS priming in this study.

Parenteral immunisation with meningococcus group C poly-
saccharide (PS) vaccine may induce local immunity in the
nasopharynx against meningococci, since a significantly lower
percentage of vaccinated military recruits became carriers of
group C meningococci than did unvaccinated controls (6). The
local immunity induced was specific for meningococcus group
C. We and others have shown that upper respiratory tract
mucosal antibodies are produced following meningococcus PS
vaccination (20, 26), which could play an important role in
preventing immunized individuals becoming carriers. We also
observed that the levels of these antibodies declined rapidly to
near-prevaccination levels after 6 to 12 months, raising the
possibility that protection could be short-term (26). However,
if vaccines induce immunological memory at the mucosal level,
long-term protection could be achieved. The widespread use of
such vaccines would not only protect immunized individuals
against invasive disease but also potentially interrupt the chain
of transmission, thereby protecting the unimmunized popula-
tion through “herd immunity” or “population immunity.” Me-
ningococcal group A and C PS conjugate vaccines have re-
cently been developed and shown to prime for anamnestic
serum immunoglobulin G (IgG) responses to meningococcus

serogroup C PS vaccine (13, 14, 16, 22). However, little infor-
mation is available about whether these vaccines induce im-
munological memory at the mucosal level.

There has been an increase in the proportion of group C
strains in England and Wales, and older children and young
adults have been at particular risk (8). Outbreaks of Neisseria
meningitidis group C disease have occurred recently in British
universities, prompting the widespread use of meningococcal
PS vaccines for first-year students in 1999. There have been
recent reports suggesting that meningococcus group C PS vac-
cine may induce hyporesponsiveness or tolerance to subse-
quent doses of PS vaccine (7, 15, 23), raising the question
whether use of meningococcus group C PS vaccine as a pri-
mary immunization has potential disadvantages.

We have studied the primary and booster mucosal immune
responses to an A1C meningococcal conjugate vaccine and an
A1C meningococcal PS vaccine in young adults to assess
whether these vaccines induce memory mucosal responses and
whether primary immunization with a PS vaccine induces hy-
poresponsiveness to subsequent PS or conjugate vaccine doses.

MATERIALS AND METHODS

Study subjects and vaccines. Healthy University of Sheffield students aged 17
to 30 years were randomized to receive a single dose (0.5 ml) of either a group
A1C meningococcus conjugate vaccine (MACconj [Aventis Pasteur]) (group 1,
n 5 100) or a group A1C meningococcus PS vaccine (MACPS [Aventis Pas-
teur]) (group 2, n 5 95). One year after the first (primary) immunization, both
groups were randomized again to receive a single dose of MACconj or MACPS
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vaccination (booster); the groups were as follows: group 1A (n 5 41), MACconj
(primary) and MACconj (booster); group 1B (n 5 43), MACconj and MACPS;
group 2A (n 5 32), MACPS and MACconj; group 2B (n 5 41), MACPS and
MACPS. This was a randomized, controlled study, and the primary phase was
observer blinded. Study participants were immunized in a separate area of the
study clinic by study nurses not otherwise involved in the study. The subjects were
not informed which vaccine they received, although the appearance of the vac-
cines was not identical. The study was performed before general immunization
against meningococcus was introduced in the United Kingdom, and none of the
subjects had previously been immunized.

For the MACconj vaccine, a 0.5-ml dose containing 4 mg each of meningo-
coccus group A and C PS and 48 mg of diphtheria toxoid (protein carrier) was
injected intramuscularly into the left deltoid muscle. For the MACPS vaccine, a
0.5-ml dose containing 50 mg of each PS was similarly injected intramuscularly.
The same batches of MACconj or MACPS vaccines were used for the primary
and booster immunizations.

The study was approved by the South Sheffield local research ethics commit-
tee, and written informed consent was obtained from all subjects before enrol-
ment.

Sample collection. Before and 1 month after the primary vaccination and
before and 1 month after the booster (day 0, day 30, day 360, and day 390),
unstimulated saliva was collected by inserting a sponge swab in the mouth until
the swab was saturated with saliva. Samples were transported at 4°C to the
laboratory within 3 h and stored at 270°C until assayed.

Immunoassay for salivary anti-meningococcal A and C PS-specific IgG and
IgA antibodies. Specific salivary antibodies against serogroup A (MenA) and C
(MenC) meningococcal PS were determined using an enzyme-linked immu-
nosorbent assay as described previously (26). In brief, Immulon 1 microtiter
plates (Dynex, Chantilly, Va.) were coated overnight at 4°C with 5 mg of menin-
gococcal A or C PS (the gift of George Carlone, Centers for Disease Control and
Prevention) (CDC) per ml diluted in phosphate-buffered saline (PBS), contain-
ing 5 mg of methylated human serum albumin (the gift of Mike Bybel, Aventis
Pasteur) per ml. After the plates were washed, 10% fetal bovine serum in PBS
was added to block nonspecific binding. Diluted saliva and standard serum (CDC
1992 reference, the gift of George Carlone) samples were added to each plate,
and the plates were incubated. Subsequently, alkaline phosphatase-conjugated
anti-human IgG (Sigma) was added for the IgG assay. Substrate (p-nitrophenyl
phosphate) was added, and the plates were incubated. The optical density (OD)
at 405 nm was measured using a plate reader (Dynex), and concentrations of IgG
were calculated by interpolation on the standard curve derived from serial
dilutions of the reference serum (CDC 1992). For MenA and MenC PS-specific
IgA measurements, the plates were incubated at room temperature (RT) on a
horizontal rotator for 2 h after addition of samples. Murine monoclonal anti-
bodies to human IgA (1:5,000) were then added to the plates, and the plates were
incubated at RT for 2 h. Alkaline phosphatase-conjugated goat anti-mouse
antibodies (Stratech) were added, and the plates were incubated overnight at
RT. Subsequent procedures were as for the IgG assay.

Measurement of total salivary IgA and IgG levels. Total salivary IgA and IgG
levels were also measured by immunoassay as described previously (3, 26), so

that the ratio of MenA and MenC PS-specific IgA or IgG could be calculated for
each subject as a method of compensating for dilution of saliva.

Statistical analysis. Antibody concentrations were logarithmically trans-
formed (base 10), and geometric mean concentrations (GMC) with 95% confi-
dence intervals (CI) were calculated for each study group. Antibody titers below
the limit of detection were arbitrarily assigned to half the lower limit of detection
for each assay. The lower limit of detection was determined from calculation of
the lowest concentration in the standard curve derived from the reference stan-
dard, whose OD was at least 2 standard deviations above the mean OD of 10 PBS
blank controls (10 PBS solutions in triplicate were assayed three times instead of
test samples) for each assay. Comparisons between vaccine groups were made
using Student’s t test. Comparisons between pre- and postvaccination GMCs or
between post-primary and post-booster immunization GMCs within groups were
made using paired t tests. Analysis of the age and gender distribution among
groups was done using one-way analysis of variance and x2 tests, respectively.
Statistical analysis was done using SPSS for Windows (version 9.0; SPSS Inc.,
Chicago, Ill.). P , 0.05 was considered to indicate statistical significance.

RESULTS

A total of 195 young adults entered the primary phase of the
study. The number of adults completing each phase of the
study and for whom saliva samples were analyzed for each
antibody type are shown in Tables 1 and 2. There were no
significant differences between the two primary phase groups
and four booster phase groups with respect to age and gender
(data not shown).

Primary anti-meningococcal A and C PS-specific IgA and
IgG responses. MenA and MenC PS-specific IgA and IgG
responses after the primary immunization are shown in Table
1. Both salivary MenA and MenC IgG antibody concentrations
were significantly increased after immunization with MACconj
and MACPS vaccines (P , 0.001). There was no significant
difference between the IgG responses to the two vaccines.
There were significant increases in salivary MenA and MenC
IgA concentrations after MACPS vaccination, whereas only
the MenA IgA level rose significantly for the MACconj vaccine
(P , 0.01). Compared to the MACconj vaccine, the MACPS
vaccine induced higher concentrations of both MenA IgA (P ,
0.05) and MenC IgA (P , 0.001).

Booster MenA and MenC PS-specific IgA and IgG re-
sponses. Booster responses after the second dose of vaccine
were compared with primary responses (in nanograms per

TABLE 1. Salivary antibody responses to MenA and MenC PS after primary immunization with MACconj or MACPSa

Antibody
Time (days)
after primary
vaccination

Group 1 (MACconj) Group 2 (MACPS)

PbAntibody level in
saliva (ng/ml)

(95% CI)

No. of
subjects

Antibody level in saliva
(ng/ml) (95% CI)

No. of
subjects

MenA IgG 0 9.92 (6.96, 14.08) 88 15.60 (11.40, 21.40) 86 NSf

30 31.24c (20.50, 47.50) 88 46.26c (32.39, 66.10) 86 NS
MenA IgA 0 40.81 (27.18, 61.28) 87 49.26 (32.92, 73.71) 85 NS

30 67.75d (46.30, 99.15) 87 126.91c (87.42, 183.70) 85 ,0.05
MenC IgG 0 6.88 (5.10, 9.30) 88 8.17 (6.00, 11.12) 86 NS

30 15.69c (10.73, 23.0) 88 22.44c (15.64, 32.20) 86 NS
MenC IgA 0 9.44 (6.95, 12.82) 87 7.25 (5.33, 9.85) 85 NS

30 8.90e (6.56, 12.05) 87 33.81c (24.55, 46.57) 85 ,0.001

a Data on the subjects who completed the primary phase of the study and for whom saliva samples were analyzed for each antibody type are presented.
b P values of comparisons of antibody concentrations between two vaccines at each time point.
c P , 0.001 (between the day 0 and day 30 results).
d P , 0.01 (between the day 0 and day 30 results).
e P 5 NS (between the day 0 and day 30 results).
f NS, not significantly different.
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milliliter (Fig. 1; table 2). MenA salivary IgG responses after
MACPS booster in MACconj-primed subjects (group 1B) were
significantly higher than MACPS primary responses (group 2)
(P , 0.01) (Fig. 1). The equivalent comparison for MenC IgG
responses did not show a statistically significant difference (P 5
0.07) (Fig. 1). There were also no significant differences in IgA
titers between such MACPS booster and MACPS primary
responses for MenA (P 5 0.143) and MenC (P 5 0.203) (Fig.
1).

In group 1A, whose members were primed with MACconj
and boosted with the same MACconj vaccine, the MenA IgA,
MenA IgG, and MenC IgG antibody mean titers after the
booster immunization were not significantly different from the
primary responses. However, the MenC IgA titers after the
booster were significantly higher than after primary immuni-
zation (the response to which was very poor) (P , 0.01) (Table
2).

In group 2B, whose members received primary MACPS and
booster MACPS vaccines, both MenA PS IgG and IgA titers
were significantly higher after the booster (day 390) than after
the primary (day 30) vaccination (P 5 0.024 and 0.028 respec-
tively) (Table 2). MenC PS IgG and IgA titers after the booster
were not significantly different from those after the primary
vaccination.

When antibody responses after MACconj booster in
MACPS-primed individuals (group 2A, day 390) were com-
pared with primary MACconj responses (groups 1A and 1B,
day 30), no significant differences were found for the MenA PS
IgA and IgG and MenC PS IgG titers but a significant differ-
ence was found for the MenC IgA titers (P , 0.05) (Table 2).

When anti-MenA and MenC PS-specific IgA and IgG re-
sponses were expressed as the ratio of the specific antibody
concentrations to total IgA or IgG in saliva (data not shown),
the results of the statistical analysis of antibody concentrations
comparing vaccine groups, pre- and postimmunisation values,
or post-primary and post-booster immunization values were
closely similar to the results expressed as absolute concentra-
tions (nanograms per milliliter), and thus all conclusions drawn
are the same using both approaches to analysis.

FIG. 1. Comparison of salivary IgG and IgA responses to MenA
and MenC PS between booster MACPS responses in MACconj vac-
cine-primed subjects (group 1B) and primary MACPS responses
(group 2).
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DISCUSSION

Mucosal immunity is important in protecting the host
against mucosal pathogens such as N. meningitides, since the
human nasopharyngeal mucosa is the only natural reservoir of
this organism, which is transferred from person to person
through direct contact or via respiratory secretions. Meningo-
coccal PS-specific antibodies may promote the clearance of
nasopharyngeal carriage. Haemophilus influenzae type b (Hib)
conjugate vaccines induce anti-PS mucosal antibody responses
(10) and are associated with reduced carriage rates when
widely used (2, 9–11, 19, 24, 25).

We have previously reported anti-MenC mucosal immune
responses to a different MenC conjugate vaccine in adolescents
compared to the same A and C PS vaccine used in this study
(26). In that study, the IgG responses to the conjugate vaccine
were greater and the IgA responses were similar. The fact that
IgG and IgA responses to the conjugate vaccine in this study
were poorer may simply reflect the PS doses in the two con-
jugate vaccines (4 mg in this study and 10 mg in the previous
study) and in the MACPS vaccine (50 mg each of A and C PS).

To investigate whether these meningococcal PS vaccines
induce immunological memory or tolerance, booster immuni-
zations were given 1 year after the primary vaccinations. Our
comparison of mucosal responses to MACPS in naive subjects
and those previously primed with MACconj suggests a priming
effect for MenA IgG responses. We and others have previously
presented evidence suggesting that the salivary IgG response
to MenC capsular PS is serum derived (3, 20, 26), and there is
evidence that MenC conjugate vaccines prime for memory-
type IgG responses to PS boosters in serum (13, 22). These
mucosal data may reflect IgG memory responses to MenA in
serum.

We have previously presented data suggesting that salivary
MenC PS IgA antibody is largely secretory IgA and thus is
likely to be locally produced rather than serum derived (26).
We have also presented evidence supporting the existence of
IgA mucosal memory responses to pneumococcal PS vaccine
in young children primed with conjugate vaccine (4). The com-
parison of responses to MACPS in naive and MACconj-
primed subjects in this study does not suggest the presence of
IgA mucosal memory. Whether this is affected by the antigens
used, their doses, the timing of sample collection, or the ages
of the subjects remains to be studied. However, our observa-
tion of approximately mean 2.5-fold increases in MenC IgA
titers on administration of a second dose of MACconj (group
1A) compared to the poor response to a first dose (groups 1)
offers some evidence of priming for mucosal IgA responses by
the conjugate vaccine if the same vaccine is used to boost.

Detectable titers of both MenA and MenC IgA and IgG
antibody were observed in the saliva of many subjects prior to
immunization (table 1). This may be due to previous exposure
and colonization with these or antigenically related bacteria.
The carrier state is an immunizing process, which gives rise to
antibodies to several meningococcal antigens including group-
specific polysaccharides (5). It is not known whether this “nat-
ural immunization” induces immunological memory. If it does,
it might explain why some individuals produced very high an-
tibody titers (IgA and/or IgG) after just one MACPS vaccina-
tion, which could be acting as a booster for these individuals. In

this situation, subsequent vaccinations may not necessarily
boost their immune responses further. Such effects could con-
found observations made in a study of this design and explain
why the results are less straightforward than those obtained in
studies of younger subjects. Future studies designed to include
more subjects and to stratify the study population according to
the levels of preexisting antibody will help define whether and
how preexisting antibody may influence the immunogenicity of
“primary” and/or “booster” vaccination in young adults.

Classically PS antigens are not thought to induce immuno-
logical memory or to induce a T-cell-dependent antibody re-
sponse (12, 18). Recent studies have reported a degree of
immunological tolerance induced by MenC PS given in certain
dose regimens (7, 15, 23) and first described in the 1970s (1).
Our data do not show evidence of such hyporesponsiveness in
either IgA or IgG responses at the mucosal level to MenC PS.
In contrast, we demonstrate augmented IgA and IgG mucosal
responses to MenA after a second dose of MACPS, suggesting
that the PS antigen primes for memory responses. Like the
MenC tolerance phenomenon, anamnestic responses caused
by MenA PS have been observed previously in the serum of
immunised children (17, 21). It is clear that the nature of the
antibody responses to PS vaccine antigens varies in important
and fundamental ways among antigens. Further studies with
humans are needed to optimize the potential of vaccines to
interrupt nasopharyngeal carriage and transmission of N. men-
ingitidis.
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