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The kinetics of antibody persistence following the administration of a combination meningococcal serogroup
C and Haemophilus influenzae type b (Hib) conjugate vaccine (Menitorix) in the second year of life in children
primed with two doses of one of three monovalent meningococcal serogroup C (MCC) vaccines was investi-
gated. The study subjects were administered either Menitorix at 12 to 15 months of age, followed by the
seven-valent pneumococcal conjugate vaccine (PCV7) and the measles, mumps, and rubella vaccine 4 to 6
weeks later, or all three vaccines concomitantly at 12 to 15 months of age. Blood samples were collected before
and 1, 2, 12, and 24 months after the boosting. Sera were analyzed for meningococcal serogroup C serum
bactericidal antibody (SBA) and IgG as well as Hib-polyribosylribitol phosphate (PRP)-specific IgG. The
antibody persistence data from this study were compared to those of a prior study of Southern et al. (Clin.
Vaccine Immunol. 14:1328–1333, 2007) in which children were given three primary doses of a vaccine con-
taining both the MCC and the Hib vaccines but were boosted only with a Hib conjugate vaccine. The magnitude
of the meningococcal SBA geometric mean titer was higher for those subjects primed with the MCC vaccine
conjugated to tetanus toxoid (NeisVac-C) than for those primed with one of two MCC vaccines conjugated to
CRM197 (Menjugate or Meningitec) up to 1 year following boosting. Two years after boosting, the percentages
of subjects with putatively protective SBA titers of >8 for children primed with NeisVac-C, Menjugate, and
Meningitec were 43%, 22%, and 23%, respectively. Additional booster doses of the MCC vaccine may be
required in the future to maintain good antibody levels; however, there is no immediate need for a booster
during adolescence, as mathematical modeling has shown that persisting herd immunity is likely to control
disease for a number of years.

A booster dose of meningococcal serogroup C conjugate
(MCC) and Haemophilus influenzae type b (Hib) conjugate
vaccine was introduced in September 2006 in England and
Wales for children in the second year of life in the form of a
combined vaccine, Menitorix (GlaxoSmithKline [GSK]), which
has tetanus toxoid (TT) as the carrier protein. In England and
Wales, infants receive a combined diphtheria toxoid (D), TT,
acellular pertussis (aP5), inactivated poliovirus (IPV), and
Hib-TT conjugate vaccine (DTaP5/IPV/Hib-TT; Pediacel;
Sanofi Pasteur) at 2, 3, and 4 months of age; MCC vaccination
at 3 and either 4 or 5 months of age; and a seven-valent

pneumococcal conjugate vaccine (PCV7; Prevenar; Wyeth
Vaccines) at 2 and 4 months of age. Three different MCC
vaccine manufacturers’ vaccines are available: two are conjugated
to CRM197, a nontoxigenic natural variant of diphtheria toxin
(Meningitec [Wyeth Vaccines] and Menjugate [Novartis Vac-
cines]), and one is conjugated to TT (NeisVac-C; Baxter Bio-
science). Although the data obtained following the administra-
tion of the current primary vaccine series in the United
Kingdom have been reported (16), antibody persistence fol-
lowing boosting with Menitorix and priming with two doses of
each of the licensed MCC vaccines has not been reported. This
report details the immunogenicity data for those receiving the
MCC and Hib vaccines, by primary MCC vaccine, for before
and at 1, 2, 12, and 24 months after a booster dose of Menitorix
administered at 12 to 15 months of age. The rates of antibody
decline for those receiving the Hib and MCC vaccines are also
compared.
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MATERIALS AND METHODS

Study population. Infants eligible for routine vaccination were recruited from
general practices (GPs) in Hertfordshire and Gloucestershire, England. The
criteria used for study participation included the following: there was no con-
traindication to vaccination, as specified in the Green Book (3); written informed
consent was obtained from the parent or legal guardian; and for the primary
vaccination, the infant could be aged no less than 7 weeks exactly and no more
than 11 weeks 6 days, as described previously (16).

Treatment and follow-up schedule. As reported previously (16), the infants
were randomized in order of inclusion in the study to one of six groups by
treatment schedule by using a computer-generated randomization list with a
block size of 16. Groups 1 to 3 received one of the three licensed MCC vaccines
(Meningitec, Menjugate, or NeisVac-C) and PCV7 at 2 and 3 months of age.
Those in groups 4 to 6 received an MCC vaccine and PCV7 at 2 and 4 months
of age. In the booster phase of this study, the subjects were offered Menitorix at
12 to 15 months of age followed by PCV7 and the measles, mumps, and rubella
(MMR) vaccine 4 to 6 weeks later, as in the national schedule. In response to the
question of whether all three vaccines could be administered at the same visit,
the study design was changed so that the subjects were randomized to receive
either the vaccines according to the existing national schedule or all three
vaccines concomitantly at 12 to 15 months of age. Blood samples were collected
before and 1, 12, and 24 months after the booster dose of Menitorix. Blood
samples were also collected 2 months following boosting with Menitorix from a
subgroup of infants who had received their PCV7 booster and MMR vaccine 1
month after the administration of Menitorix.

Previously unpublished antibody persistence data for children given three
primary doses of an MCC vaccine (either NeisVac-C, Meningitec, or Menjugate)
at 2, 3, and 4 months of age but who were not given a booster were available from
an earlier study (17) and were compared with the MCC persistence data ob-
tained after the Menitorix boosting in the current study. In the earlier study,
infants received three doses of a Hib-containing vaccine in infancy, and some of
those infants were boosted with a single-antigen Hib-TT vaccine (Hiberix; GSK)
in the second year of life. The levels of antibody persistence after the Hib booster
obtained in the two studies were compared.

Sera from both studies were analyzed for meningococcal serogroup C antibody
by the serum bactericidal antibody (SBA) assay, as described previously (11).
The SBA target strain was C11 (C:16:P1.7-1,1), and the complement source was
either baby rabbit serum (rSBA; Pel-Freeze Incorporated, Rodgerson, AZ) or,
for a subset of 50 subjects, complement-preserved human serum (hSBA; Sera
Laboratories International Ltd., West Sussex, United Kingdom) devoid of me-
ningococcal serogroup C bactericidal antibody. The subset of serum samples
analyzed with hSBA was selected from the first 50 subjects from whom all blood
samples were available for assay. SBA titers were expressed as the reciprocal of
the final serum dilution giving �50% killing at 60 min. For computational
purposes, SBA titers of �4 were assigned a value of 2. The meningococcal
serogroup C IgG antibody titer was determined by a standardized enzyme-linked
immunosorbent assay (ELISA), as described previously (6). Hib-polyribosylribi-
tol phosphate (PRP)-specific antibodies (IgG) were quantified by a standardized
ELISA (12). Sera were titrated against the international anti-Hib quality control
serum (Center for Biologics and Evaluation Research [CBER], 1983). The re-
sponses to PCV7, assessed at the Immunobiology Unit of the Institute of Child
Health, London, United Kingdom, will be reported separately.

Analyses. In all analyses, the serogroup C rSBA geometric mean titers
(GMTs) and the proportions of individuals achieving rSBA titers of �8 or �128
were calculated. For a subset of serum samples, the proportions achieving sero-
group C hSBA titers of �4 were calculated. An rSBA titer of �8 at 4 weeks after
vaccination was shown to predict short-term clinical protection against serogroup
C disease in the United Kingdom (1), while an rSBA titer of �128 reliably
predicted an hSBA titer of �4 (2), the accepted hSBA correlate of protection (7,
8). The total serogroup C-specific IgG geometric mean concentrations (GMCs)
were also determined. The Hib IgG antibody GMCs and the proportions achiev-
ing antibody concentrations of �0.15 �g/ml (the putative short-term protective
level) or �1.00 �g/ml (considered predictive of longer-term protection [9]) were
also calculated. Differences in responses according to the MCC vaccine were
assessed by the use of logistic regression (for proportions) and linear regression
(for logged antibody responses). A significance level of 0.05 was used. In order
to compare antibody decay for meningococcal serogroup C rSBA, IgG, and PRP
IgG after the primary and the booster vaccinations, data were plotted by using
the log of the antibody data against the log of the time, with trend lines being
fitted.

Sample size. To inform vaccination policies, it was decided that the data would
be analyzed when blood samples from 100 subjects had been collected 2 years
following their Menitorix booster.

Governance. The study was conducted in accordance with the 1996 Interna-
tional Conference on Harmonization Good Clinical Practice (ICH GCP) guide-
lines, the 2000 Declaration of Helsinki, and the 2004 European Union Clinical
Trial Directive. A favorable opinion was given by the United Kingdom Medicines
and Healthcare Products Regulatory Authority (MHRA) and the Eastern Multi
Centre Research Ethics Committee (MREC). The European Union Drug Reg-
ulating Authorities Clinical Trials number was 2004-001049-14, and the study
was registered on the public website ClinicalTrials.gov under the identifier
NCT00197808. For use of the serum samples from the prior study (17), favorable
opinions were gained from the Public Health Laboratory Service ethics commit-
tee, the East and North Hertfordshire Local Research Ethics Committee
(LREC), and the Gloucestershire LREC.

RESULTS

Study population. Of the 394 subjects, a total of 280 subjects
were included in the analysis because they received the booster
dose of Menitorix and at least one blood sample was collected
postboosting. The median age at the time of administration of
Menitorix was 12.8 months (age range, 12.0 to 14.8 months). A
total of 26 children were excluded from the prebooster analy-
sis, as they had received an additional MCC vaccine or Hib
conjugate vaccine (1 child had received both) because they had
not achieved the putative protective antibody levels 1 month
following receipt of their primary vaccination series. A pre-
booster blood sample was not obtained from an additional
25 subjects because they had received an additional dose of
PCV7, as they had been vaccinated under the schedule that
used vaccination at 2 and 3 months of age, which was shown
to be immunologically inferior to the schedule that used
vaccination at 2 and 4 months of age (16). Therefore, only
229 subjects were eligible for analysis preboosting. Of the
280 subjects boosted with Menitorix, blood was collected
from 253 subjects at 1 month postboosting, blood was col-
lected from 131 subjects at 2 months postboosting (these sub-
jects received PCV7 1 month following administration of
Menitorix), blood was collected from 223 subjects at 1 year
postboosting, and blood was collected from 132 subjects at 2
years postboosting.

The total number of subjects for whom meningococcal se-
rogroup C rSBA titers, IgG concentrations, and Hib IgG con-
centrations were available was less due to insufficient sera for
assay. The median intervals from the time of administration of
Menitorix for blood samples obtained 1, 2, 12, and 24 month
postboosting were 33 days (range, 27 to 56 days), 63 days
(range, 56 to 89 days), 377 days (range, 329 to 426 days), and
742 days (range, 705 to 784 days). No significant differences in
the responses between males and females were found for any
of the serologic measurements.

Responses to MCC vaccine. Table 1 shows the meningococ-
cal serogroup C rSBA GMTs and the percentage of subjects
with rSBA titers of �8 and �128, by each of the three MCC
vaccines used for priming, before and at 1, 2, 12, and 24 months
after the administration of Menitorix. The rate of antibody
persistence following the two-dose primary series of
NeisVac-C but before the Menitorix booster was 48% for sub-
jects with rSBA titers of �8, and the rSBA GMT was 8.7 (95%
confidence interval [CI], 5.7 to 13.3). Significantly poorer
antibody persistence was demonstrated for those primed
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with two doses of Menjugate or Meningitec than for those
primed with NeisVac-C, in which 21% and 17% of subjects
receiving Menjugate and Meningitec had rSBA titers of �8,
respectively; and the rSBA GMTs were 3.7 (95% CI, 2.7 to 5.0)
and 3.3 (95% CI, 2.5 to 4.3), respectively.

One month after the administration of Menitorix, 100% of
the subjects receiving a primary course of NeisVac-C achieved
an rSBA titer of �8, and the rSBA GMT was 2,085.7 (95% CI,
1,475.6 to 2,948.0). rSBA GMTs were significantly lower for
the subjects primed with Menjugate (rSBA GMT, 467.3; 95%
CI, 329.8 to 662.1) or Meningitec (rSBA GMT, 368.4; 95% CI,
253.7 to 534.9). For Menjugate and Meningitec, the propor-
tions of subjects with rSBA titers of �8 were 96% and 95%,
respectively. The significant difference in rSBA GMTs per-
sisted to 24 months postboosting.

From 1 to 2 months following the administration of Meni-
torix, 65%, 27%, and 32% decreases in the rSBA GMTs for
subjects primed with Meningitec, Menjugate, and NeisVac-C,
respectively, were observed. At 2 months following vaccina-
tion with Menitorix, the proportions of subjects with rSBA
titers of �8 for children primed with NeisVac-C, Menjugate,
and Meningitec were 100%, 96%, and 89%, respectively. At 12

months following vaccination with Menitorix, the proportions
of subjects with rSBA titers of �8 for children primed with
NeisVac-C, Menjugate, and Meningitec were 85%, 38%, and
33%, respectively. At 24 months following vaccination with
Menitorix, the proportions of subjects with rSBA titers of �8
for children primed with NeisVac-C, Menjugate, and Menin-
gitec were 43%, 22%, and 23%, respectively.

The hSBA assay was performed with samples from a subset
of 50 individuals (for NeisVac-C, n � 16; for Menjugate, n �
15; for Meningitec, n � 19) to compare the percentage of
subjects with putative protective titers by the hSBA assay (titer,
�4) with percentage of subjects with putative protective titers
by the rSBA assay (titer, �8), regardless of the priming MCC
vaccine used. The percentages putatively protected before and
at 1, 2, 12, and 24 months after the administration of Menito-
rix, as determined by the hSBA assay, are given in Table 2.
Significantly fewer subjects were protected as measured by the
hSBA assay than as measured by the rSBA assay at 12 months
(McNemar’s test, P � 0.008), but this difference did not persist
to 24 months (P � 0.68).

The serogroup C-specific IgG GMCs and 95% CIs are given
in Table 3. At both 1 and 2 months following the administra-

TABLE 1. Percentages of subjects achieving meningococcal serogroup C rSBA titers �8 or �128 and rSBA GMTs before and 1, 2, 12, and
24 months following administration of Menitorix at 12 to 14 months of age, by priming MCC vaccine

Time from administration
of Menitorix (mo) Parameter

Result obtained with the following priming meningococcal serogroup
C conjugate vaccine:

Meningitec Menjugate NeisVac-C

Preboosting No. of subjects 71 66 65
GMT (95% CI) 3.3 (2.5–4.3) 3.7 (2.7–5.0) 8.7 (5.7–13.3)
% of subjects with a titer �8 (95% CI) 17 (9–28) 21 (12–33) 48 (35–60)
% of subjects with a titer �128 (95% CI) 6 (2–14) 5 (1–13) 14 (7–25)

1 No. of subjects 80 91 76
GMT (95% CI) 368.4 (253.7–534.9) 467.3 (329.8–662.1) 2,085.7 (1,475.6–2,948.0)
% of subjects with a titer �8 (95% CI) 95 (88–99) 96 (89–99) 100 (95–100)
% of subjects with a titer �128 (95 % CI) 86 (77–93) 88 (79–94) 97 (91–100)

2 No. of subjects 36 45 43
GMT (95% CI) 128.0 (69.4–235.9) 343.0 (203.8–577.3) 1,413.6 (882.7–2,263.8)
% of subjects with a titer �8 (95% CI) 89 (74–97) 96 (85–99) 100 (92–100)
% of subjects with a titer �128 (95% CI) 64 (46–79) 82 (68–92) 98 (88–100)

12 No. of subjects 63 84 66
GMT (95% CI) 6.5 (4.2–10.1) 7.0 (4.9–10.0) 82.3 (48.5–139.9)
% �8 (95% CI) 33 (22–46) 38 (28–49) 85 (74–92)
% �128 (95% CI) 11 (5–22) 10 (4–18) 55 (42–67)

24 No. of subjects 35 45 42
GMT (95% CI) 3.6 (2.4–5.6) 4.3 (2.8–6.7) 9.0 (5.0–16.0)
% of subjects with a titer �8 (95% CI) 23 (10–40) 22 (11–37) 43 (28–59)
% of subjects with a titer �128 (95% CI) 3 (0–15) 9 (2–21) 19 (9–34)

TABLE 2. Percentages of subjects with hSBA titers �4 and rSBA titers �8 before and at 1, 2, 12, and 24 months
after administration of Menitorix

Parameter
Result for the following time (mo) after administration of Menitorix:

0 1 2 12 24

% of subjects with hSBA titer �4 16 (8/49)a 94 (46/49) 82 (37/45) 31 (15/49) 24 (12/49)
% of subjects with rSBA titer �8 31 (15/49) 92 (46/50) 92 (44/48) 54 (27/50) 30 (15/50)

a The data in parentheses indicate the number of subjects with the indicated titer/total number of subjects evaluated.
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tion of Menitorix, similar serogroup C-specific IgG GMCs
were demonstrated for those primed with either Meningitec or
Menjugate, although the GMCs for those primed with
NeisVac-C were significantly higher. The serogroup C-specific
IgG GMCs declined rapidly from 2 to 12 months after boosting
and by 24 months were back to preboosting levels, regardless
of the priming MCC vaccine used.

Responses to Hib vaccine. Table 4 shows the PRP IgG GMCs
and the percentages of subjects with PRP IgG concentrations
of �0.15 �g/ml and �1.0 �g/ml before and at 1, 2, 12, and 24
months after the administration of Menitorix. As the PRP IgG
concentration did not depend on the priming MCC vaccine
used, the results were combined for the three priming MCC
vaccines. At 1, 2, 12, and 24 months after the administration of
Menitorix, regardless of the priming MCC vaccine used, at
least 98% of the subjects had the putative short-term correlate
of protection, a PRP IgG concentration of �0.15 �g/ml. At 24
months postboosting, the PRP IgG concentration remained
significantly higher than the levels preboosting.

Antibody kinetics for MCC and Hib conjugate vaccines.
Comparison of the antibody kinetics with boosting (the present
study) and without boosting (17) in the second year of life
showed similar decay patterns (changes in the log SBA titer
per log10 unit of time, �1.60 and �1.55, respectively) (Fig. 1).
Thus, for a doubling in time, the rSBA titers decreased by
approximately two-thirds, irrespective of whether a booster
dose was given in the second year of life. The decay pattern for

serogroup C-specific IgG concentrations postboosting was
again similar to that after the primary vaccination (changes in
the log SBA titer per log10 unit of time, �0.95 and �0.86,
respectively) (Fig. 2); with a doubling of time, the IgG concen-
trations became approximately half. The PRP IgG concentra-
tions after booster decay in the present study (�1.00) and the
prior study of Southern et al. (17) (�1.08) were similar to the
concentration of serogroup C-specific IgG; with a doubling of
time, the IgG concentrations were approximately half (Fig. 3).

DISCUSSION

This is the first report of antibody persistence up to 24
months following boosting with Menitorix at 12 to 15 months
of age in subjects randomized to receive a primary vaccination
with two doses of one of the three licensed monovalent MCC
vaccines given concomitantly with PCV7 and the DTaP5/IPV/
Hib-TT (Pediacel) vaccine. The magnitude of the meningococ-
cal SBA GMT was higher for those subjects primed with
NeisVac-C than for those primed with Menjugate or Menin-
gitec up to 1 year following boosting with Menitorix. This may
be due to priming and boosting with the same carrier protein,

FIG. 1. Meningococcal serogroup C rSBA titers and trend lines by
time since primary vaccination (red triangles and dotted trend line)
and time since booster vaccination (blue diamonds and solid trend
line).

TABLE 3. Serogroup C-specific IgG GMCs and 95% CIs before and 1, 2, 12, and 24 months following administration of Menitorix at 12 to
14 months of age, by priming MCC vaccine

Time from administration
of Menitorix (mo) Parameter

Result obtained with the following priming meningococcal serogroup C conjugate vaccine:

All combined Meningitec Menjugate NeisVac-C

Preboosting No. of subjects 206 70 66 65
GMC (95% CI) 0.54 (0.48–0.62) 0.52 (0.42–0.64) 0.59 (0.47–0.73) 0.53 (0.42–0.68)

1 No. of subjects 250 80 91 76
GMC (95% CI) 7.11 (6.35–7.95) 6.73 (5.47–8.28) 5.98 (5.04–7.09) 9.39 (7.63–11.55)

2 No. of subjects 124 36 44 43
GMC (95% CI) 5.64 (4.78–6.66) 5.00 (3.67–6.81) 4.53 (3.44–5.96) 8.02 (6.09–10.57)

12 No. of subjects 217 63 83 66
GMC (95% CI) 0.73 (0.63–0.84) 0.65 (0.53–0.8) 0.67 (0.52–0.86) 0.90 (0.69–1.17)

24 No. of subjects 125 35 45 42
GMC (95% CI) 0.41 (0.34–0.48) 0.43 (0.32–0.59) 0.39 (0.30–0.51) 0.41 (0.30–0.56)

TABLE 4. Proportions of subjects achieving Hib-PRP IgG GMCs
and percentages of subjects achieving PRP IgG concentration of

�0.15 �g/ml or �1.0 �g/ml 1, 2, 12, and 24 months following
administration of Menitorix at 12 to 14 months of age

Time from
administration
of Menitorix

(mo)

No. of
subjects GMC (95% CI)

% of subjects with PRP IgG
concn of (95% CI):

�0.15 �g/ml �1.0 �g/ml

Preboosting 210 0.58 (0.49–0.69) 82 (76–87) 33 (27–40)
1 253 43.47 (36.56–51.70) 99 (97–100) 98 (96–100)
2 131 23.86 (18.75–30.38) 98 (95–100) 98 (93–100)
12 221 3.34 (2.82–3.96) 99 (96–100) 84 (79–89)
24 126 2.30 (1.87–2.84) 98 (94–100) 75 (67–83)
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in this case, TT, which is superior to priming and boosting with
different carrier proteins. Another explanation is that priming
with NeisVac-C is superior to that with Menjugate or Menin-
gitec, regardless of the carrier protein of the conjugate utilized
for boosting, reflecting the use of the TT carrier for both the
primary and the booster conjugate vaccines (4). A further
factor contributing to the better antibody persistence fol-
lowing priming with NeisVac-C than following priming with
Menjugate or Meningitec is that NeisVac-C utilizes a de-O-
acetylated polysaccharide which has been demonstrated to
be a better immunogen than the O-acetylated form (5).

Two years out from vaccination with Menitorix, the propor-
tions of subjects with rSBA titers of �8 for children primed
with NeisVac-C, Menjugate, and Meningitec were 43%, 22%,
and 23%, respectively. This relatively poor antibody persis-
tence was surprising, although to date, the kinetics of antibody
persistence of meningococcal antibodies have not been stud-
ied. The proportions of subjects maintaining protective levels
of antibodies after the administration of other conjugate vac-
cines such as Hib are more satisfactory following boosting, as
demonstrated in this study and elsewhere (17, 18). As the rate
of antibody decay is similar for both PRP IgG (�1.00) and
meningococcal serogroup C IgG (�0.95) following boosting,
the actual magnitude of the booster response appears to deter-
mine persistence; the PRP IgG GMCs were substantially higher
than the serogroup C IgG GMCs 1 month following boosting.
Predictors of long-term humoral immunity following the ad-
ministration of a primary series of the MCC vaccine have
previously been shown to be the absolute level of serogroup C
rSBA and IgG and the frequency of memory B cells 1 month
after the administration of the primary series (13). The more
rapid decay (�1.60) in the rSBA titers than the serogroup C
IgG or PRP IgG concentrations following administration of
the Menitorix booster (P � 0.001) is of note. It has previously
been postulated that rSBA titers disproportionally reflect the
titers of IgM antibodies (14), which have a shorter half-life
than IgG antibodies. The hSBA assay, in which IgM antibodies
are not bactericidal, was performed with a subset of sera to
investigate this. However, 1 year following boosting, the pro-
portion of children with putatively protective hSBA titers, 31%
(15/49), was lower than the proportion of children with puta-
tively protective rSBA titers, 54% (27/50). Future work of

interest would be the performance of the SBA assay for Hib to
investigate whether a similar disparity exists for IgG and SBA
titers.

A prior study showed that 37% of unprimed children (me-
dian age, 2.3 years; age range, 1.4 to 3.2 years) who received a
single dose of MCC vaccine (Meningitec) had rSBA titers of
�8 at a median interval of 1.8 years (range, 1.2 to 2.7 years)
after vaccination (15). This is similar to the proportion of
33.9% for children primed with Meningitec 1 year following
their booster with Menitorix in this study. However, the age of
the unprimed children at the time of vaccination in the previ-
ous study was higher than that of the children in the present
study, and the age of boosting has previously been shown to
influence the magnitude of the response (17).

In England and Wales, there have been no known Menitorix
vaccine failures to date among the five meningococcal sero-
group C cases in children born on or after 4 September 2005
(Health Protection Agency, unpublished data). This suggests
that there is little exposure to serogroup C meningococci,
probably due to herd immunity effects (20). Monovalent MCC
vaccines also proved effective when they were administered as
a single dose in the United Kingdom toddler catch-up and had
proven effectiveness for at least 4 years, despite a slight waning
of effectiveness after the first year of vaccination (19).

Few data on antibody persistence following two-dose pri-
mary courses of MCC and Menitorix boosting have been pub-
lished. A study in Spain used a two-dose primary course of
NeisVac-C at 2 and 4 months of age, with a booster of Meni-
torix being given at a mean of 13.3 months of age (standard
deviation, �0.5 months) (18). For the Spanish study, the pro-
portions of subjects with rSBA titers of �8 before boosting
with Menitorix and at 1 month and 18 months after boosting
were 87.8%, 99.2%, and 95%, respectively. In the current
study, the proportions of subjects with rSBA titers of �8 were
48%, 100%, 85%, and 43% before and at 1, 12, and 24 months
after boosting with Menitorix, respectively. In the Spanish
study, the rSBA GMTs before boosting with Menitorix and at
1 month and 18 months after boosting were 87.8 (95% CI, 80.4
to 93.2), 10,130.0 (95% CI, 7,590.7 to 13,518.8), and 293.8
(95% CI, 212.8 to 405.7), respectively. In the current study, the
rSBA GMTs before and at 1, 12, and 24 months after boosting
with Menitorix were 8.7 (95% CIs, 5.7 to 13.3), 2,085.7 (95%
CIs, 1,475.6 to 2,948.0), 82.3 (95% CIs, 48.5 to 139.9), and 9.0

FIG. 2. Meningococcal serogroup C-specific IgG antibody concen-
trations and trend lines by time since primary vaccination (red triangles
and dotted trend line) and time since booster vaccination (blue dia-
monds and solid trend line).

FIG. 3. Hib-PRP IgG antibody concentrations and trend line by
time since booster vaccination.

158 BORROW ET AL. CLIN. VACCINE IMMUNOL.



(95% CIs, 5.0 to 16.0), respectively. The difference in rSBA
titers between these studies may be due to differences in the
SBA assays performed for the Spanish study in the laboratories
of GlaxoSmithKline Biologicals in Rixensart, Belgium, and the
current study performed in the Health Protection Agency lab-
oratories in Manchester, United Kingdom. Other confounders
include the concomitant use of vaccines; for example, in the
Spanish study, PCV7 was not administered and Infanrix hexa
(a vaccine for the prevention of diphtheria, tetanus, pertussis
[whooping cough], hepatitis B, poliomyelitis, and Hib infec-
tion) was given at 2, 4, and 6 months, whereas in the current
study, Pediacel was given at 2, 3, and 4 months.

Booster doses of MCC may be required in the future to
maintain good antibody levels through adolescence, the age at
which meningococci are primarily carried (10). There is, how-
ever, no immediate need for a booster vaccination during
adolescence, as mathematical modeling has shown that persist-
ing herd immunity will maintain disease control for a number
of years (20).
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