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This phase 2 study assessed the immunogenicity, safety, and reactogenicity of investigational formulations of
meningococcal ABCWY vaccines, consisting of recombinant proteins (rMenB) and outer membrane vesicle (OMV)
components of a licensed serogroup B vaccine, combined with components of a licensed quadrivalent meningococcal
glycoconjugate vaccine (MenACWY-CRM). A total of 495 healthy adolescents were randomized to 6 groups to receive 2
doses (Months 0, 2) of one of 4 formulations of rMenB antigens, with or without OMV, combined with MenACWY-CRM,
or 2 doses of rMenB alone or one dose of MenACWY-CRM then a placebo. Immunogenicity was assessed by serum
bactericidal assay with human complement (hSBA) against serogroups ACWY and serogroup B test strains; solicited
reactions and any adverse events (AEs) were assessed. Two MenABCWY vaccinations elicited robust ACWY immune
responses, with higher seroresponse rates than one dose of MenACWY-CRM. Bactericidal antibody responses against
the rMenB antigens and OMV components were highest in subjects who received 2 doses of OMV-containing
MenABCWY formulations, with �68% of subjects achieving hSBA titers �5 against each of the serogroup B test strains.
After the first dose, solicited local reaction rates were higher in the MenABCWY or rMenB groups than the MenACWY-
CRM group, but similar across groups after the second dose, consisting mainly of transient injection site pain. Fever
(�38.0�C) was rare and there were no vaccine-related serious AEs. In conclusion, investigational MenABCWY
formulations containing OMV components elicited highly immunogenic responses against meningococcal serogroups
ACWY, as well as serogroup B test strains, with an acceptable safety profile. [NCT01210885]

Introduction

Infection with Neisseria meningitidis can lead to invasive
meningococcal disease (IMD), which can cause permanent dis-
ability or death in an otherwise healthy person in a matter of
hours.1,2 The highest incidence of this disease occurs in infants in
their first year of life, but a second peak occurs in adolescents,3,4

and higher case fatality rates are generally reported in this age
group. The vast majority of IMD can be attributed to infection
by one of 5 immunologically-distinct serogroups: A, B, C, W
and Y.5 The geographic distribution of serogroups and disease
incidence varies widely, and can change over time, making

meningococcal epidemiology rather unpredictable and disease
control strategies more complicated.6

The development of effective vaccines targeted against the
most common meningococcal serogroups is the most rational
strategy to prevent IMD. To this end, meningococcal capsular
polysaccharide-protein carrier conjugate vaccines specific to 4 of
the 5 most common serogroups (ACWY) have been developed
and are approved in various countries.7-9 Meningococcal glyco-
conjugate vaccines have been demonstrated to elicit protection
and immunologic memory,10 as well as to reduce the acquisition
of asymptomatic nasopharyngeal carriage, interrupting transmis-
sion and thereby inducing herd protection.11–13
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The results of clinical evaluations of MenACWY-CRM
(Menveo�, Novartis Vaccines, Siena, Italy), a quadrivalent
meningococcal oligosaccharide-CRM197 conjugate vaccine,9

demonstrate that this vaccine is highly immunogenic and well
tolerated in a wide range of age populations beginning from 2
months of age.14-16 MenACWY-CRM is currently licensed for
use in children, adolescents and adults in many countries, includ-
ing the US and countries in the EU, Latin America and Asia.

Due to the poor immunogenic potential of the capsular poly-
saccharide of meningococcal serogroup B organisms, a glycoconju-
gate vaccine approach cannot be applied to serogroup B.17,18

Therefore, a novel strategy was employed to develop 4CMenB
(Bexsero�, Novartis Vaccines, Siena, Italy), a multicomponent
vaccine targeted against meningococcal serogroup B.18,19

4CMenB consists of 4 components, including 3 recombinant pro-
teins that were identified by genome mining as surface antigens
common to many serogroup B strains, factor H-binding protein
(fHbp), Neisseria adhesin A (NadA) and Neisserial Heparin Bind-
ing Antigen (NHBA) (the latter 2 antigens are included as fusion
proteins with otherNeisseria proteins), combined with outer mem-
brane vesicle (OMV) components from theNewZealand outbreak
strain NZ98/254.19-22 Results from Phase 2 and 3 clinical studies
demonstrated that 4CMenB elicited strong bactericidal responses
against the vaccine antigens and was generally well tolerated when
used in infants and children, adolescents and adults.21-26 4CMenB
has been approved in the EU, Australia, Canada, Chile, and Uru-
guay for use in individuals beginning from 2 months of age and in
the US for use in individuals 10 to 25 y of age.

In this report we present the results of the first Phase 2 clinical
study to assess the immunogenicity, safety and reactogenicity of
4 investigational formulations of a meningococcal ABCWY vac-
cine, containing oligosaccharides from meningococcal serogroups
ACWY conjugated to a CRM197 carrier protein, as well as
recombinant serogroup B proteins (rMenB) and OMV compo-
nents, in healthy adolescents.

Results

Enrollment, study flow and demographics
A total of 495 subjects were enrolled and randomized

(nD 80¡85 across study groups) into 6 groups to receive 2 doses,
2 months apart, of one of 4 investigational MenABCWY formula-
tions (Groups I, II, III, and IV) or 2 doses of the rMenB vaccine
alone (Group V) or one dose of MenACWY-CRM followed by a
placebo (Group VI; Fig. 1). Of these subjects, 494 were vacci-
nated and 485 subjects completed the study. Reasons for prema-
ture withdrawal were withdrawal of consent (nD 6), loss to follow
up (nD 1), protocol deviation (n D 1), adverse event (AE; nD 1,
vasovagal reaction pre-vaccination) and administrative reason
(n D 1) (Fig. 1). The baseline demographic characteristics of the
enrolled subjects were similar across the groups (Table 1).

Immunogenicity
Immune responses to N. meningitidis serogroups ACWY and

serogroup B test strains that were chosen to measure immune

responses to specific vaccine antigens (44/76-SL for fHbp; 5/99
for NadA; M07–0241084 for NHBA; and NZ98/254 for PorA
P1.4, the major outer-membrane protein antigen) were assessed
by a serum bactericidal assay with human complement (hSBA).

Immunogenicity against serogroups ACWY
One month following 2 doses of MenABCWY formulations,

the percentage of subjects who achieved seroresponse (i.e. at least
a 4-fold increase in hSBA titers from a prevaccination titer �4 or
a rise to �8 in those with a prevaccination titer <4), against
serogroups ACWY in Groups I-IV were high, with comparable
results across the groups: A, 97–98%; C, 95–97%; W, 74–86%;
and Y, 92–96% (Fig. 2A). Comparatively, one month following
one dose of MenACWY-CRM (Group VI), 86%, 68%, 60%
and 78% of subjects achieved a seroresponse against serogroups
A, C, W, and Y, respectively.

One month after the first dose of a MenABCWY formulation,
there was no evidence of a difference in seroresponse rates
in Groups I-IV against serogroups ACWY (A: 75–86%; C:
61–79%; W: 56–67%; Y: 77–82%), as compared to those in
Group VI one month after one dose of MenACWY-CRM. Of
note, following 2 doses of rMenB (Group V), 87%, 29% and
47% of subjects achieved seroresponse against serogroups A, C,
and W, respectively.

Following two doses of investigational MenABCWY formula-
tions, nearly all subjects had hSBA titers �8 against serogroups
ACWY in Groups I-IV (98–100%), higher than that observed in
Group VI after a single dose of MenACWY-CRM for serogroup
A (88%) and serogroup C (84%) but comparable for serogroups
W (98%) and Y (100%) (Fig. 2A).

Following two vaccinations, large increases in the hSBA geo-
metric mean titers (GMTs) against serogroups ACWY in Groups
I-IV were demonstrated, ranging from »18–150-fold, with sig-
nificantly higher GMTs against serogroups C, W, and Y than
those observed in subjects one month following the single Men-
ACWY-CRM vaccination; GMTs against serogroup A appeared
to be higher in Groups I-IV, as compared to those of Group VI,
although the difference was not significant (Fig. 2B). In subjects
who received 2 doses of rMenB (Group V), increases in GMTs
relative to baseline were observed for serogroup A (49-fold), with
smaller increases in GMTs for serogroups C and W (3–6-fold).

Immunogenicity against serogroup B test strains
One month following 2 doses of all investigational

MenABCWY vaccines (Groups I-IV), or the rMenB vaccine
alone (Group V), nearly all subjects had hSBA titers �5 against
the fHbp test strain H44/76 (96–100%) and the NadA test strain
5/99 (99–100%). An overall higher percentage of subjects in
Groups III and IV, which were administered vaccines containing
NZ OMV components, achieved hSBA titers �5 against the
NHBA test strain M07–0241084 (68–75%), as compared to
those groups administered the MenABCWY formulations with-
out the OMV components (Group I: 38%; Group II: 47%) or
the rMenB vaccine alone (Group V: 54%). Only subjects in
Groups III and IV exhibited hSBA titers �5 against the NZ
OMV test strain NZ98/254 (71–78%) (Fig. 3A).
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The hSBA GMTs against the serogroup B test strains at base-
line were low and comparable between vaccine groups (Fig. 3B).
At one month after the second vaccine dose, robust immune
responses against the fHbp and NadA antigens were observed in

all groups administered MenABCWY formulations (Groups I-
IV), or the rMenB vaccine alone (Group V), as evidenced by 51–
88-fold and 111¡174-fold increases in GMTs for the fHbp and
NadA test strains, respectively. Increases in GMTs against the

Table 1. Study population demographics and baseline characteristics

Group I Group II Group III Group IV Group V Group VI

n D 80 n D 82 n D 83 n D 82 n D 85 n D 83

Age, years (Mean § SD) 13.6 § 2.1 13.8 § 2.1 13.8 § 2.3 13.9 § 1.9 14.4 § 2.2 14.2 § 2.2
Sex, n (%)
Male 33 (41) 38 (46) 39 (47) 44 (54) 41 (48) 38 (46)
Female 47 (59) 44 (54) 44 (53) 38 (46) 44 (52) 45 (54)

Ethnicity, n (%)
Black 5 (6) 2 (2) 4 (5) 0 4 (5) 3 (4)
Caucasian 0 0 0 1 (1) 0 0
Hispanic 58 (73) 62 (76) 61 (73) 60 (73) 61 (72) 61 (73)
Other 17 (21) 18 (22) 18 (22) 21 (26) 20 (24) 19 (23)

Weight, kg (Mean § SD) 51.1 § 13.7 53.2 § 14.7 54.1 § 17.6 49.5 § 11.0 53.2 § 12.9 54.2 § 13.7
Height, cm (Mean § SD) 156.4 § 10.0 157.2 § 11.8 156.6 § 12.0 157.1 § 9.6 157.8 § 11.4 157.2 § 10.7

SD: standard deviation

Figure 1. Subject disposition flowchart.
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NHBA and NZ OMV test strains followed a similar trend to that
observed for the percentages of subjects achieving hSBA titers �5
against these strains, with the most substantial increases in post-
vaccination GMTs against these strains observed in Groups III
and IV, as compared to Groups I, II, and V.

Safety and reactogenicity
Of 495 enrolled subjects, 494 (>99%) were exposed to at

least one study vaccination and contributed to the safety analyses.
Overall, 89¡96% of subjects across vaccine groups reported at
least one solicited reaction within 7 d after any study vaccination.
The rates of solicited local reactions were higher in Groups I-IV
(84¡93%) and Group V (80%), as compared to Group VI
(60%) after the first vaccination, but similar across vaccine
groups after the second vaccination (65¡84%) (Table 2). The
highest frequencies of systemic reactions following the first

vaccination were observed in the groups that received the investi-
gational MenABCWY formulations including the OMV compo-
nents (Groups III and IV: 76% versus Groups I, II, V, VI:
55–67%). Overall, solicited reactions in Groups I-V were mostly
mild to moderate in severity and did not increase after the second
vaccine dose; whereas, in Group VI a higher percentage of sub-
jects reported reactogenicity following the aluminum hydroxide-
containing placebo dose (80%), as compared to the MenACWY-
CRM dose (68%). Across groups, the percentages of subjects
who used any analgesic/antipyretic medications within 7 d of
each study vaccination or who stayed home due to any reason
were low (up to 14% and 2–6%, respectively).

The most commonly reported local reaction was injection site
pain, reported by 50–92% (including 5¡21% severe) and
63–83% (including 11¡20% severe) of subjects across groups
after the first and second vaccination, respectively (Table 3).

Figure 2. (A) Percentage of subjects (95% CI) with seroresponse and percentage of subjects (95% CI) with hSBA titers �8 against serogroups ACWY at
one month after first dose (Day 31) and 1 month after the second dose (Day 91), by vaccination group. (B) hSBA geometric mean titers (95% CI) against
serogroups ACWY at baseline (Day 1) and one month after the first and second doses, by vaccination group.
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Myalgia and headache were the most commonly-reported sys-
temic reactions, with similar percentages of subjects reporting
these reactions across groups (Table 3). Rash was reported by a
small number of subjects (�5 %), equally distributed across vac-
cine groups. Fever �38.0�C was rare, ranging from 2¡7% across
groups after any vaccination, with one report of severe fever
�40�C after the second vaccination with rMenB (Group VI).

During the study period (91 days), unsolicited AEs were
reported in 32¡37% of subjects with comparable rates across
vaccine groups, of which 7¡17% were considered at least possi-
bly related to study vaccination. Overall, the most frequently
reported unsolicited AEs were nasopharyngitis (up to 13%), fol-
lowed by myalgia, induration, swelling, headache, erythema and

abdominal pain (all �5 %), judged mostly unrelated to study
vaccination.

Three subjects experienced a serious AE (SAE; loss of con-
sciousness and traumatic brain injury [Group V]; gastroenter-
itis [Group V], intentional drug misuse [Group VI]), none of
which was considered related to study vaccination. Two cases
of pregnancy were reported: one subject in Group V, who
was identified as pregnant approximately one month follow-
ing the second rMenB vaccination and subsequently delivered
a healthy baby at 41 weeks without any congenital abnormal-
ities, and one subject in Group IV, who tested positive for
pregnancy 65 d after the first (and only) MenABCWY vacci-
nation (1/4 dose OMV formulation), and subsequently

Table 2. Overview of reactogenicity within 7 d of each vaccination, by group

Number (%) of subjects with solicited reactions

Group I Group II Group III Group IV Group V Group VI

N n (%) N n (%) N n (%) N n (%) N n (%) N n (%)

Injection: 1
Any 81 70 (86%) 81 73 (90%) 83 79 (95%) 82 75 (91%) 85 70 (82%) 82 56 (68%)
Local 81 68 (84%) 81 72 (89%) 83 77 (93%) 82 74 (90%) 85 68 (80%) 82 49 (60%)
Systemic 81 52 (64%) 81 54 (67%) 83 63 (76%) 82 62 (76%) 85 53 (62%) 82 45 (55%)
Other a 81 4 (5%) 81 9 (11%) 83 10 (12%) 82 10 (12%) 85 5 (6%) 82 9 (11%)

Injection: 2
Any 80 59 (74%) 80 56 (70%) 81 70 (86%) 81 63 (78%) 81 64 (79%) 82 66 (80%)
Local 80 54 (68%) 80 52 (65%) 81 68 (84%) 81 62 (77%) 81 60 (74%) 82 59 (72%)
Systemic 80 38 (48%) 80 37 (46%) 81 48 (59%) 81 39 (48%) 81 44 (54%) 82 46 (56%)
Othera 80 8 (10%) 80 6 (8%) 81 11 (14%) 81 8 (10%) 81 2 (2%) 82 10 (12%)

aOther indicators of reactogenicity: medically attended fever, medication to prevent fever, medication to treat fever, stayed home due to any reaction.

Figure 3. (A) Percentage of subjects (95% CI) with hSBA titers �5 and (B) hSBA geometric mean titers (95% CI) for serogroup B test strains 44/76-SL
(fHbp), 5/99 (NadA), M07–0241084 (NHBA) and NZ98/254 (PorA) at baseline (Day 1), one month after the first dose (Day 31), and one month after the sec-
ond dose (Day 91), by vaccination group.
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Table 3. Percentage of subjects in Groups I to VI reporting solicited local and systemic reactions within 7 d of each vaccination, by group

Number (%) of Subjects With Solicited Reactions

Group I Group II Group III Group IV Group V Group VI

Vaccination N D 81 N D 81 N D 83 N D 82 N D 85 N D 82

Local
Erythema (mm) 1 Any 19 (23%) 26/80 (33%) 31 (37%) 26 (32%) 23 (27%) 20/81 (25%)

>100 mm 0 0 0 0 0 0
2 Any 23/80 (29%) 21/80 (26%) 30/81 (37%) 22/81 (27%) 19/81 (23%) 19 (23%)

>100 mm 0 0 1/81 (1%) 0 0 0
Induration (mm) 1 Any 28 (35%) 27/79 (34%) 39 (47%) 28 (34%) 17/84 (20%) 17/81 (21%)

>100 mm 1 (1%) 0 0 0 0 0
2 Any 18/80 (23%) 19/80 (24%) 32/81 (40%) 27/81 (33%) 20/81 (25%) 18 (22%)

>100 mm 1/80 (1%) 0 0 0 0 0
Swelling (mm) 1 Any 10 (12%) 22/79 (28%) 43 (52%) 20 (24%) 16/84 (19%) 12/81 (15%)

>100 mm 0 0 0 0 0 0
2 Any 13/80 (16%) 21/80 (26%) 27/81 (33%) 22/81 (27%) 12/80 (15%) 15 (18%)

>100 mm 0 0 1/81 (1%) 0 0 0
Pain 1 Any 65 (80%) 67 (83%) 76 (92%) 73 (89%) 66 (78%) 41 (50%)

Severe 10 (12%) 10 (12%) 16 (19%) 17 (21%) 4 (5%) 7 (9%)
2 Any 54/80 (68%) 50/80 (63%) 67/81 (83%) 61/81 (75%) 56/81 (69%) 58 (71%)

Severe 10/80 (13%) 12/80 (15%) 14/81 (17%) 16/81 (20%) 9/81 (11%) 12 (15%)
Systemic
Chills 1 Any 12 (15%) 13 (16%) 13 (16%) 22 (27%) 10 (12%) 14 (17%)

Severe 0 0 3 (4%) 4 (5%) 2 (2%) 2 (2%)
2 Any 10/80 (13%) 14/80 (18%) 14/81 (17%) 10/81 (12%) 8/81 (10%) 11 (13%)

Severe 1/80 (1%) 1/80 (1%) 2/81 (2%) 2/81 (2%) 0 0
Malaise 1 Any 19 (23%) 18 (22%) 14 (17%) 20 (24%) 8 (9%) 15 (18%)

Severe 2 (2%) 1 (1%) 1 (1%) 4 (5%) 0 2 (2%)
2 Any 10/80 (13%) 19/80 (24%) 17/81 (21%) 14/81 (17%) 15/81 (19%) 13 (16%)

Severe 0 3/80 (4%) 3/81 (4%) 4/81 (5%) 1/81 (1%) 2 (2%)
Myalgia 1 Any 39 (48%) 42 (52%) 42 (51%) 45 (55%) 34 (40%) 31 (38%)

Severe 7 (9%) 7 (9%) 8 (10%) 10 (12%) 3 (4%) 6 (7%)
2 Any 27/80 (34%) 29/80 (36%) 41/81 (51%) 30/81 (37%) 31/81 (38%) 29 (35%)

Severe 4/80 (5%) 6/80 (8%) 9/81 (11%) 8/81 (10%) 4/81 (5%) 7 (9%)
Arthralgia 1 Any 17 (21%) 14 (17%) 14 (17%) 16 (20%) 13 (15%) 12 (15%)

Severe 0 2 (2%) 1 (1%) 2 (2%) 1 (1%) 2 (2%)
2 Any 9/80 (11%) 8/80 (10%) 20/81 (25%) 12/81 (15%) 12/81 (15%) 9 (11%)

Severe 3/80 (4%) 2/80 (3%) 5/81 (6%) 3/81 (4%) 1/81 (1%) 2 (2%)
Headache 1 Any 34 (42%) 33 (41%) 41 (49%) 31 (38%) 30 (35%) 34 (41%)

Severe 6 (7%) 4 (5%) 5 (6%) 4 (5%) 1 (1%) 7 (9%)
2 Any 21/80 (26%) 24/80 (30%) 31/81 (38%) 22/81 (27%) 23/81 (28%) 28 (34%)

Severe 4/80 (5%) 5/80 (6%) 4/81 (5%) 3/81 (4%) 1/81 (1%) 6 (7%)
Fatigue 1 Any 18 (22%) 12 (15%) 9 (11%) 15 (18%) 18 (21%) 12 (15%)

Severe 5 (6%) 1 (1%) 1 (1%) 3 (4%) 3 (4%) 2 (2%)
2 Any 9/80 (11%) 7/80 (9%) 11/81 (14%) 9/81 (11%) 9/81 (11%) 7 (9%)

Severe 1/80 (1%) 1/80 (1%) 0 0 0 1 (1%)
Nausea 1 Any 15 (19%) 12 (15%) 13 (16%) 13 (16%) 8 (9%) 9 (11%)

Severe 1 (1%) 1 (1%) 0 2 (2%) 0 0
2 Any 6/80 (8%) 10/80 (13%) 7/81 (9%) 7/81 (9%) 7/81 (9%) 7 (9%)

Severe 0 1/80 (1%) 0 3/81 (4%) 1/81 (1%) 1 (1%)
Rash 1 Any 4 (5%) 1 (1%) 3 (4%) 4 (5%) 3 (4%) 4 (5%)

Urticarial 4 (5%) 0 1 (1%) 3 (4%) 2 (2%) 2 (2%)
2 Any 3/80 (4%) 4/80 (5%) 3/81 (4%) 3/81 (4%) 5/81 (6%) 2 (2%)

Urticarial 2/80 (3%) 2/80 (3%) 2/81 (2%) 2/81 (2%) 3/81 (4%) 1 (1%)
Fever (�38 �C) 1 Yes 2 (2%) 5 (6%) 4 (5%) 5 (6%) 2 (2%) 2 (2%)

2 Yes 2/80 (3%) 5/80 (6%) 6/81 (7%) 5/81 (6%) 3/81 (4%) 4 (5%)

Pain and solicited systemic reactions were classified as mild (transient with no limitation in normal daily activities), moderate (some limitation in daily activi-
ties) or severe (unable to perform normal daily activities).
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experienced a spontaneous abortion after study termination
(72 d after the vaccination), that was considered as not
related to study vaccination. There were no deaths reported
in this study.

Discussion

The introduction of meningococcal glycoconjugate vaccines
against serogroups ACWY has provided an opportunity to sub-
stantially reduce the overall incidence of meningococcal disease
globally. The recent development of protein-based meningococ-
cal vaccines targeting serogroup B represents an important step
toward reducing the remaining prominent cause of childhood
bacterial meningitis and septicemia.27 The clinical data support
the immunogenicity and tolerability of licensed ACWY conju-
gate vaccines and licensed multicomponent serogroup B vaccines;
however, administration of both vaccines are needed to obtain
protection against a majority of circulating strains from the 5
most common serogroups that cause IMD. A single combination
meningococcal vaccine that includes the antigens of the licensed
MenACWY-CRM and 4CMenB vaccines would simplify immu-
nization schedules, potentially increase meningococcal immuni-
zation rates, and, therefore, provide public health benefits of
increasing breadth of coverage, as compared to immunization
with only one of either of these vaccines.

In the present study, we evaluated the immunogenicity and
safety of investigational formulations of a meningococcal
ABCWY vaccine in healthy adolescents. The results demonstrate
that 2 doses of all of the investigational formulations, adminis-
tered 2 months apart, elicited highly immunogenic responses
against serogroups ACWY. Seroresponse rates following 2 doses
of MenABCWY formulations against serogroups ACWY were
high, overall higher than the observed response following one
dose of MenACWY-CRM. Moreover, across Groups I-IV, nearly
all (98–100%) of the subjects administered 2 doses of the investi-
gational MenABCWY formulations achieved hSBA titers �8
against each of serogroups ACWY. Overall, immune responses
against serogroups ACWY were comparable across the groups
administered the MenABCWY investigative formulations.

The results of this study also demonstrate that 2 doses of
MenABCWY investigational formulations elicited substantial
immune responses against the serogroup B antigens. In particu-
lar, we observed that all 4 MenABCWY formulations induced
high proportions of subjects with hSBA titers �5 against test
strains for the fHbp and NadA antigens, similar to those
responses induced by the rMenB vaccine alone. While there was
no evidence for a difference in responses to the fHbp and NadA
antigens among participants who received any of the
MenABCWY investigational formulations, protective hSBA
titers against the test strains for the NHBA and NZ OMV com-
ponents were greatest in participants who received formulations
including OMV. In comparing serogroup B immune responses
following administration of MenABCWY formulations contain-
ing either a full dose or a one-quarter dose of the OMV compo-
nents, GMTs against the NHBA and NZ OMV test strains

appeared to be lower in participants who had received the formu-
lation containing the reduced OMV content; however, further
analyses will be needed to assess a possible difference between
these formulations in immunogenicity against serogroup B test
strains.

The recombinant antigens used in the 4CMenB vaccine are
also present in other pathogenic serogroups of N. meningitidis,
thus indicating that this vaccine might confer protection against
non-serogroup B strains. For example, isolated epidemic strains
from serogroups A, W, and X (a recently identified cause of IMD
in Africa, for which no vaccine exists), express fHbp proteins that
share significant sequence homology with the fHbp antigen used
in the 4CMenB vaccine and, therefore, may be susceptible to the
bactericidal activity of 4CMenB-induced antibodies.28,29 Indeed,
results of an analysis of the bactericidal activity of sera from
4CMenB-vaccinated individuals against a panel of serogroup X
epidemic strains indicated that 4CMenB may indeed confer pro-
tection against strains of this serogroup, and that this protection
is likely attributable to fHbp-specific antibody responses.30 While
4CMenB coverage of non-serogroup B strains has not been stud-
ied extensively, the susceptibility of any meningococcal strain to
bactericidal antibodies elicited by 4CMenB is dependent upon
both the degree of similarity between vaccine antigens and the
respective target proteins, as well as the expression level of the tar-
get proteins, in each strain.31 In the current study, following 2
doses of the rMenB vaccine alone, we observed bactericidal anti-
body responses against the serogroup A test strain, in particular,
and to a lesser extent the serogroup C and W test strains. Given
the robust immune responses against serogroups ACWY follow-
ing vaccination with MenACWY-CRM, the potential additive
cross-protective benefit against these serogroups, as well as against
serogroup X, conferred by combining MenACWY-CRM with
the rMenB and OMV components deserves further clinical
evaluation.

Vaccines incorporating outer membrane vesicles are known to
be more reactogenic than other types of vaccines.32 In the present
study, reactions to MenABCWY formulations including OMV
were more frequent relative to the other groups. Lowering the
dosage of the OMV components from a full dose to a one-quar-
ter dose resulted in only small differences in the proportions of
subjects with reactions. Nonetheless, the overall frequency and
type of reactions to the MenABCWY formulations containing
OMV were consistent with previously-reported reactogenicity
profiles of 4CMenB in adolescents.25 In general, across groups
administered the investigational MenABCWY formulations, fre-
quencies of solicited reactions were higher after the first vaccina-
tion than after the second vaccination and the majority of the
reactions reported in these groups were mild to moderate in
severity. The most frequently reported local reaction after any
vaccine formulation was pain at the injection site; most common
reported systemic reactions were myalgia and headache. Fever
was rare and there was no vaccine-related SAE throughout the
study period.

There are several limitations to the present study. First, the
small sample size limited inter-group comparisons for immuno-
genicity, reactogenicity, and safety results. Second, the accepted
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correlate for protection against IMD, hSBA titers �4,33 is based
on clinical efficacy data for monovalent serogroup A or C and
bivalent serogroup AC meningococcal vaccines, and is inferred
for serogroups B, W and Y, for which no efficacy data are avail-
able, as indicative of protection. Thus, while hSBA titers �4 is
the standard correlate of protection, here we used a more strin-
gent criterion of hSBA titers �8 or �5 for serogroups ACWY or
serogroup B test strains, respectively, to assess the immunogenic-
ity of the MenABCWY vaccine formulations. Third, as the anti-
gens used in 4CMenB are variably expressed by serogroup B
strains, the 4 test strains used in this study do not represent all
circulating serogroup B strains, and, thus, the immunogenicity
results cannot be generalized. Estimates of MenABCWY vaccine
coverage against serogroup B strains necessitates further evalua-
tion against larger panels that represent diverse circulating strains.

In summary, 2 doses of all investigational formulations of
meningococcal ABCWY vaccines, administered 2 months apart,
elicited highly immunogenic responses to meningococcal
serogroups ACWY, comparable to or higher than those antici-
pated from the MenACWY-CRM vaccine. While ACWY
immune responses were comparable for all MenABCWY formu-
lations, we observed that those formulations containing the
OMV components elicited overall higher bactericidal antibody
responses to most of the serogroup B antigen test strains. All
investigative MenABCWY formulations had an acceptable tolera-
bility profile, with evidence of self-limited local and systemic
reactions of mild to moderate severity. Collectively, these find-
ings support the further development of an OMV-containing
MenABCWY vaccine formulation as the first meningococcal vac-
cine that targets strains of the 5 most common serogroups that
cause invasive meningococcal disease.

Patients and Methods

Study design and objectives
This Phase 2 randomized, observer-blinded, controlled study

was conducted at 6 sites in Panama, 3 sites in Colombia and 2
sites in Chile between December 2010 and July 2011 (Clinical-
trials.gov identifier: NCT01210885). The study was undertaken
according to Good Clinical Practice and the Declaration of Hel-
sinki. Ethics review committees of participating centers approved
the study protocol and study-specific documents, and written
informed consent was obtained from every participant and/or
parents or legal guardians, where appropriate, prior to enrollment.

The primary study objectives were to evaluate the immunoge-
nicity, safety and reactogenicity of 2 doses of each of the 4
MenABCWY investigational vaccine formulations. A secondary
immunogenicity objective was to assess the immune responses to
each of the investigational vaccine formulations at one month
after the first vaccine dose. The licensed quadrivalent meningo-
coccal glycoconjugate vaccine MenACWY-CRM and the investi-
gational rMenB vaccine, which included 3 recombinant proteins
but no OMV components, were used as comparators.

Study participants
A total of 495 adolescents were randomized to one of the 6

study groups to receive 2 vaccinations, 2 months apart, of the
indicated vaccine formulations (Fig. 1). Randomization was per-
formed in a 1:1:1:1:1:1 ratio according to a centrally held ran-
domization list from the sponsor.

Eligible study participants were healthy 11–18 year-old males
and females. Subjects were excluded if they received any menin-
gococcal vaccine or had a history of meningococcal disease or
intimate exposure to an individual with meningococcal disease.
Other exclusion criteria were: a significant acute infection or use
of antibiotic within 7 d prior to enrolment; fever �38�C within
3 d of enrollment; known adverse reactions to vaccine compo-
nents; any serious chronic or progressive disease; immune-medi-
ated disease or impairment of the immune system from any
cause, and previous receipt or intent to receive any investigational
product. Pregnant or breast-feeding women were excluded from
enrollment and women of childbearing potential had to be com-
mitted to using birth control measures for the duration of the
study and for at least 2 months before study participation.

Vaccines
The investigational MenABCWY vaccines were prepared just

prior to injection by reconstituting the lyophilized powder con-
taining capsular oligosaccharide of serogroups ACWY conjugated
to CRM197, a nontoxic mutant of diphtheria toxin, and either
one or 2 doses of liquid suspension containing purified recombi-
nant proteins of meningococcal serogroup B (rMenB: NadA
(subvariant 3.1), fHbp-GNA2091 (subvariant 1.1) and NHBA-
GNA1090 (subvariant 1.2) adsorbed on aluminum hydroxide),
or one dose of rMenB with one or one-quarter dose of OMV
from serogroup B strain NZ98/254. All MenABCWY formula-
tions administered to Groups I-IV contained 10 mg of MenA-
CRM197 and 5 mg each of MenC-CRM197, MenW-CRM197,
and MenY-CRM197. Formulations administered to Groups I-V
contained different amounts of rMenB proteins, OMV compo-
nents, and aluminum hydroxide:

� Group I [MenACWY-CRM C rMenB(1£)]: 50 mg each of
NadA, fHbp-GNA2091 and NHBA-GNA1090 and 1.5 mg
of aluminum hydroxide;

� Group II [MenACWY-CRM C rMenB(2£)]: 100 mg each of
NadA, fHbp-GNA2091 and NHBA-GNA1090, and 3.0 mg
of aluminum hydroxide;

� Group III [MenACWY-CRM C rMenB(1£) C OMV(1£)]:
50 mg each of NadA, fHbp-GNA2091 and NHBA-
GNA1090, 1.5 mg of aluminum hydroxide and 25 mg (“full
dose”) of OMV;

� Group IV [MenACWY-CRM C rMenB(1£) C OMV(1/4£)]:
50 mg each of NadA, fHbp-GNA2091 and NHBA-
GNA1090, 1.5 mg of aluminum hydroxide and 6.25 mg
(“1/4 dose”) of OMV;

� Group V [rMenB(1£)]: 50 mg each of NadA, fHbp-
GNA2091 and NHBA-GNA1090, 1.5 mg of aluminum
hydroxide.
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All rMenB vaccines were supplied in pre-filled syringes.
Subjects in groups I to V were to receive 2 doses of investiga-

tional vaccines 2 months apart. Subjects in Group VI received
one dose of the comparator MenACWY-CRM vaccine
(Menveo�, Novartis Vaccines), which was prepared by mixing
the lyophilized MenA-CRM197 component with the liquid
MenCWY-CRM197 component just prior to injection, followed
by a liquid suspension placebo that contained 1.5 mg of alumi-
num hydroxide and was supplied in a pre-filled syringe.

Vaccine formulations were prepared as a 0.5 mL (Groups I,
III, IV, V, VI) or 1.0 mL dose (Group II) and were administered
intramuscularly in the deltoid muscle of the nondominant arm.
Designated unblinded study personnel, who otherwise did not
participate in the evaluation of the subjects during the trial, pre-
pared the vaccine formulations (“observer blind” design).

Immunogenicity analyses
Blood samples (15–20 mL) were obtained for immunogenic-

ity analyses before and one month after each vaccination. Sera
were analyzed at the Novartis Clinical Laboratory Sciences (Mar-
burg, Germany). Immune responses to N. meningitidis
serogroups ACW and serogroup B test strains were assessed using
a high-throughput serum bactericidal assay with human comple-
ment (hSBA) as described previously34 with some modifications.
In brief, the high-throughput hSBA assay adheres to the same
principles as the conventional hSBA assay but differs in that the
bacterial outgrowth step is in a liquid suspension containing the
cell-permeable redox substrate resazurin dye (the active ingredi-
ent of alamarBlue�). Resazurin is reduced to the fluorescent
product resorufin through bacterial respiration, and, thus, the
postreaction bacterial viability can be quantified over time by
measuring the resorufin fluorescent signal. Each bactericidal reac-
tion was performed in a 15 ml volume in a 384-well microtiter,
black flat-bottom plate and contained serial dilutions of the
serum sample and the exogenous complement source obtained
from human plasma. The starting inoculum of relevant N. men-
ingitidis strain was added subsequently. The starting bacterial
inoculum was prepared by growing the relevant strain to an
OD620 of 0.65–0.8, followed by dilution of the culture 1:500 in

phosphate-buffered saline (PBS) supplemented with glucose and
bovine serum albumin (BSA); a 5 ml volume of the diluted cul-
ture was added to each well of the microtiter plate. Following a
60 minute incubation period for the bactericidal reaction, 20 ml
of PBS buffer supplemented with glucose, BSA and alamarBlue�

(DAL1100; Invitrogen; prepared fresh the day of use) was added
to each well. The plate was then sealed with a gas-permeable,
optically-clear film and incubated at 37�C in 5% CO2 and 90%
humidity. Fluorometric readings were then collected for
16 hours, conducted on an hourly basis, using a fully automated
robotic platform (Tecan Evo 100). As controls for resorufin fluo-
rescence-quenching activity of serum, a serum normalization
series, which lacked bactericidal activity against the tested bacte-
rial strain, was included in each experiment. Analysis of the fluo-
rescence readouts and computation of high-throughput hSBA
titers was conducted as described previously.34 The reciprocal
serum dilution that resulted in a 50% reduction of fluorescence
(IC50) relative to the normalized maximum signal was reported
as the high-throughput hSBA titer of the sample. Immune
responses to N. meningitidis serogroup Y were assessed using the
conventional hSBA assay.14

The hSBA antibody responses against meningococcal
serogroups ACWY were expressed as the percentage of subjects
with seroresponse, percentage of subjects with hSBA titers �8,
and hSBA geometric mean titers (GMTs) (see Table 4 for addi-
tional information on the serogroup A, C, W, and Y test strains).
Seroresponse was defined as the percentage of subjects per group
achieving at least a 4-fold increase in titers from a prevaccination
titer �4 or a rise to �8 in those with a prevaccination titer <4.
The hSBA antibody responses to the serogroup B test strains (44/
76-SL for fHbp; 5/99 for NadA; M07–0241084 for NHBA; and
NZ98/254 for PorA P1.4, the major outer-membrane protein
antigen) were expressed as percentages of subjects with hSBA
titers �5 and hSBA GMTs.

Safety analyses
Subjects were observed for 30 minutes after each vaccination

by blinded site personnel to monitor for any immediate adverse
reactions. Subjects or guardians recorded solicited local reactions,

Table 4. 4CMenB vaccine antigen genotypic and phenotypic characteristics of serogroup A, C, W, and Y test strains

Vaccine Antigen Molecular Typinga MATS relative potencyb

Serogroup (test strain) fHbp NHBA NadA PorA match fHbp NHBA NadA

Serogroup A (F8238) 1.5 27 C No 0.047 0.15 0.24
Serogroup C (C11) 2.22 15 C No <LLOQ 0.41 0.028
Serogroup W (240070) 2.16 20 ¡ No <LLOQ 0.66 <LLOQ
Serogroup Y (860800) 2.23 9 ¡ No <LLOQ 0.068 <LLOQ

aThe fHbp variant/subvariant, NHBA peptide and presence (“C”) of the nadA gene and are given for each strain. The fHbp nomenclature used to describe
the different variants and sub-variants of fHbp use a prefix (1, 2, or 3) that defines the variant and a suffix (e.g. Sixteen) that defines the subvariant (or “pep-
tide”) and distinguishes each by as little as a single amino acid change and is consistent with the nomenclature used in the Neisseria PubMLST database
(http://pubmlst.org/neisseria/).
bMeningococcal antigen typing system (MATS) Relative Potency values are expressed relative to the reference strain for each antigen. The positive bacteri-
cidal threshold is as follows: fHBP D 0.021, NHBA D 0.29 and NadA D 0.009.31 Numbers in bold indicate a relative potency above the positive bactericidal
threshold. The clinical significance of the MATS RP for the non-serogroup B strains is unknown.
LLOQ: Lower Limit of Quantitation.
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systemic reactions, and any adverse event (AE) on diary cards for
7 d after each vaccination. Reports of any unsolicited AEs, medi-
cally-attended AEs, serious AEs (SAEs) and AEs leading to study
withdrawal were collected throughout the study (91 days). The
investigators assessed the AEs for severity and relation to study
vaccines.

Statistical analyses
Statistical analyses were performed using Statistical Analyses

System (SAS) software version 9.1 (SAS Institute, Cary, NC,
US). A minimal sample of 80 subjects per vaccine group was to
be enrolled, assuming a 10% dropout rate. No formal statistical
hypothesis was tested. For the immunogenicity endpoints, seror-
esponse rates, percentage of subjects with hSBA titers �8
(serogroups ACWY), hSBA titers �5 (serogroup B test strains)
and GMTs, as well as corresponding 95% Clopper-Pearson con-
fidence intervals (CI), were calculated by vaccine group and time
point. Titers below the limit of detection were set at half the limit
of detection.

Immunogenicity analyses were run on the per-protocol (PP)
set (n D 478; 97%), which consisted of subjects who received all
of the relevant doses of vaccine correctly, provided at least one
evaluable serum sample at the appropriate time points, and had
no major protocol violations.

All subjects who received at least one study vaccination and
provided safety data were included in the safety analyses. Safety
data were evaluated descriptively, and expressed as the percentage
and number of subjects with solicited reactions or AEs in each
groups.
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