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ABSTRACT
The meningococcal serogroup B (MenB) protein vaccine, 4CMenB, combined with MenA, MenC, MenW 
and MenY polysaccharide-protein conjugates for a pentavalent MenABCWY vaccine, can potentially 
protect against most causative agents of invasive meningococcal disease worldwide. Two phase 2b, 
randomized, multicenter studies were conducted (NCT02212457, NCT02946385) to assess the immuno
genicity and safety of the MenABCWY vaccine as well as antibody persistence and response to a booster 
dose 2 years after the last vaccination, compared to 4CMenB vaccination. Participants (10 − 18 years), 
randomized (3:3:2:2:2:2), received the 4-component 4CMenB vaccine according to a 0–2 month (M) 
schedule or MenABCWY according to a 0–2, 0–6, 0-2-6, 0–1, or 0–11 M schedule. All participants received 
5 injections (at M0, M1, M2, M6 and M12) with either the study vaccines or placebo/hepatitis A vaccine. 
Follow-on participants (4CMenB-0-2, MenABCWY-0-2, MenABCWY-0-6 and MenABCWY-0-2-6 groups) 
received one dose of either 4CMenB (4CMenB-0-2 group) or MenABCWY and newly enrolled, age- 
matched, meningococcal vaccine-naïve adolescents (randomized 1:1) received 2 doses (0–2 M) of either 
4CMenB or MenABCWY. MenABCWY vaccination was immunogenic against MenB test strains. Non- 
inferiority for all 4 components of the 4CMenB vaccine could not be demonstrated for the 0–2 M schedule. 
Antibodies persisted up to 2 years post-MenABCWY vaccination and a booster dose induced an anamnes
tic response as higher titers were observed in follow-on participants compared to the first-dose response 
in vaccine-naïve participants. MenABCWY had a clinically-acceptable safety profile, not different from that 
of 4CMenB.
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Introduction

Neisseria meningitidis causes invasive meningococcal disease 
(IMD) that may rapidly progress from early symptoms to death 
in 24–48 hours. Even with adequate antibiotic therapy, case- 
fatality rates remain high (8%–15%) and more than 10% of 
survivors will suffer from severe sequelae such as limb amputa
tions, hearing loss and neurological damage.1 This makes IMD 
an important health concern despite the fact that IMD inci
dence rates are low in most industrialized countries. In 2017, 
an incidence rate of 0.11 cases per 100 000 people was reported 
in the United States (US) and the incidence rate in Europe in 
2016 was 0.6 cases per 100 000 people.2,3 The disease occurs 
most frequently among infants and toddlers, followed by 
a second peak in young adults/adolescents and, in some coun
tries, by another peak in older adults.4–6

Six meningococcal serogroups (MenA, MenB, MenC, 
MenW, MenX and MenY) are responsible for nearly all IMD 
worldwide, but serogroup distribution changes continuously 

over time and can vary substantially from one geographical 
region to another.1,7 While in the African meningitis belt 
MenA has accounted for most of the meningococcal disease 
cases before mass vaccination campaigns and vaccine introduc
tion, recent outbreaks are primarily caused by MenC, MenW 
and MenX.7,8 In Europe, North America, Australia, and New 
Zealand, meningococcal disease is caused by MenB, MenC, 
MenW and MenY, with MenB being the most prevalent.7,9–11

The IMD incidence has decreased following inclusion of 
meningococcal vaccines in national immunization programs 
targeting infants or adolescents, with the latter being the most 
frequent asymptomatic carriers.12–14 During the last decades, 
several monovalent polysaccharide-protein conjugate vaccines 
against MenC and MenA, quadrivalent MenACWY-conjugate 
vaccines, and protein vaccines against MenB have successfully 
been introduced.15 A MenACWY+MenB formulation can 
potentially protect against virtually all-cause IMD by addressing 
the high prevalence of MenB in developed countries while 
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controlling IMD caused by MenACWY. In addition, 
a combined, pentavalent MenABCWY vaccine would facilitate 
vaccine schedules, particularly in adolescents.

The quadrivalent meningococcal conjugate vaccine 
MenACWY-CRM (Menveo, GSK) has demonstrated immuno
genicity and an acceptable safety profile when administered 
alone or in combination with other routine vaccines, including 
the 4-component MenB vaccine (4CMenB, Bexsero, GSK).16–23 

4CMenB is licensed for use as a 2-dose schedule in individuals 
from 2 months of age in Europe and 10–25 years of age in the 
US.24,25 The vaccine has been shown to be immunogenic, with 
real-life effectiveness demonstrated in the United Kingdom fol
lowing vaccine introduction in the national immunization 
program.26–32 A MenACWY+MenB vaccine combining MenAC 
WY-CRM and 4CMenB (MenABCWY) has been shown to be 
immunogenic and well tolerated when administered to adoles
cents and young adults, but remains under investigation.33–37 The 
present study compared the immune responses to 4CMenB anti
gens after vaccination with the pentavalent MenABCWY vaccine 
and the 4CMenB vaccine alone. MenACWY-CRM was not used 
as a comparator in this study, but immune responses to MenA, 
MenC, MenW and MenY were also measured.

The trial aimed to demonstrate non-inferiority of MenABCWY 
to 4CMenB vaccination and to assess five different MenABCWY 
schedules in terms of immune responses against 4 MenB antigen- 
specific indicator strains and serogroup A, C, W and 
Y polysaccharide antigens. The study was extended to assess anti
body persistence at 24 months post-primary vaccination and 
response to a MenABCWY booster dose.

Patients and methods

Study design and participants

The primary study, a phase 2b, randomized, controlled, 
observer-blind study (NCT02212457) was conducted in 32 
centers in Finland, Poland and the US, between August 2014 
and March 2016. Healthy adolescents, 10–18 years of age at 
the time of first vaccination, were enrolled in the study if 
they gave their informed consent/assent, were considered as 
able and willing to comply with protocol requirements and 
had a negative urine pregnancy test (for females of child
bearing age). Adolescents were not eligible for enrollment if 
they had any history of meningococcal or hepatitis 
A (HepA) vaccination (used in the study as active control), 
had current or previous, confirmed or suspected disease by 
N. meningitidis or household contact with and/or intimate 
exposure to individuals with laboratory-confirmed 
N. meningitidis infection within 60 days from enrollment. 
Participants were randomized in a 3:3:2:2:2:2 ratio to 1 of 6 
groups to either receive 4CMenB according to a 0–2 month 
(M) schedule, or MenABCWY according to a 0–2, 0–6, 
0-2-6, 0–1, or 0–11 M schedule. All participants received 5 
injections (at M0, M1, M2, M6 and M12), consisting either 
of the study vaccines or placebo/HepA vaccine (Figure 1).

Randomization was performed using an interactive 
response technology (IRT) system. Participants were stratified 
in 2 age groups (10–15 and 16–18 years) and randomized into 
1 of the 6 groups. Block randomization was used and within 

each block (used only by one site) the treatments were 
balanced. Both the study personnel responsible for the evalua
tion of any study endpoint and the participants or their par
ents/legal guardians were blinded to the treatment throughout 
the study. Designated medical personnel that did not partici
pate in the evaluation of study endpoints oversaw vaccine 
preparation and administration. For US sites only, 
a restricted unblinding process was carried out after comple
tion of the last visit/contact in the primary study to identify 
participants who had received an ACWY-containing vaccine. 
The unblinding was carried out because the US Advisory 
Committee on Immunization Practices recommends routine 
administration of MenACWY at 11 or 12 years of age, with 
a booster dose at 16 years of age and confirmation of vaccina
tion is required in many states for school and military 
purposes.38 Unblinding was performed by unblinded medical 
personnel using the IRT system and a vaccination certificate 
was provided to all US subjects who did not terminate early, 
indicating if they received 2 doses of 4CMenB (subjects identi
fied during the restricted unblinding) or at least 2 doses of 
MenABCWY (subjects not identified during the restricted 
unblinding). Blinded site personnel and sponsor representa
tives had no access to this information.

An extension, open-label study (NCT02946385) was con
ducted in Finland and Poland only between November 2016 
and February 2018, 2 years after the last vaccination in the 
primary study. Adolescents from Finland and Poland pre
viously enrolled in one of the 4CMenB-0-2, MenABCWY- 
0-2, MenABCWY-0-6 and MenABCWY-0-2-6 groups and 
who had not received any additional meningococcal vaccine 
in the interim period, were eligible for enrollment in the 
extension study and received one dose of either 4CMenB 
(group 4CMenB-0-2) or MenABCWY (all other groups). In 
addition, age-matched (12–20 years), meningococcal vaccine- 
naïve adolescents were enrolled and randomized 1:1 to receive 
2 doses of either 4CMenB or MenABCWY, according to a 0– 
2 M schedule (Figure 1).

Both studies were conducted in agreement with the 
International Conference on Harmonization guidelines for 
good clinical practice, applicable local regulations, and the 
Declaration of Helsinki. The protocol and the proposed 
informed consent/assent forms were approved by independent 
ethics committees in Finland and Poland or institutional 
review boards at each site in the US. The studies are registered 
at www.clinicaltrials.gov and full study protocols are available 
at https://www.gsk-studyregister.com/study/5786 and https:// 
www.gsk-studyregister.com/study/5815.

Study vaccines

The injected volume of vaccine/placebo was 0.5 mL and was 
injected intramuscularly in the deltoid of the non-dominant 
arm. For preparation of the MenABCWY vaccine, the lyophilized 
MenACWY powder was reconstituted with the liquid 4CMenB 
suspension prior to administration, as previously described.39 

One dose of the 4CMenB vaccine contains 50 µg of recombinant 
MenB Neisseria adhesin A (NadA) protein, 50 µg of recombinant 
MenB Neisserial Heparin Binding Antigen (NHBA) fusion pro
tein, 50 µg of recombinant MenB factor H binding protein (fHbp) 
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fusion protein and 25 µg of outer membrane vesicles from MenB 
strain NZ98/254 measured as amount of total protein containing 
the porin A (PorA) P1.4. One dose of the MenABCWY vaccine 
contains 10 µg of MenA-CRM197, 5 µg of MenC-CRM197, 5 µg of 
MenW-CRM197 and 5 µg of MenY-CRM197 in addition to the 
components present in the 4CMenB vaccine.25,39 Pediatric and 
adult formulations of the HepA vaccine (Havrix, GSK) were used 
for participants aged ≤15 years and >16 years, respectively.40 The 
placebo was a saline solution (4.5 mg NaCl/0.5 mL).

Objectives

In the primary study, the primary objective was to demonstrate 
the non-inferiority of MenABCWY to 4CMenB, administered 
according to a 0–2 M schedule, as measured by serum bacter
icidal assay using human complement (hSBA) geometric mean 
titers (GMTs) for MenB test strains, at 1 month after the last 

meningococcal vaccination. Non-inferiority was to be con
cluded if the lower limit (LL) of the 2-sided 95% confidence 
interval (CI) for the between-group ratios of GMTs 
(MenABCWY-0-2:4CMenB-0-2) was >0.5 for each of the 4 
MenB test strains. Secondary objectives included the evalua
tion of safety and reactogenicity, assessment of the immuno
genicity of the various MenABCWY schedules in terms of 
percentages of participants with hSBA titers at least equal to 
the assay’s lower limit of quantitation (LLOQ) and hSBA 
GMTs against MenB strains, MenA, MenC, MenW, and MenY.

In the extension study, the primary objective included the 
assessment of persistence of bactericidal antibodies at 
24 months after the last meningococcal vaccination in the 
primary study, compared with antibody levels in age-matched 
meningococcal-naïve participants at enrollment, as measured 
by percentages of participants with hSBA titers ≥LLOQ and 
hSBA GMTs against MenB test strains. Secondary objectives 

Figure 1. Participant flow chart and study interventions. N, number of participants; 4CMenB, 4-component meningococcal serogroup B vaccine; MenABCWY, 
pentavalent meningococcal serogroup A, B, C, W and Y vaccine; M, study month in the primary study; BD, blood draw; HepA, hepatitis A vaccine; PPS, per-protocol 
set; AE, adverse event; E-M, study month in the extension study.a A minimum of 23 days between the study vaccination and the post-vaccination blood draw were 
required.b Vaccine not administered, but subject number allocated.c The extension study was not conducted in the US.d Two blood samples were collected in follow-on 
participants: pre-vaccination and at 5 days post vaccination.e The blood sample in the naïve group was collected at 5 days post vaccination. No blood samples were 
collected in follow-on participants.f No blood samples were collected in follow-on participants.
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included the assessment of MenB immune response to booster 
vaccination with MenABCWY or 4CMenB in follow-on parti
cipants compared with the response to a first vaccination in 
naïve participants, evaluation of immune responses against 
MenA, MenC, MenW and MenY in follow-on and naïve parti
cipants in MenABCWY groups, and evaluation of safety and 
reactogenicity.

Immunogenicity assessment

Blood samples of approximately 20 mL were collected at the 
timepoints indicated in Figure 1. Serum bactericidal activity was 
measured using an automated high-throughput hSBA for 4 MenB 
test strains directed against each antigenic component of 4CMenB 
(M14459 against fHbp, 96217 against NadA, M07-0241084 against 
NHBA, NZ98/254 against PorA), and against capsular polysac
charides for MenA, MenC, MenW and MenY.41 The LLOQs were 
8.0 (fHbp), 8.6 (NadA), 8.9 (NHBA), 8.2 (PorA), 22.7 (MenA), 5.2 
(MenC), 39.6 (MenW), and 14.7 (MenY).

Testing was performed at Clinical Laboratory Sciences, 
GSK, Marburg, Germany.

The percentage of participants with hSBA titers ≥LLOQ and 
4-fold titer rise, and hSBA GMTs were evaluated for MenB test 
strains and ACWY serogroups. The 4-fold titer rise was defined 
as a post-vaccination hSBA ≥4 LLOQ for participants with pre- 
vaccination hSBA titers <LLOQ and an increase of ≥4 times the 
pre-vaccination hSBA titer for participants with pre- 
vaccination hSBA titers ≥LLOQ. For MenA, MenC, MenW 
and MenY, a post-vaccination hSBA titer ≥4 was used as 
a correlate of protection against IMD, as accepted for 
MenC42 and extended to the other N. meningitidis serogroups.

Safety assessment

Following each vaccination in both the primary and extension 
study, participants were observed for at least 30 minutes and any 
adverse events (AEs) were recorded. Solicited local and systemic 
AEs occurring during each 7-day post-vaccination period (from 
6 hours post vaccination on day 1 up to day 7) were recorded by 
the participants or their parents/legal guardians using an elec
tronic diary. Solicited AEs persisting after day 7 were recorded 
until resolution. Unsolicited AEs were collected during each 30- 
day post-vaccination period; medically attended AEs (MAAEs), 
AEs leading to withdrawal and serious AEs (SAEs) were col
lected throughout the study. AEs were graded by severity (from 
mild to severe) and their relationship to study vaccination was 
assessed by the investigators.

Statistical analyses

A total of approximately 1050 adolescents were planned for 
enrollment in the primary study, to provide approximately 945 
evaluable participants, when assuming a dropout rate of 10%.

For 200 evaluable participants in the 4CMenB-0-2 and 
MenABCWY-0-2 groups and an underlying hSBA GMT ratio 
of 0.9 (group MenABCWY-0-2 versus group 4CMenB-0-2, 
assumed based on immunogenicity results from previous trials 
in adolescents and young adults37,43), the power calculated to 
reject all 4 null hypotheses for the primary objective was 89.4%.

The targeted sample size in the extension study was 100 
participants per group, considering that ≥652 individuals from 
Finland and Poland who participated in the primary study 
were eligible for enrollment. One hundred age-matched ado
lescents and young adults were targeted for enrollment in each 
of the meningococcal vaccine-naïve groups.

The primary objective of the primary study was evaluated 
using the per-protocol set (PPS), which included all partici
pants who received a study vaccination, provided evaluable 
serum samples at the relevant timepoints and did not have 
protocol deviations. All other immunogenicity analyses (the 
extension study included) were conducted on the full analysis 
set (FAS) at each timepoint. Safety analyses were performed for 
all exposed participants with available safety data.

The hSBA titers were log10 transformed and the GMTs, with 
their associated 2-sided 95% CIs, were calculated by exponen
tiating the corresponding log-transformed means and their 
95% CIs obtained from the analysis of variance (ANOVA) 
model, with study center included as an independent variable. 
Immunogenicity endpoints, based on percentages of partici
pants, were provided with the associated 95% Clopper-Pearson 
CIs.

The between-group ratio of hSBA GMTs at 1 month after 
the last meningococcal vaccination in the primary study (group 
MenABCWY-0-2 versus group 4CMenB-0-2), adjusted for 
pre-vaccination titer and region, was calculated by exponen
tiating the between-group difference in the last square means of 
the log-transformed titers and the corresponding 95% CIs.

Results

Demographic characteristics

In total, 1063 adolescents were enrolled in the primary study, of 
whom 968 completed the study. Six hundred and four adoles
cents and young adults were enrolled in the extension study, 
2 years later, of whom 598 completed the study (Figure 1).

The average age of participants was 14.4 ± 3.1 years in the 
primary study and 16.7 ± 3.0 years in the extension study. 
Overall, more females enrolled in both studies and most parti
cipants (>95%) were white (Table 1).

Immunogenicity

Immune response to MenB antigens
In the primary study, 1 month after the second meningococcal 
vaccine dose, the between-group ratios of GMTs (group 
MenABCWY-0-2 versus group 4CMenB-0-2) in the PPS ran
ged from 0.49 (for PorA) to 0.74 (for fHbp); the LL of the 
associated 95% CI were >0.5 for all antigens except PorA 
(Table 2). Therefore, the pre-defined criterion for non- 
inferiority was met for fHbp, NHBA and NadA, but not for 
PorA, and non-inferiority could not be demonstrated for this 
schedule.

Across all schedules, administration of the MenABCWY 
vaccine induced an immune response with increased antibody 
titers 1 month after the last meningococcal vaccination com
pared to pre-vaccination titers. The highest immune responses 
in MenABCWY groups were observed for the 0–6 M, 0-2-6 M 
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and 0–11 M schedules. The percentages of participants with hSBA 
titers ≥LLOQ were comparable between these 3 groups (with 
overlapping 95% CIs). Point estimates were similar across these 
groups for fHbp (86–89%), NadA (97–99%) and NHBA (66– 
70%), but tended to be slightly lower in the MenABCWY-0-6 
group (63%) than the MenABWCY-0-2-6 (72%) and 
MenABCWY-0-11 (73%) groups for PorA. For the 
MenABCWY-0-2 group, point estimates were lower with 68%, 
97%, 47% and 61% for fHbp, NadA, NHBA and PorA, respec
tively. Point estimates for the 4CMenB-0-2 group were 82%, 99%, 
66% and 88% for fHbp, NadA, NHBA and PorA, respectively 
(Figure 2 and Table S1a). The same trend was observed for anti
body GMTs for all antigens (Table S1b). For the 3 groups with the 
highest immune response, the percentages of participants with 
a 4-fold rise in hSBA titers from pre-vaccination levels were higher 
for fHbp (ranging from 48% to 51%) and NadA (ranging from 
93% to 95%) than for PorA (ranging from 24% to 33%) and 
NHBA (ranging from 19% to 22%) (Figure S1).

In the extension study, the percentages of participants with 
hSBA titers ≥LLOQ and antibody GMTs were higher at 5 days 
after booster/second vaccination compared to baseline levels in 
this study, for all MenB antigens (Figure 3 and Tables S1a and 
S1b). MenB antibody levels were comparable in the 4CMenB-0-2, 
MenABCWY-0-2, MenABCWY-0-6 and MenABCWY-0-2-6 
groups at 24 months after the last primary vaccination and at 
1 month post-booster dose. A higher immune response was 
observed after a booster dose of either 4CMenB or MenABCWY 
compared to a first dose of either vaccine in naïve participants, for 
all MenB antigens. Indeed, one month post-booster/first dose, 85– 
94% versus 28–31% (fHbp), 100% versus 61–75% (NadA), 80– 
95% versus 31–32% (NHBA), and 69–87% versus 27–28% of 
participants had hSBA titers ≥LLOQ in the follow-on versus age- 
matched naïve groups. (Figure 2 and Table S1a). Antibody GMTs 
observed at baseline had declined from 1 month post-primary 
vaccination in follow-on groups, but tended to be higher than pre- 
primary vaccination and were overall higher than baseline values 
in vaccine-naïve participants. At 1 month post-booster/first dose, 
antibody GMTs in follow-on groups were higher than in naïve 
groups, for all MenB antigens (Table S1b). The percentages of 

participants witha 4-fold rise in hSBA titers in the extension study 
ranged from 24% to 66% for fHbp and from 73% to 97% for 
NadA, from 14% to 40% for PorA and from 15% to 52% for 
NHBA (Figure S1).

Immune response to MenACWY strains
Across all schedules, administration of the MenABCWY vac
cine induced an immune response with increased antibody 
titers 1 month after the last meningococcal vaccination com
pared to pre-vaccination titers. Overall, the percentage of par
ticipants with hSBA titers ≥LLOQ was comparable between all 
groups receiving the MenABCWY vaccine. Point estimates for 
all MenABCWY groups ranged from 87%–95% for MenA, 
99%–100% for MenC, 96%–99% for MenW and 85%–97% 
for MenY. For the 4CMenB group, the point estimates were 
94%, 97%, 89% and 27% for MenA, MenC, MenW and MenY, 
respectively (Figure 4 and Table S2a).

Across all groups receiving the MenABCWY vaccine, anti
body GMTs increased from pre-vaccination to 1 month after 
the last meningococcal vaccination in the primary study for 
each serogroup (Table S2b). Similar to vaccination with 
MenABCWY, antibody GMTs increased from pre- 
vaccination to 1 month after 4CMenB vaccination in the 
primary study for serogroups A, C and W. For serogroup Y, 
although CIs did not overlap, the observed increase was 
minimal (Table 3 and Table S2b). The percentages of partici
pants with a 4-fold rise in hSBA titers from pre-vaccination 
levels for all MenABCWY groups ranged from 42% to 78% for 
MenA and from 87% to 98% for MenC, from 42% to 89% for 
MenW and from 58% to 89% for MenY. For the 4CMenB 
group, these percentages were 56%, 49%, 43% and 4% for 
MenA, MenC, MenW and MenY, respectively (Figure S2).

In the extension study, antibody levels for all serogroups were 
comparable in the MenABCWY-0-2, MenABCWY-0-6 and 
MenABCWY-0-2-6 groups at 24 months after the last primary 
vaccination and at 1 month post-booster dose. The percentages of 
participants with hSBA titers ≥LLOQ 1 month after booster/ 
first dose were 98%–100% versus 56% for MenA, 100% versus 
92% for MenC, 100% versus 77% for MenW and 99%–100% 

Table 2. hSBA geometric mean titers and between group ratios (MenABCWY-0-2:4CMenB-0-2), at 1 month post-last meningococcal vaccination in the primary study 
(per-protocol set).

4CMenB-0-2 MenABCWY-0-2 Between groups

N GMT (95% CI) N GMT (95% CI) GMT (95% CI)

fHbp
Baseline 147 1.31 (1.09–1.57) 155 1.28 (1.07–1.53) 0.98 (0.81–1.19)
1 M post-second dose 150 15.78 (12–22) 158 11.64 (8.61–16) 0.74 (0.53–1.02)
NadA
Baseline 143 2.36 (1.70–3.28) 152 2.93 (2.13–4.03) 1.24 (0.89–1.74)
1 M post-second dose 149 229.29 (179–294) 156 150.82 (118–192) 0.66 (0.51–0.85)
NHBA
Baseline 148 2.16 (1.61–2.89) 151 2.12 (1.60–2.82) 0.98 (0.73–1.33)
1 M post-second dose 150 11.56 (8.86–15) 154 8.19 (6.31–11) 0.71 (0.54–0.94)
PorA
Baseline 147 1.15 (0.95–1.39) 154 1.27 (1.06–1.53) 1.11 (0.91–1.34)
1 M post-second dose 150 24.31 (18–32) 157 11.95 (9.10–16) 0.49 (0.37–0.66)

hSBA, serum bactericidal assay using human complement; 4CMenB, 4-component meningococcal serogroup B vaccine; MenABCWY, pentavalent meningococcal 
serogroup A, B, C, W and Y vaccine; N, number of participants; GMT, geometric mean titer; CI, confidence interval; fHbp, factor H binding protein; M, month; NadA, 
Neisseria adhesin; NHBA, Neisserial heparin binding antigen; PorA, porin A. 

Bolded values indicate that the lower limit of the 95% CI for the GMT ratio (MenABCWY-0-2 group versus 4CMenB-0-2 group) was >0.5 (non-inferiority criterion).
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versus 71% for MenY, for the follow-on versus age-matched 
naïve groups (Figure 4 and Table S2a). Antibody GMTs 
observed at baseline had declined from 1 month after the 
primary vaccination in follow-on groups but were higher 
than pre-primary vaccination values and baseline values in 
vaccine-naïve participants. At 1 month post-booster/first 

dose, antibody GMTs in follow-on groups were higher than 
in the vaccine-naïve group, across all serogroups (Table S2b). 
The percentages of participants with a 4-fold rise in hSBA 
titers in the extension study ranged from 46% to 88% for 
MenA and from 86% to 94% for MenC, from 71% to 93% 
for MenW and from 83% to 94% for MenY. (Figure S2).

Figure 3. Percentages of participants with hSBA titers ≥LLOQ against antigen-specific MenB test strains, pre-vaccination and 5 days after booster/second vaccination in 
the extension study (full analysis set). MenB, meningococcal serogroup B; hSBA, serum bactericidal assay using human complement; LLOQ, lower limit of quantitation 
(8.0 for fHbp, 8.6 for NadA, 8.9 for NHBA and 8.2 for PorA); 4CMenB, 4-component meningococcal serogroup B vaccine; MenABCWY, pentavalent meningococcal 
serogroup A, B, C, W and Y vaccine; fHbp, factor H binding protein; NadA, Neisseria adhesin; NHBA, Neisserial heparin binding antigen; PorA, porin A.Error bars represent 
95% confidence intervals.

Figure 2. Percentages of participants with hSBA titers ≥LLOQ against antigen-specific MenB test strains, pre- and post-meningococcal vaccination in the primary study 
and pre- and post-booster (previously vaccinated participants) or post-first meningococcal vaccination (naïve participants) in the extension study (full analysis set). 
hSBA, serum bactericidal assay using human complement; LLOQ, lower limit of quantitation (8.0 for fHbp, 8.6 for NadA, 8.9 for NHBA and 8.2 for PorA); MenB, 
meningococcal serogroup B; fHbp, factor H binding protein; M, month; NadA, Neisseria adhesin; NHBA, Neisserial heparin binding antigen; PorA, porin A; 4CMenB, 
4-component meningococcal serogroup B vaccine; MenABCWY, pentavalent meningococcal serogroup A, B, C, W and Y vaccine;.Error bars represent 95% confidence 
intervals.
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Safety

In the primary study, the most frequently reported solicited 
local AE after any meningococcal vaccination was pain, 
reported by 81–97% of participants, which was much higher 
than after any dose of HepA (26–53%). Fatigue, reported by 
69–76% of participants, and headache reported by 63–72% of 
participants were the most frequently reported solicited sys
temic AEs after any vaccination. Table S3 gives an overview of 
solicited local and systemic AEs by vaccination. No increase of 
local or general solicited AEs was observed, even after 3 
MenABCWY doses. Unsolicited AEs were reported with simi
lar frequencies in all groups and of the 35 SAEs reported, only 2 
were considered as related to study vaccinations (1 seizure in 
the MenABCWY-0-2 group and 1 connective tissue disorder in 
the MenABCWY-0-1 group) (Table S4).

In the extension study, pain was the most frequently 
reported solicited local AE, by 83–95% of participants across 
all groups and headache and fatigue were the most frequently 
reported general solicited AEs. For the naïve groups, no 
increase of local or general solicited AEs was observed after 
the second dose (Table S5). Unsolicited AEs were reported by 
19–49% of participants in all groups. Overall, 3 SAEs (none 
related to vaccination) were reported (Table S4).

Discussion

A combined vaccine with MenACWY polysaccharide protein 
conjugates and MenB proteins is clearly desirable. This inves
tigational MenABCWY vaccine was made by reconstituting the 
lyophilized MenACWY vaccine with the liquid 4CMenB 

Figure 4. Percentages of participants with hSBA titers ≥LLOQ against meningococcal serogroups A, C, W and Y, pre- and post-meningococcal vaccination in the primary 
and extension study (full analysis set). hSBA, serum bactericidal assay using human complement; LLOQ, lower limit of quantitation (22.7 for serogroup A, 5.2 for 
serogroup C, 39.6 for serogroup W and 14.7 for serogroup Y); 4CMenB, 4-component meningococcal serogroup B vaccine; MenABCWY, pentavalent meningococcal 
serogroup A, B, C, W and Y vaccine; M, month.

Table 3. Summary of immune responses against meningococcal serogroups A, C, W and Y in the primary and extension studies in selected groups (adjusted hSBA 
geometric mean titers).

Geometric mean titers

Serogroup A Serogroup C Serogroup W Serogroup Y

4CMenB 
0–2

MenABCWY 
0–2

4CMenB 
0–2

MenABCWY 
0–2

4CMenB 
0–2

MenABCWY 
0–2

4CMenB 
0–2

MenABCWY 
0-2

Primary study Baseline 1.37 
(1.18–1.59)

1.17 
(1.02–1.36)

3.46 
(2.76–4.33)

3.38 
(2.71–4.23)

6.43 
(4.46–9.27)

4.75 
(3.35–6.73)

1.72 
(1.41–2.10)

1.40 
(1.14–1.71)

1Ma 106.70 
(82–139)

68.85 
(53–89)

41.25 
(32–52)

184.05 
(145–234)

138.43 
(111–173)

214.70 
(173–266)

3.12 
(2.34–4.17)

90.61 
(68–121)

Extension study Baseline - 2.31 
(1.75–3.04)

- 18 
(14–23)

- 38 
(28–51)

- 9.11 
(6.77–12)

1Mb - 270 
(222–327)

- 628 
(523–753)

- 1345 
(1142–1584)

- 623 
(517–750)

hSBA, serum bactericidal assay using human complement; 4CMenB, 4-component meningococcal serogroup B vaccine; MenABCWY, pentavalent meningococcal 
serogroup A, B, C, W and Y vaccine; M, month. 

aAfter the last meningococcal vaccination. 
bAfter booster/second vaccination. 
The lower limit of quantitation was 22.7 for serogroup A, 5.2 for serogroup C, 39.6 for serogroup W and 14.7 for serogroup Y.
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vaccine. These studies assessed the immunogenicity and safety 
of the investigational MenABCWY vaccine when administered 
according to various schedules to adolescents 10–18 years of 
age and evaluated persistence and booster response of antibo
dies against MenB test strains, included in the composition of 
MenABCWY, as well as the MenACWY serogroup response.

While a combined vaccine with MenACWY polysaccharide 
protein conjugates combined with MenB proteins is clearly 
desirable, non-inferiority of MenABCWY versus 4CMenB 
could not be formally demonstrated as defined in the study 
protocol for the 0–2 M schedule. However, in the primary 
study, at 1 month after the last meningococcal vaccination, 
the percentage of participants with hSBA titers ≥LLOQ 
increased substantially compared with baseline levels for all 
antigen-specific MenB strains. The responses were lowest for 
Por A, which is the least important of the 4 components.

Additionally, while hSBA titers in the primary study were 
lower in the MenABCWY-0-2 group compared to the 
4CMenB-0-2 group 1 month after the second vaccination for 
all MenB antigens, this difference was less pronounced in 
MenABCWY-recipients when doses were administered more 
than 2 months apart. These results indicate that a longer inter
val of at least 6 months between doses is preferable for 
MenABCWY investigational vaccines.

Furthermore, at 24 months following last vaccination in the 
primary study, the percentage of participants with hSBA titers 
≥LLOQ for each MenB antigen was similar across schedules and 
vaccines assessed and consistently higher than in a naïve popula
tion across indicator MenB strains, indicating that the minor 
differences between schedules in the primary study may not be 
clinically significant. In a different study assessing antibody persis
tence in adolescents and young adults, antibody levels above pre- 
vaccination values were maintained up to 4 years post-vaccination 
with MenABCWY for some MenB strains.34

Following vaccination with a booster dose in the follow-on 
groups or a first dose of either 4CMenB or MenABCWY in the 
naïve participants, higher immune responses for all MenB 
antigens were observed in the follow-on groups, demonstrating 
an anamnestic response in previously primed participants, in 
line with other reports.34,36,37

Despite the overall lower response observed for the 0–2 M 
schedule for MenABCWY versus 4CMenB, the difference was 
less pronounced for other MenABCWY schedules and com
parable antibody persistence and anamnestic response were 
observed for all 4 MenB antigens across all groups. In addition, 
a study assessing the effectiveness of 2 MenABCWY doses 
(with a 0–2 month schedule) against a panel of 110 invasive 
MenB strains circulating in the US showed that 67% (95% CI: 
65–69) of strains were killed 1 month after the second dose 
when using sera collected from vaccinated healthy adolescents 
aged 10–18 years.39 This approach demonstrates broad protec
tion conferred by MenABCWY against MenB strains and indi
cates that the assessment of immune responses against antigen- 
specific laboratory test strains does not fully account for the 
interplay of humoral immune responses elicited by vaccina
tion. Previous studies have shown that synergistic effects occur 
between antibodies directed against multiple epitopes on the 
same or different antigens contained in 4CMenB. Therefore, 
immune responses induced by antigen combinations may still 

lead to bactericidal killing even in the absence of expression 
levels of a single antigen sufficient to induce bactericidal 
killing.44,45

Early immune responses were observed after a single dose of 
MenABCWY, with 27–75% of participants having hSBA titers 
≥LLOQ across all MenB test strains at 1 month after the first 
vaccination in previously naïve participants. Moreover, 
immune responses against all 4 antigen-specific MenB strains 
increased rapidly following either the booster dose in primed 
participants or a 2-dose vaccination series in naïve participants, 
as shown by immunogenicity data at 5 days after the booster/ 
second dose vaccination. Considering the fast incubation per
iod of N. meningitidis, ranging from 2 to 10 days, our data 
indicate that the completion of the 0–1 M vaccination schedule 
with MenABCWY in previously unexposed individuals and 
administration of a MenABCWY booster dose in previously- 
primed individuals would ensure a relatively fast response in 
case of an outbreak or epidemic caused by MenB.1 Additional 
benefits of a MenABCWY pentavalent formulation may go 
beyond protection against meningococcal serogroups as there 
is emerging evidence that 4CMenB may, to some extent, pro
vide protection against other genetically-related species, like 
Neisseria gonorrhoeae.46,47

As shown in the primary study, 4CMenB vaccination has an 
impact on 3 non-B strains (MenA, MenC and MenW), with 
a smaller impact on MenY, indicating cross-reactive immunity 
of 4CMenB against non-B serogroups. This cross-reactive 
immunity has been previously reported in the literature.48–52 

For instance, in a panel of 147 MenC, MenW, and MenY 
clinical isolates collected from three European countries and 
Brazil, 74.1% and 61.9% of strains were killed in hSBA by sera 
from 4CMenB-immunized infants48 and adolescents,49 respec
tively. However, the use of a combined MenABCWY vaccine 
would provide protection against five of the most clinically 
relevant meningococcal serogroups, with the added benefit of 
lowering the number of injections as compared with separate 
MenACWY and 4CMenB vaccination and therefore poten
tially improving compliance among adolescents and young 
individuals.

Overall, the safety profile of MenABCWY was similar to 
that of 4CMenB, with comparable tolerability, regardless of the 
schedule used. No increase in reactogenicity was observed even 
after 3 MenABCWY doses. These outcomes confirm previous 
results in adolescents and young adults aged 10–25 years.33,35 

No new safety concerns were identified following booster vac
cination or 2-dose vaccination in naïve participants, consistent 
with previous reports.34,37

Several vaccination schedules were considered in this study 
to investigate whether a certain flexibility in the timing of 
doses is possible without impacting the immunogenicity and 
safety of MenABCWY. Although a larger interval between 
doses may increase the immune response, a shorter interval 
(e.g., the 0–1 month schedule) may provide a rapid response in 
case of an outbreak. The study also had several potential 
limitations. The primary study was powered for demonstrat
ing non-inferiority of MenABCWY to 4CMenB when admi
nistered according to a 0–2 M schedule (commonly used for 
vaccination against MenB, including in the US), but not for 
evaluating differences between MenABCWY schedules. Non- 
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inferiority of MenABCWY to the MenACWY-CRM vaccine 
was not assessed, however, it was demonstrated in a previous 
study.33 In addition, there was a high number of exclusions 
during month 2 and month 3 in the primary study.

Conclusions

MenABCWY vaccination was immunogenic against 4 MenB test 
strains and serogroups A, C, W and Y, offering broad coverage 
against MenB strains, although the primary immunogenicity 
objective was not met. All schedules tested were immunogenic, 
but a longer time interval (6 or 11 months rather than 2 months) 
between doses of MenABCWY resulted in a better immune 
response. Following vaccination with MenABCWY in adoles
cents, antibodies persisted up to 2 years and a booster dose 
induced an anamnestic response. MenABCWY had a clinically- 
acceptable safety profile, with no identified safety concerns.
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