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Vaccine Reports

Background: Protection after meningococcal C (MenC) conjugate (MCC) 
vaccination in early childhood is short-lived. Boosting with a quadrivalent 
vaccine in teenage years, a high-risk period for MenC disease, should pro-
tect against additional serogroups but might compromise MenC response. 
The carrier protein in the primary MCC vaccine determines the response to 
MCC booster in toddlers, but the relationship between primary vaccine and 
booster given later is unclear. This study compared responses to a CRM-
conjugated or tetanus toxoid (TT)-conjugated MenACWY vaccine in teen-
agers primed with different MCC vaccines at preschool age.
Methods: Ninety-three teenagers (16–19 years), who were previously ran-
domized at age 3–6 years to receive single-dose MCC–CRM or MCC–TT, 
were randomized to receive either MenACWY–CRM or MenACWY–TT 
booster. Serum bactericidal antibodies (SBA, protective titer ≥8) were 
measured before, 1 month and 6 or 9 months after boosting.
Results: Preboosting, MCC–TT-primed teenagers had significantly higher 
MenC SBA titers than those MCC–CRM-primed (P = 0.02). Postboosting, 
both MenACWY vaccines induced protective SBA titers to all 4 serogroups 
in most participants (≥98% at 1 month and ≥90% by 9 months postboost). 
The highest MenC SBA titers were seen in those MCC–TT-primed and 
MenACWY–TT-boosted [geometric mean titer (GMT) ~ 22,000] followed 
by those boosted with MenACWY–CRM irrespective of priming (GMT ~ 
12,000) and then those MCC–CRM-primed and MenACWY–TT-boosted 
(GMT ~ 5500). The estimated postbooster MenC SBA decline beyond 1 
month was ~40% as time since booster doubles. Both vaccines were well 
tolerated with no attributable serious adverse events.

Conclusion: Both MenACWY vaccines safely induced protective sustained 
antibody responses against all targeted serogroups in MCC-primed teenagers.

Key Words: meningococcal, vaccine, teenagers, antibody, randomized trial

(Pediatr Infect Dis J 2015;34:865–874)

As meningococcal serogroup C (MenC) disease occurs primarily 
in infants and teenagers, the introduction of MenC conjugate 

(MCC) vaccination into the UK immunization schedule in 1999 
was complemented by a catch-up vaccination campaign to 18 years 
of age.1 This led to rapid and marked reductions in disease inci-
dence,1 attributable deaths2 and carriage,3,4 with evidence of herd 
protection.5 However, poor antibody persistence was observed in 
infants and young children,6,7 raising concerns about sustained 
protection because persistent serum bactericidal antibody (SBA) 
determines long-term efficacy.8 To extend antibody persistence, 
in 2006, the immunization schedule was restructured to 2 priming 
MCC doses in infancy, using vaccines conjugated to either teta-
nus toxoid (TT; NeisVac-C; Thetford, Norfolk, UK) or a diphthe-
ria toxin variant, cross-reacting material (CRM) 197 (Menjugate, 
Novartis, Siena, Italy; or Meningitec, formerly Nuron Biotech) and 
a booster at 12 months of age using Menitorix (GlaxoSmithKline, 
Rixensart, Belguim) [MCC–TT plus Haemophilus influenza type b 
(Hib)]. Despite this, antibody persistence remained poor.9

To ensure protective antibody through the teenage years, 
which is a high-risk period for disease and carriage,4 a teenage MCC 
booster dose was introduced from 201310 to directly protect vaccines 
and help ensure maintenance of herd protection in the United King-
dom. However, it remains unclear how the different vaccines used in 
the childhood immunization schedule would affect booster responses 
in teenagers. Response to MCC booster given at 12 months of age 
depends on the primary vaccine given, with postbooster MenC SBA 
titers higher in children primed with MCC–TT than those primed 
with MCC–CRM.9 In children primed with MCC–TT, Hib–MCC–
TT or MCC–CRM, and then given MCC–TT at age 13–14 months, 
the MenC-protected proportion (SBA titers ≥8) at 5 years postbooster 
was highest in those primed with MCC–TT.11 Better understanding 
of these interactions between priming and booster vaccines and car-
rier proteins would help further inform meningococcal vaccination 
policy, but this has not previously been studied in teenagers.

To investigate this, we identified a cohort of teenagers who 
were randomized to receive either MCC–TT (NeisVac-C) or MCC–
CRM (Meningitec or Menjugate) at age 3.5–6 years during a trial 
conducted before the national introduction of MCC in 199912 and 
were thus ideally suited to assess the response to a CRM-conju-
gated or TT-conjugated booster given in the teenage years. More-
over, an alternative to boosting with MCC vaccines would be to 
use quadrivalent conjugate vaccines offering additional benefit in 
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protection from serogroups A, Y and W. In view of recent evidence 
of increased W disease,13 a policy of boosting with a MenACWY 
vaccine was considered, but there were concerns about possible 
interference with the C-specific response.14 Therefore, this trial 
assessed and compared the immunogenicity and safety of either 
a CRM-conjugated (MENVEO, Novartis, Siena, Italy) or TT-
conjugated (NIMENRIX, GlaxoSmithKline, Rixensart, Belgium) 
MenACWY vaccine in teenagers who received either MCC–TT or 
MCC–CRM during a primary vaccination study 12–14 years ear-
lier. The main aim was to evaluate the role of MCC primary vaccine 
carrier proteins on responses to MenACWY vaccine in teenagers.

METHODS
Participants were recruited from a cohort of teenagers in Hert-

fordshire and Gloucestershire, England, who were randomized to 
receive a single dose of MCC between 3.5 and 5.9 years of age, dur-
ing a previous study between January 1998 and May 200012 (Fig. 1). 
Healthy volunteers from that cohort who were still locally available, 
eligible and provided written consent were grouped by primary vac-
cine and randomized to receive either CRM-conjugated or TT-conju-
gated MenACWY booster. Sera were collected before, 28 days after 
and either 6 or 9 months after booster to allow modeling of antibody 
decline by time since booster. Seroprotected proportions (SBA titers 
≥8), ≥4-fold rises in SBA titer, SBA geometric mean titers (GMTs) 
and immunoglobulin (IgG) geometric mean concentrations (GMCs) 
were calculated. Preboost antibody levels were compared by primary 
vaccine using a Kruskal–Wallis test, whereas normal errors regres-
sion modeling was used to analyze postvaccination measurements 
(see further details in Supplemental Digital Content 1, http://links.
lww.com/INF/C165). Antibody data were modeled as log-titer against 
log-time to assess decline over time using a fixed effects model to 
allow for decline in individual responses, as previously described.9 
The aim of the trial was to estimate the percentages of subjects achiev-
ing protective antibody levels in each treatment group with 95% con-
fidence interval (CI) widths ≤±10% (assumed observed percentage 
≥90%), needing a sample size of 50 in each study group. However, it 
was acknowledged from the outset that recruitment was unpredictable 
because of the strictly restricted pool of potential participants drawn 
from a specific previous study cohort. The eventual numbers recruited 
were lower than aimed, with corresponding effects on estimates preci-
sion and detectable differences. The subset of children who partici-
pated in this study were similar to those who did not, with respect to 
age at preschool vaccination and the proportions that received each 
of the 3 primary MCC vaccines, whereas gender proportions differed 
(38.7% male among this study participants, compared with 52.1% 
among nonparticipants, P = 0.02). The primary response to MCC vac-
cine in the original study was similar between this study participant 
subset and nonparticipants (see Table, Supplemental Digital Content 
2, http://links.lww.com/INF/C166).

MenACWY conjugate vaccines were provided by the manu-
facturers. Novartis MenACWY contains capsular oligosaccharides 
conjugated to CRM197,15 whereas GSK MenACWY is conjugated 
to TT.16–18 Primary vaccines used in the original study were previ-
ously described.12 Reactions were monitored via telephone, self-
completed diary and enquiry at study visits. The trial was author-
ized by the UK Medicines and Healthcare products Regulatory 
Authority and conducted in accordance with the Helsinki Declara-
tion (2008). It was registered with the clinical trials registration site 
www.ClinicalTrials.gov (identifier NCT01192997).

RESULTS
A total of 93 teenagers were enrolled (Fig. 1), aged 16–19 

years, with a period of 12–14 years between primary (preschool) 

and booster (teenage) vaccination. Preboost, 1-month postboost 
and persistence blood samples were provided by 93, 92 and 91 par-
ticipants, respectively.

Preboost Serology
Teenagers who were randomized for primary vaccination 

with MCC–TT had significantly higher MenC SBA GMT than those 
primed with either of the MCC–CRM primary vaccines (P = 0.02). 
Also, a relatively greater proportion of them still had protective 
SBA titer, although CIs overlapped with the MCC–CRM-primed 
groups (Table 1). Individual-level data from the original preschool 
study was accessed to compare historical postprimary titers (after 
MCC vaccination ≥12 years previously) with corresponding pre-
MenACWY booster titers obtained in this study. Although most 
individual SBA titers had waned since priming, postprimary and 
preboost SBA titers (Fig. 2) were positively associated (rank cor-
relation r = 0.45 with all data or 0.57 excluding 2 participants with 
postprimary titer <8). Notably, 73% (11 of 15) of the highest initial 
responders (SBA titer ≥8192) still had titers ≥8 over a decade later, 
compared with 25% (6 of 24) of those with more moderate postpri-
mary titers (64–4096).

Participants had raised tetanus and diphtheria antibody lev-
els, which was as anticipated because vaccines against both are 
included in UK routine immunization schedules.

Postboost MenC Serology
One month postbooster, 100% of participants achieved pro-

tective serogroup-specific SBA responses against all 4 meningo-
coccal serogroups, except for 2% for MenY in those boosted with 
MenACWY–CRM (Table  2). When categorized by primary vac-
cine (Table 1), there was also 100% seroprotection in all categories, 
except for 3% for MenY in those primed with MCC–TT. Therefore, a 
limited number of MCC–TT-primed individuals who received CRM-
conjugated booster did not achieve MenY seroprotection. Protected 
proportions were similar whether gauged by the ≥8 titer threshold 
or conservatively by ≥128 (not shown). SBA titers showed evidence 
of an interaction between the primary vaccine and the booster given  
(P = 0.03). This appeared to arise from MenACWY–TT generat-
ing significantly (P < 0.001) higher SBA titers in those primed with 
MCC–TT (GMT ~ 6400, 4800, 21,600 for Menjugate, Meningitec 
and NeisVac-C, respectively); whereas MenACWY–CRM-boosted 
individuals showed no difference (P = 0.81) by primary vaccine 
(GMT ~ 11,100, 13,000, 11,100 for Menjugate, Meningitec and 
NeisVac-C, respectively; Fig. 3 and see Table, Supplemental Digi-
tal Content 3, http://links.lww.com/INF/C167). Comparisons across 
the 6 study arms, based on nonoverlapping 95% CIs, showed no 
further remarkable postbooster variations (Fig. 3). To compare the 
1-month teenage postbooster responses observed in this study with 
the responses to primary childhood vaccination measured in the 
original study, logged (teenage) postboost titers were modeled on 
logged (original) postprimary titers, taking account of the primary 
and booster vaccines received. Associations between postprimary 
and postboost MenC antibody for both SBA and IgG levels were 
weak and not statistically significant (r = 0.27, P = 0.26 for SBA; r = 
0.21, P = 0.09 for IgG enzyme-linked immunosorbent assay). In con-
trast to IgG, SBA responses showed comparatively less variability 
and generally higher postboost relative to postprimary titers (see Fig., 
Supplemental Digital Content 4, http://links.lww.com/INF/C168).

Beyond the 1-month time point, MCC–TT-primed partici-
pants had significantly higher MenC SBA GMTs than those MCC–
CRM-primed if boosted with MenACWY–TT (P = 0.01) but not 
MenACWY–CRM (P = 0.50). Pooling together the 6-month and 
9-month postbooster time points, the SBA GMTs for Menjugate, 
Meningitec and NeisVac-C were 983, 583 and 2702, respectively, 

http://links.lww.com/INF/C165
http://links.lww.com/INF/C165
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http://www.ClinicalTrials.gov
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for teenagers boosted with MenACWY–TT; compared with 2139, 
2323 and 3128 for those boosted with MenACWY–CRM (see 
Table, Supplemental Digital Content 5, http://links.lww.com/INF/
C169). Overall this meant that Novartis MenACWY–CRM vac-
cine gave significantly higher MenC titers than MenACWY–TT  
(P = 0.02, adjusted for primary vaccination and time since vaccina-
tion) (1.97-fold difference, 95% CI: 1.10–3.53).

Postboost Serology for Other Antigens
For MenA, 1 month after booster, MenACWY–CRM 

induced significantly higher SBA titers than MenACWY–TT 
(Table  1; P = 0.02, adjusted for primary vaccination); but this 
difference was not significantly sustained at further follow-up. 
MenW and MenY antibodies did not differ significantly between 

booster vaccine groups or by other comparisons (Tables 1–4 and  
Fig. 3B–D). Understandably, only MenACWY–TT increased teta-
nus IgG levels, whereas MenACWY–CRM boosted diphtheria 
antibody (see Tables, Supplemental Digital Content 6 and 7, http://
links.lww.com/INF/C170 and http://links.lww.com/INF/C171).

Kinetics
Antibody decline over time was modeled as log-titer against 

log-time, for both SBA (Fig. 4) and IgG (see Fig., Supplemental 
Digital Content 8, http://links.lww.com/INF/C170). Fold change in 
SBA titers as time doubles (beyond day 28) was estimated at 0.57 
for MenC (95% CI: 0.53–0.62) and 0.63 for MenW (0.58–0.69); 
both declining more rapidly than MenA, 0.84 (0.79–0.91) and 
MenY, 0.80 (0.75–0.85).

Booster vaccine group
(provided pre-boost blood 

sample and  received 
allocated booster)

MenACWY-TT (GSK)
n = 46

MenACWY-CRM (Novartis)
n = 47

Priming vaccine received
(during original study)

(MCC-CRM)
Menjugate®

n=17

(MCC-CRM)
Meningitec®

n=14

(MCC-TT)
NeisVac-C®

n=15

(MCC-CRM)
Menjugate®

n=16

(MCC-CRM)
Meningitec®

n=12

(MCC-TT)
NeisVac-C®

n=19

Provided 1-month post-boost 
blood sample n=17 14 15 n=16 12

18
(1 lost to 
follow-up; 
relocated)

Provided final post-boost 
blood sample

(All included in analysis)
n=17 14 15 n=16

11
(1 lost to 
follow-up; 

loss of 
contact)

18

Original study: 
MCC-CRM (Menjugate® or Meningitec®) or MCC-TT (NeisVac-C®) primary vaccination of children aged 3.5-5.9 years (n=832)

Unable to trace (n=217)
- Preliminary check on the health service 

demographics system indicated no longer 
registered for services in the study areas

Randomised: teenagers aged 16-19 years (n=93)

For this study:
GP (family doctor) records checked to confirm if original study participants still on local health service registers (n=615)

Confirmed as still on health service registers in study areas; available for invitation to join this study (n=558)

Unable to confirm if still on local registers (n=57)
- GPs unable to check records

Excluded (n=465)
- Did not respond to study invitation (n=456)
- Responded late, after recruitment (n=1)
- Declined to participate (n=2)
- Did not meet inclusion criteria (n=6)

FIGURE 1.  Study participants and progression flow chart (CONSORT diagram).
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Tolerability and Safety
None of the 4 serious adverse events was investigator-

assessed as causally vaccine-related. Of 3 that occurred in the 
MenACWY–CRM group, 1 was an incident case of ulcerative 
colitis onset ~20 weeks after vaccination and was stably managed 
as an out-patient. The other 2 involved brief hospitalization (1 for 
transient disorientation following suspected spiked social drinks 
and the other for severe tonsillitis); both fully recovered. The only 
serious adverse event in the GSK MenACWY–TT group was a 
hospital-treated case of appendicitis. No participant withdrew from 
the study, but 2 were lost to follow-up (Fig. 1). Participant diary-
reported solicited symptoms indicated an overall similar level of 
reactogenicity between the booster vaccines. The more severe 
grades of reactions were generally rare, although some appeared to 
be more often reported with either MenACWY–CRM (redness and 
muscle pain) or MenACWY–TT (tiredness).

DISCUSSION

Key Findings
This study compared meningococcal serogroup-specific 

responses to 2 (CRM-conjugated or TT-conjugated) MenACWY 
booster vaccines, in teenagers who had been primed with a CRM-
conjugated or TT-conjugated MCC vaccine at 3–6 years of age. The 
primary objective was to examine the relationships between child-
hood priming and teenage boosting with the different meningococ-
cal antigen carrier proteins used in UK-licensed vaccines. Both 
booster vaccines induced high SBA levels against all 4 serogroups, 
which were sustained through 9-month follow-up, demonstrating 
for the first time that either CRM-conjugated or TT-conjugated 
MenACWY vaccines induce lasting protective immune responses 
in teenagers primed at preschool age, regardless of the primary 
MCC vaccine received. In a persistent interaction effect, Men-
ACWY–TT stimulated higher MenC SBA titers in those primed 
with MCC–TT than MCC–CRM-primed individuals. At follow-up, 
MenACWY–CRM elicited significantly higher MenC antibody 
titers after adjusting for primary vaccine and time since vaccina-
tion. Given the strong and persistent responses to both vaccines, 
the postbooster differences may not be important for effectiveness. 
Second, this study also enabled observation of novel long-term 
MenC postprimary antibody persistence data at 12–14 years after 

FIGURE 2.  Comparison of postprimary and preboost 
MenC SBA titers: MenC SBA titers after the original 
primary vaccination at preschool age (postprimary, x-axis); 
compared with MenC SBA titers ≥12 years later (measured 
immediately before teenage booster vaccination; preboost, 
y-axis). Correlation between postprimary and preboost 
titers, r = 0.45, n = 41 (all teenagers who had MenC 
SBA results from the original study) or r = 0.57, n = 39 
(excluding the 2 individuals who had postprimary titers <8 
in the original study).
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FIGURE 3.  Serogroup-specific meningococcal SBA; before and 1 month after boosting with quadrivalent TT-conjugated 
or CRM-conjugated MenACWY vaccines, in teenagers who were primed in childhood with either a TT or CRM-conjugated 
meningococcal C conjugate (MCC) vaccine. Bars represent different combinations of vaccines (primary/booster); error bars 
represent 95% CI. The horizontal axis labels indicate the various combinations of prime and booster vaccines received. 
Priming vaccines: Menjugate (MCC–CRM, labeled as C-CRM 1); Meningitec (MCC–CRM, labeled as C-CRM 2) or NeisVac-C 
(MCC–TT, labeled as C-TT). Booster vaccines: MenACWY–CRM (Menveo, Novartis, labeled as ACWY-CRM) or MenACWY–TT 
(Nimenrix, GSK, labeled as ACWY-TT). Panels: (A) MenC; (B) MenW; (C) MenA and (D) MenY.
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preschool priming, providing possibly the lengthiest primary per-
sistence estimates available for this age-group.

Vaccine Carrier Protein Influence
In our original preschool study, MCC–TT was the most 

immunogenic primary vaccine,12 and MCC–TT-primed individuals 
in this study had significantly higher SBA titers before boosting. For 
those primed with either of the two MCC–CRM vaccines, the com-
posite (Menjugate plus Meningitec) proportion that still retained 
seroprotection before boosting was 32% (95% CI: 21–46%), nota-
bly consistent with a UK serosurvey finding that 31.7% (23–42%) 
of those eligible for single-dose (mainly MCC–CRM) “catch-up” 
vaccination in England at toddler/preschool age had protective 
SBA titer after a decade.19 After booster vaccination, individuals 
who were both primed and boosted with a TT-conjugated vac-
cine had significantly higher postboost SBA titers, whereas those 
primed with MCC–CRM responded equally to either booster. Pre-
vious studies of meningococcal vaccine boosting in teenagers have 
not been specifically designed to investigate priming and boosting 
with different carrier protein-conjugated vaccines. Rather, partici-
pants were both primed and boosted with the same conjugate, either 
MCC–CRM20,21 or MCC–TT.22 In the US, only MenACWY–CRM 
or MenACWY-D (Menactra, a diphtheria-based conjugate vaccine; 
Sanofi Pasteur, Swiftwater, PA) are licensed and routinely rec-
ommended for both primary vaccination at age 11–12 years and 
booster at 16 years.23 Thus, recent US studies have mostly focused 
on CRM-conjugated rather than TT-conjugated vaccines.24,25

Postulations to explain the higher booster responses asso-
ciated with TT-conjugated priming9,11 include the suggestion that 
MCC–TT is inherently superior to MCC–CRM for primary vacci-
nation26 regardless of the booster vaccine–carrier combination, pos-
sibly because the de-O-acetylated polysaccharide of NeisVac-C is 
more immunogenic than the O-acetylated alternative.27 This might 
explain why Menitorix (O-acetylated) boosting induces protec-
tive MenC responses in more NeisVac-C-primed than Menitorix-
primed children.11 Our data support neither the proposal that CRM-
conjugated vaccines have inherently diminished immunogenicity28 
nor that priming and boosting with the same carrier protein is supe-
rior to priming and boosting with different carrier proteins.9

Postbooster and Postprimary Persistence
Postbooster kinetic analysis of MenC antibody persistence 

showed ~40% decline in antibody as time doubles, contrasting 
with two-thirds decline previously observed in children given 
Hib–MCC–TT booster in the second year of life.9 Our analysis of 
decline in antibody titer with time was limited by the small sam-
ple size of the study, particularly as the intended target size was 

not obtained because of the restricted pool of original study par-
ticipants that could be recruited. Notwithstanding, our findings are 
compatible with other data indicating shorter antibody persistence 
after vaccination in younger relative to older age-groups.19,29 Others 
have, however, estimated a slower annual 23% decline (95% CI: 
15–30) in odds of protection after Meningitec vaccination at age 
13–45 months.30

This study also provided long-term (12–14 years) post-
primary antibody persistence data in individuals primed at pre-
school age. Approximately one-third to one-half of participants 
(depending on primary vaccine) were still putatively seropro-
tected, with significantly higher preboost MenC titers in those 
primed with MCC–TT. The age at primary vaccination may be 
crucial for the differential effect, as 5-year persistence after 
priming in older age cohorts (6–15 years) did not significantly 
differ between TT-conjugated and CRM-conjugated MCC vac-
cine groups.29 Previous studies of postprimary persistence in 
teenagers did not compare different vaccine carrier proteins and 
involved cohorts that were primed at older ages (≥9 years)17,20 or 
younger (1–3 years)30 (and therefore with different immunologic 
backgrounds) than our participants. Similar to the postbooster 
analysis, there are limitations in our primary persistence data as 
only a modest proportion of the original trial cohort could be 
included in this study, given the practical challenges of recruit-
ing teenage participants from a previous childhood study of 
over a decade earlier. A third of the original group could not be 
contacted as they were no longer registered with local services 
or their records were inaccessible. But from the remainder, we 
obtained a distinctive study group who provided a unique oppor-
tunity to gain new information on long-term persistence and 
booster responses given different meningococcal vaccine carrier 
proteins.

Booster Vaccine Policy
Our data address current policy considerations in the United 

Kingdom. The Joint Committee on Vaccination and Immunisation 
in 2012 recommended routine adolescent MCC booster vaccina-
tion but cautioned that “a serogroup Y-containing meningococ-
cal vaccine should only be used if the available vaccines do not 
compromise the response to meningococcal C.”14 We observed no 
such compromise, as most participants achieved protective and per-
sistent antibody levels against all serogroups. MenACWY–CRM 
induced significantly higher MenA SBA GMT, possibly because of 
its much higher MenA antigen content. Moderate recent increases 
in MenW13 and MenY13,31 infections in England are noted, and 
important local MenW transmission linked with imported infection 
has previously been documented.32

TABLE 3.  Serogroup-Specific IgG Prebooter and Postbooster Vaccination, by Booster Vaccine

Booster Vaccine

IgG geometric mean concentrations (GMC, μg/mL) (95% CI)

Preboost 1 Mo Postboost 6 Mo Postboost 9 Mo Postboost

n GMC n GMC
(n-fold) rise  

in GMC n GMC n GMC

MenC MenACWY–TT 46 0.2 (0.2–0.3) 46 15.0 (10.9–20.4) 62.4 (42.9–90.6) 21 3.9 (2.5–6.1) 25 2.4 (1.7–3.5)
MenACWY–CRM 47 0.4 (0.3–0.5) 46 20.2 (15.9–25.7) 56.2 (37.6–84) 24 6.8 (4.6–9.9) 21 2.6 (1.6–4.2)

MenA MenACWY–TT 46 1.8 (1.3–2.6) 46 27.7 (17.1–44.6) 15 (10.1–22.1) 21 6.0 (2.9–12.6) 24 7.0 (3.6–13.5)
MenACWY–CRM 47 1.3 (1.0–1.7) 46 44.1 (30.1–64.4) 34.2 (25.4–46.1) 24 17.5 

(8.0–38.5)
21 9.1 (4.7–17.8)

MenW MenACWY–TT 46 0.7 (0.5–1.0) 46 19.4 (13.7–27.4) 26.3 (18.1–38.3) 21 5.7 (2.9–11.4) 25 6.2 (4.1–9.3)
MenACWY–CRM 47 0.7 (0.5–1.1) 46 16.9 (11.2–25.5) 23.6 (14.9–37.3) 23 4.8 (2.4–9.6) 21 4.1 (2.1–8.1)

MenY MenACWY–TT 46 1.2 (0.9–1.6) 46 13.2 (9.0–19.4) 11.2 (8.1–15.5) 21 7.1 (3.8–13.4) 24 5.4 (3.3–9.0)
MenACWY–CRM 47 0.8 (0.6–1.0) 46 9.0 (5.7–14.3) 11.6 (7.6–17.9) 22 3.8 (2.1–6.9) 21 5.0 (2.2–11.0)
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Conclusion
Both MenACWY vaccines stimulated protective functional 

antibody titers against all serogroups in 16–19 years old primed 
over a decade earlier, regardless of the primary MCC vaccine 
received. Individuals primed and boosted with TT-conjugated vac-
cine had higher MenC SBA titers, but overall titers were higher with 
MenACWY–CRM. Childhood MCC vaccine priming followed by 
teenage MenACWY boosting could be a suitable option to broaden 
meningococcal protection without compromise to MenC popula-
tion immunity in the United Kingdom.
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