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Background: The currently licensed quadrivalent MenACWY-CRM conjugate vaccine presentation consists
of two vials (lyophilisedMenA and liquidMenCWY) to be reconstituted before injection. A new fully liquid
formulation in a single vial has been developed to further improve the vaccine presentation. Since theMenA
structure is subject to hydrolytic degradation, this study was conducted to compare the immunogenicity
and safety of the investigational MenACWY-CRM liquid vaccine with the licensed vaccine.
Methods: In this multicentre, randomised, controlled, observer-blind, phase 2b study, 979 healthy adults
were administered a single dose of MenACWY-CRM liquid presentation or the currently licensed
MenACWY-CRMvaccine.MenA free saccharide generationwas accelerated to approximately 30% in the liq-
uidpresentation andMenApolysaccharideO-acetylationwas reduced to approximately 40%, according to a
controlled procedure. Immunological non-inferiority of the MenACWY-CRM liquid to the licensed vaccine,
as measured by human serum bactericidal assay (hSBA) geometric mean titres (GMTs) against MenA
1 month post-vaccination, was the primary study objective. Safety assessment was among the secondary
objectives.
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Results: Immune responses against each serogroup were similar between the two vaccine groups and was
non-inferior forMenA. Adjusted hSBA GMTs forMenAwere 185.16 and 211.33 for theMenACWY-CRM liq-
uid presentation and currently licensed vaccine presentation, respectively. The between-group ratio of
hSBA GMTs for MenA was 0.88, with a two-sided 95% confidence interval lower limit of 0.64, greater than
theprespecifiednon-inferioritymarginof0.5, thusmeeting theprimary studyobjective. Bothvaccineswere
well tolerated. No serious adverse events were considered related to vaccination.
Conclusions: The levels of MenA free saccharide and polysaccharide O-acetylation did not affect the
immunogenicity of the fully liquid presentation, which was demonstrated to be non-inferior to the
immunogenicity of the currently licensed MenACWY-CRM vaccine against MenA. The immunogenicity,
reactogenicity and safety profiles of the two vaccine presentations were similar.
� 2021 GlaxoSmithKline Biologicals S.A. Published by Elsevier Ltd. This is an open access article under the

CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Invasive meningococcal disease (IMD), caused by Neisseria
meningitidis (meningococcus), is characterised by a rapid onset
and case fatality rates of 4–20% for treated cases [1]. Moreover, a
high proportion of IMD survivors are affected by a broad range of
physical, neurological and psychological sequelae and reduced
quality of life that can persist years after infection [2]. Of the 12
meningococcal serogroups identified, half (serogroups A, B, C, W,
X and Y) are responsible for almost all IMD cases globally [3].
The quadrivalent meningococcal glycoconjugate vaccine
MenACWY-CRM (Menveo, GSK), that uses non-toxic diphtheria
cross-reacting material 197 (CRM197) as carrier protein, induces
active immunisation against IMD caused by meningococcal ser-
ogroups A, C, Y and W [4]. MenACWY-CRM was first licensed in
2010 and has well established safety and immunogenicity profiles
[4].

The licensed MenACWY-CRM vaccine requires reconstitution of
the lyophilised meningococcal serogroup A (MenA-CRM197) com-
ponent with the liquid serogroups C, W and Y (MenCWY-CRM197)
component just before injection [5]. A fully liquid presentation of
MenACWY-CRM vaccine has been developed to ease the adminis-
tration process and avoid potential reconstitution errors. During
the manufacturing process, conjugates are produced by covalent
attachment of the serogroup oligosaccharides to CRM197. Develop-
ment stability studies have indicated that, in aqueous solution, the
percentage of unconjugated or free saccharide (FS) increases and
the O-acetylation level of the MenA oligosaccharide decreases over
time at 2–8 �C [6]. This is because the structure of MenA conju-
gated polysaccharide is particularly labile in aqueous solution in
terms of the glycosidic linkage and susceptibility to hydrolytic
degradation [7,8]. FS and O-acetylation contents may therefore
have an impact on the immunogenicity of conjugate vaccines.
Studies conducted using human sera and mouse immunisation
found immunogenicity was reduced with the removal of O-acetyl
groups from MenA [9]. However, a controlled clinical study involv-
ing 1170 healthy adults, comparing two lots of MenACWY-tetanus
toxoid conjugate vaccine with different MenA O-acetylation levels
(68% versus 92%) and polysaccharide unconjugated vaccine with
82% MenA O-acetylation, showed no impact on vaccine immuno-
genicity [10].

In the present study, we tested the non-inferiority of immune
responses against MenA induced by an investigational fully liquid
MenACWY-CRM presentation as compared to the currently
licensed MenACWY-CRM vaccine presentation. The investigational
liquid vaccine underwent an artificial accelerated controlled age-
ing process to achieve approximately 30% MenA FS, a concentra-
tion higher than the one set for the licensed vaccine at end of
shelf-life (<25%), and de-O-acetylation of MenA polysaccharide to
approximately 40%. Immune responses against serogroups C, W
6629
and Y, and the reactogenicity and safety of the study vaccines were
also evaluated.

2. Materials and methods

2.1. Study design

This was a randomised, controlled, observer-blind phase 2b
clinical study conducted at 30 centres in five countries (Australia,
Belgium, Canada, Germany and Italy) between September 2018
and June 2019 (ClinicalTrials.gov Identifier: NCT03652610). A
study summary is available at www.gsk-studyregister.com (study
identifier, 205343). The study was conducted in accordance with
the Declaration of Helsinki and Good Clinical Practice and
approved by the appropriate ethics committees. All participants
provided written informed consent before enrolment.

Participants were allocated to one of two study groups at each
site via a central randomisation system using a minimisation pro-
cedure accounting for centre. Randomisation of supplies within
blocks was performed at GSK using MATerial Excellence (MATEX),
a program developed by GSK for use with SAS software (Cary, NC,
USA). Due to differences in the presentation of the study vaccines,
the study was conducted in an observer-blind manner, i.e., vaccine
recipients and those responsible for the evaluation of any study
outcome were unaware of which vaccine was administered, while
each vaccine was prepared and administered by authorised medi-
cal personnel who did not participate in any of the study’s clinical
evaluations or assays.

There were two study visits (at vaccination and approximately
1 month [28 days] afterwards) and three telephone calls were
made to each participant at 2 weeks (Day 15), 3 months (Day 91)
and 6 months (Day 181) after vaccination to follow-up on vaccine
safety during study participation.

2.2. Outcome measures

The primary study objective was to demonstrate non-inferiority
of the fully liquid MenACWY-CRM vaccine presentation to the cur-
rently licensed lyophilised-liquid presentation (Menveo), as mea-
sured by human serum bactericidal assay (hSBA) geometric mean
titres (GMTs) against MenA at approximately 1 month following
vaccination. The primary outcome measure was the between-
group ratio of hSBA GMTs at Day 29. The main secondary immuno-
genicity outcomes reported in this paper are the serogroup-specific
hSBA GMTs at 1 month post-vaccination, the percentage of partic-
ipants with hSBA titre �8 (the titre considered as threshold for
seroprotection [4]) pre- and post-vaccination and the percentage
with a four-fold increase in hSBA titre post-vaccination. Other
immunogenicity results, such as pre-vaccination hSBA GMTs and
percentage of participants with hSBA titres � lower limit of

http://creativecommons.org/licenses/by/4.0/
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quantitation (LLOQ) pre- and post-vaccination, can be found at
ClinicalTrials.gov (https://www.clinicaltrials.gov/ct2/show/re-
sults/NCT03652610). Clinical tolerability and safety of the two vac-
cine presentations were analysed as secondary study outcomes.
2.3. Study participants and vaccines

Healthy adults aged 18–40 years were to be enrolled and ran-
domised to one of two study groups, receiving a single 0.5 mL
intramuscular dose of either the investigational MenACWY-CRM
liquid vaccine (MenACWY liquid group) or the licensed
MenACWY-CRM vaccine (MenACWY licensed group) in the deltoid
region of the non-dominant arm. The licensed MenACWY-CRM
vaccine contains 10 mg of MenA-CRM197 and 5 mg each of serogroup
C (MenC-CRM197), serogroup W (MenW-CRM197) and serogroup Y
(MenY-CRM197) and is prepared by mixing the lyophilised MenA-
CRM197 component (including as excipients, sucrose and potas-
sium dihydrogen phosphate) with the liquid MenCWY-CRM197

component (including as excipients, sodium dihydrogen phos-
phate monohydrate, disodium phosphate dihydrate, sodium chlo-
ride and water for injection) just before injection. The
investigational liquid presentation of the MenACWY-CRM vaccine
contained the same CRM-conjugated meningococcal serogroup
components as the licensed vaccine. As the MenA component is
not lyophilised in the liquid vaccine, sucrose and potassium dihy-
drogen phosphate were not included as excipients.

An approximate 30% level of MenA FS and 40% O-acetylation
was obtained in the investigational MenACWY-CRM liquid vaccine
by storing it at approximately 22.5 �C (±2�C) for around 2 months
(59 days) during the usual storage period at 2–8 �C [6]. The FS and
O-acetylation levels of the fully liquid vaccine were constantly
monitored before and during study conduct via HPAEC-PAD
(high-performance anion-exchange chromatography with pulsed
amperometric detection) for FS and 1H:NMR (proton nuclear mag-
netic resonance) for O-acetylation.

Participants were to be excluded from study enrolment if they
had received any meningococcal vaccine, had a history of
meningococcal disease or had contact, within 60 days of enrol-
ment, with an individual with meningococcal disease. Other exclu-
sion criteria included immune system disorders resulting from any
cause or immune-mediated disease, known adverse reactions to
vaccine components, receipt of immunoglobulins or blood prod-
ucts within 180 days before enrolment, receipt of a long-acting
immune-modifying drug at any time during the study, receipt of
an investigational product within 30 days before enrolment,
receipt of any other vaccine within 7 days (inactivated vaccines)
or 14 days (live vaccines) before enrolment or planned receipt of
any vaccine within 28 days of study vaccine administration, and
any acute or chronic condition that could interfere with the results
of the study. Pregnant or breastfeeding women were excluded
from enrolment, and women of child-bearing potential had to
commit to using birth control measures from 30 days before vacci-
nation until 1 month after vaccination.
2.4. Serological analyses

Two blood samples of 20 mL each were collected before and
approximately 1 month after vaccination (Days 1 and 29). The
induction of bactericidal antibodies directed against N. meningitidis
serogroups A, C, W and Y was determined by a validated hSBA
(MenACWY agar-overlay hSBA). Titres were expressed as the recip-
rocal of the dilution resulting in 50% inhibition. The hSBA clinical
testing was performed by GSK, Clinical Laboratory Sciences, Wavre,
Belgium.
6630
2.5. Safety analyses

Participants were observed at the study centres for 30 min after
vaccination for immediate reactions. Solicited local (erythema,
induration and pain at the injection site) and systemic (arthralgia,
chills, fatigue, headache, loss of appetite, myalgia and nausea)
adverse events (AEs) and body temperature were to be reported
by participants on electronic diaries for 7 days following vaccina-
tion. The severity of solicited AEs was classified as mild, moderate
(interfering with normal activity or, for loss of appetite, eating less
than usual, or for erythema and induration, >50 mm to �100 mm
diameter) or severe (preventing normal activity or, for loss of appe-
tite, not eating at all, or for erythema and induration, >100 mm
diameter). Fever was defined as body temperature �38 �C.

Unsolicited AEs reported within 30 min after vaccination and
during the 29-day post-vaccination period were recorded. Serious
AEs (SAEs), medically-attended AEs and AEs leading to withdrawal
were reported over the entire study period of 6 months and the
causal relationship of AEs to vaccination was assessed by study
investigators.
2.6. Statistical analysis

With 437 evaluable participants in each study group, there was
90% power to reject the null hypothesis that the between-group
ratio of hSBA GMTs against MenA for the MenACWY liquid group
to the MenACWY licensed group was �0.5 (given an underlying
ratio of 0.8 and assuming a common standard deviation on log
scale of 0.929). Anticipating a dropout rate of 10%, enrolment of
approximately 972 participants (486 per group) was planned.

The primary immunogenicity analyses were conducted on the
per-protocol population for immunogenicity (per-protocol set),
defined as all participants who received study vaccination cor-
rectly, had no major protocol deviations and who had assay results
available for at least one serogroup at the appropriate time points.
Non-inferiority of the investigational vaccine to the licensed vac-
cine was to be concluded if the lower limit of the two-sided 95%
confidence interval (CI) for the between-groups ratio of adjusted
hSBA GMTs against MenA was greater than 0.5 (non-inferiority
margin) 1 month post-vaccination.

GMTs were adjusted using an analysis of covariance model with
pre-vaccination titre as covariate and group and country as factors.

Analysis of all secondary immunogenicity objectives were not
associated to formal statistical objectives, and aimed to provide a
comprehensive picture of the immune responses. For each ser-
ogroup, percentages of participants with a four-fold increase in
post-vaccination hSBA titre and percentage of participants with
hSBA titre �8 and associated two-sided 95% Clopper-Pearson CIs
[11] were analysed. Differences in percentages between groups
were calculated using the method of Miettinen and Nurminen
[12]. The four-fold increase in hSBA titre post-vaccination was
defined as: i) four times the limit of detection (LOD) or LLOQ
(whichever was greater) for individuals with pre-vaccination titres
below the LOD, ii) four times the LLOQ for individuals with pre-
vaccination titres between LOD and LLOQ (inclusive), or iii) four
times the pre-vaccination titre for individuals with pre-
vaccination titres greater than LLOQ. The LOD was 4 for each ser-
ogroup and the LLOQ was 5 for serogroup A, 6 for serogroup C, 7
for serogroup W and 6 for serogroup Y.

All participants who received study vaccination and provided
safety data were included in the safety analyses, which were
descriptive.

Statistical analyses were performed using SAS Life Science Ana-
lytics Framework version 9.4 (SAS Institute Inc., Cary, NC, USA).

https://www.clinicaltrials.gov/ct2/show/results/NCT03652610
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3. Results

3.1. Study population

Of the 983 healthy adults enrolled and randomised, 979 were
vaccinated: 490 received the investigational liquid vaccine and
489 received the licensed vaccine. The study was completed by
487 and 484 participants, respectively; of those randomised, four
withdrew, one was lost to follow-up and one was withdrawn for
other reason in the MenACWY liquid group and six withdrew in
the MenACWY licensed group. A total of 938 participants were
included in the per-protocol set for immunogenicity analyses
(Fig. 1). Overall, demographic characteristics were similar between
the groups (Fig. 2).
3.2. Immunogenicity

At 1 month post-vaccination, MenA hSBA adjusted GMTs were
185.16 in the MenACWY liquid group and 211.33 in the MenACWY
licensed group (Table 1). The ratio of GMTs against MenA between
the liquid presentation and licensed vaccine groups was 0.88, with
0.64 as lower limit of the two-sided 95% CI, greater than the non-
inferiority margin of 0.5, thus fulfilling the primary immunogenic-
ity objective.

Adjusted hSBA GMTs against serogroups C, W and Y post-
vaccination were similar between the two vaccine groups and ran-
ged between 62.83 (serogroup Y) and 161.54 (serogroup C) in
MenACWY liquid group, and between 51.57 (serogroup W) and
135.78 (serogroup C) in MenACWY licensed group. Point estimates
for the between-group ratios of GMTs were above 1 for all three
serogroups: 1.19 for serogroups C and Y, and 1.23 for serogroup
W (Table 1).

Non-inferiority criteria for serogroups C, W and Y were not
defined in the study protocol. However, by applying the same
Fig. 1. Participant disp
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non-inferiority limit as used for MenA, non-inferiority would be
demonstrated for these serogroups also, as the lower limit of the
two-sided 95% CI for the between-group ratios of GMTs were
0.84, 0.96 and 0.90 for MenC, MenW and MenY, respectively, all
greater than 0.5 (Table 1).

Percentages of participants with hSBA titre �8 at baseline var-
ied according to serogroup, being lowest for MenA (8.7% for
MenACWY liquid and 11.2% for MenACWY licensed) and highest
for MenC (53.8% and 54.4%) and MenW (39.8% and 45.7%). For
MenY, 22.7% (MenACWY liquid) and 25.5% (MenACWY licensed)
of participants had hSBA titre �8 at baseline. One month post-
vaccination, percentages of participants with hSBA titre �8 ranged
between 73.3% (MenW) and 82.8% (MenA) in the MenACWY liquid
group and between 73.1% (MenW) and 86.4% (MenA) in the
MenACWY licensed group (Fig. 3).

A four-fold increase in GMTs compared to baseline was
observed in 44.7% (MenW) to 79.8% (MenA) of participants in the
MenACWY liquid group and 40.2% (MenW) to 83.7% (MenA) of
the MenACWY licensed group (Fig. 3).
3.3. Reactogenicity and safety

The percentage of participants reporting at least one solicited
local AE was 41.7% in the MenACWY liquid group and 38.2% in
the MenACWY licensed group, with pain at injection site being
the most frequently reported (Fig. 4), and severe pain reported only
by two (0.4%) participants in both groups. The percentage report-
ing at least one systemic AE was 48.5% and 49.9%, in the two
groups, respectively; the most commonly reported solicited sys-
temic AEs were fatigue and headache in 159 (32.5%) and 158
(32.3%) participants in the MenACWY liquid group and 159
(32.6%) and 165 (33.9%) participants in the MenACWY licensed
group (Fig. 4). Solicited local and systemic AEs were generally mild
to moderate in intensity; few participants reported severe solicited
osition flowchart.



Fig. 2. Demographic characteristics of participants who received the investigational MenACWY-CRM fully liquid vaccine or licensed MenACWY-CRM vaccine. * One
participant in MenACWY liquid group was aged 44 years at enrolment and was excluded from the per-protocol immunogenicity analysis. MenACWY, quadrivalent
meningococcal conjugate vaccine; N, number of participants.

Table 1
Adjusted hSBA geometric mean titres (GMTs) 1 month post-vaccination and their between-group ratios.

Serogroup MenACWY liquid group MenACWY licensed group GMT ratio, MenACWY liquid: MenACWY licensed (95% CI)

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

A 386 185.16 (147.90–231.81) 404 211.33 (169.61–263.32) 0.88 (0.64–1.20)
C 437 161.54 (126.34–206.55) 441 135.78 (106.39–173.29) 1.19 (0.84–1.68)
W 445 63.40 (52.97–75.88) 443 51.57 (43.07–61.74) 1.23 (0.96–1.58)
Y 452 62.83 (51.39–76.81) 455 52.59 (43.05–64.25) 1.19 (0.90–1.58)

CI, confidence interval; GMT, geometric mean titre; MenACWY, quadrivalent meningococcal glycoconjugate vaccine; N, number of participants who received vaccination and
had assay results available.
MenACWY liquid group received the investigational MenACWY-CRM fully liquid vaccine and MenACWY licensed group received the licensed MenACWY-CRM vaccine (per-
protocol population for immunogenicity).
In bold: Lower limit of two-sided 95% CI > non-inferiority margin of 0.5, thus fulfilling primary immunogenicity study objective.
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AEs (Fig. 4). Fever (body temperature �38 �C) was reported by
seven (1.4%) participants in the MenACWY liquid group and 10
(2.1%) in the MenACWY licensed group. There were no reports of
fever �40 �C.

Percentages of participants reporting unsolicited AEs within
1 month or 6 months after vaccination were similar between the
two study groups (Fig. 5). The most frequently reported unsolicited
AEs in the 29-day post-vaccination period were nasopharyngitis
(2.2% in MenACWY liquid group and 2.0% in MenACWY licensed
group), upper respiratory tract infection (2.0% and 1.2%, respec-
tively) and headache (1.8% and 2.9%, respectively). In the 29-day
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post-vaccination period, the most frequent unsolicited AEs consid-
ered related to vaccination in the MenACWY liquid group were
injection site pain (reported by four participants, 0.8%), injection
site erythema, dizziness and headache (three participants, 0.6%,
each). The most frequently reported unsolicited AEs considered
related to vaccination in the MenACWY licensed group were injec-
tion site erythema and headache (four participants, 0.8%, each).

Over the entire study period of 6 months, a similar percentage
of participants in both groups reported a medically-attended unso-
licited AE during the study (Fig. 5). Seven SAEs were reported by six
participants in the MenACWY liquid group: incomplete sponta-



Fig. 3. Percentages of participants (with 95% confidence intervals) with human serum bactericidal assay (hSBA) titre �8 at 1 month post-vaccination and four-fold increase in
hSBA titre from baseline to 1 month post-vaccination against serogroups A, C, W and Y (per-protocol population for immunogenicity). MenACWY, quadrivalent
meningococcal glycoconjugate vaccine. Number of participants with data available on hSBA titre �8: 406, 443, 454 and 460 for serogroups A, C, W and Y, respectively, for
MenACWY liquid group, and 428, 446, 457 and 463, respectively, for MenACWY licensed group. Number of participants with data available on four-fold increase in hSBA titre:
386, 437, 445 and 452 for serogroups A, C, W and Y, respectively, for MenACWY liquid group, and 404, 441, 443 and 455, respectively, for MenACWY licensed group.
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neous abortion, spontaneous abortion, dengue fever, migraine,
attempted suicide, and (in a single participant) ruptured ovarian
cyst and pleural effusion. There were nine SAEs reported by nine
participants in the MenACWY licensed group: atrial flutter, hyper-
thyroidism, hernia, biliary colic, dengue fever, jaw fracture, wrist
fracture, uterine cancer and ectopic pregnancy. None of the SAEs
were assessed as related to vaccination. No participant was with-
drawn from the study due to an AE and no deaths were reported.
4. Discussion

A fully liquid presentation of MenACWY-CRM vaccine, which
does not require reconstitution before injection, has been devel-
oped to simplify vaccine administration. In this study of the liquid
vaccine, we examined if changes in FS and O-acetylation content
had an impact on the immunogenicity of the MenA component,
the vaccine constituent modified from lyophilised to liquid in the
investigational presentation. The fully liquid MenACWY-CRM vac-
cine was aged artificially under controlled conditions (storage at
22.5 �C for around 2 months) to achieve approximately 30% MenA
FS and reduced O-acetylation (approximately 40% O-acetylation
level of the MenA moiety). The aim was to demonstrate that, even
when tested under stress conditions of MenA degradation, the fully
liquid vaccine was as immunogenic as the licensed vaccine presen-
tation that had not been aged.

The study was successful in demonstrating non-inferiority of
immune responses of the liquid versus licensed vaccine against
MenA, as measured by between-group ratio and adjusted 95% CI.
Also, the immunogenicity of the improved vaccine presentation
against serogroups C, W and Y was similar to that of the licensed
vaccine. Point estimates for the between-group GMT ratios were
above 1 for all three serogroups and, although not formally
planned, when the same non-inferiority limit as used for MenA
was applied, non-inferiority would also be met for serogroups C,
W and Y.
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These results in healthy adults confirm prior clinical results
generated with a different MenACWY-tetanus toxoid conjugate
vaccine with different degrees of MenA degradation (de-O-
acetylation) [10]. This provides evidence that, despite findings
from pre-clinical models showing O-acetylation is essential to
the immunogenic epitopes of the MenA polysaccharide [9], O-
acetylation of MenA up to the levels achieved in our study
(�40%) and MenA FS percentages of approximately 30% do not
have a significant impact on the vaccine’s ability to induce bacteri-
cidal immune responses in adults.

The immunogenicity of MenACWY-CRM in both groups was
consistent with reports from previous Menveo studies, which
showed the induction of robust immune responses when adminis-
tered in healthy adults [5]. Notably, for both MenACWY liquid and
licensed, hSBA GMTs against MenA 1 month post-vaccination were
much higher than those reported in previous clinical trials [13,14].
In a study conducted in the US, the GMTs against MenA were 31
[14], while in another study conducted in Argentina and Colombia,
the GMTs were 77 [13] 1 month after vaccination. This is likely to
be due to differences in the validated serological assay adopted in
previous Menveo studies. In the present clinical trial, the hSBA was
an agar-overlay assay with a higher throughput than the
previously-used manual tilt hSBA used to support Menveo licen-
sure. Moreover, the hSBA in the present trial included a different
MenA indicator strain (3125) [15]. This strain was selected instead
of the former F8238 MenA antigen to optimise the hSBA and allow
the detection of bactericidal antibodies against most invasive
MenA strains expressing the L(3,7)9 or L10 immunotype, such as
3125, rather than against a strain usually observed to be involved
in carriage, such as F8238 [15].

Between vaccine groups, the percentage of participants with
hSBA titres �8 and the percentage of those with a four-fold
increase in hSBA titres post-vaccination were similar for each ser-
ogroup. A four-fold increase was observed in 80%, 56%, 45% and
63% of participants in the MenACWY liquid group for serogroups
A, C, W and Y, respectively, with similar percentages in the



Fig. 4. Percentages of participants reporting solicited local and systemic adverse events within 7 days of vaccination (solicited safety population). MenACWY, quadrivalent
meningococcal glycoconjugate vaccine; N, number of participants. Severe defined as preventing normal activity or, for loss of appetite, not eating at all.
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MenACWY licensed group. Interpretation of these values needs to
take into account the relatively high percentages of adults with
hSBA titre �8 before vaccination for serogroups C, W and Y: 54%,
40% and 23% in the MenACWY liquid group and comparable per-
centages (54%, 46% and 26%) in the licensed vaccine group. Consid-
ering the exclusion criterion related to prior meningococcal
vaccination, this is likely to be due, at least in part, to natural expo-
sure; it is known that serogroups C, W and Y have caused a large
proportion of IMD outbreaks in the regions involved in this study
(Europe, North America and Australasia) in recent years [3].

The reactogenicity and safety profile of the liquid presentation
was similar to that of the licensed vaccine and both presentations
were well tolerated, consistent with the safety data reported in
other trials of the licensed MenACWY-CRM vaccine in adults
[5,13,14]. No SAEs related to vaccination were reported during
the 6-month follow-up period and there were no withdrawals
due to an AE.

Interpretation of the overall results of this study is partly lim-
ited by the fact that non-inferiority was not planned to be formally
assessed for serogroups C, W and Y. However, these serogroup
components of the investigational presentation were identical to
those of the licensed vaccine and the descriptive analyses indicate
similar immunogenicity results for all serogroups in both groups,
irrespective of the vaccine presentation.
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5. Conclusion

When comparing an improved fully liquid MenACWY-CRM vac-
cine presentation with the currently licensed presentation (lyophi-
lised MenA reconstituted with liquid MenCWY), the
immunogenicity of the new presentation was non-inferior for the
modified component (MenA) and similar for the unmodified com-
ponents (serogroups C, W, Y). These results were obtained with a
liquid vaccine that was aged artificially under controlled condi-
tions to include approximately 30% MenA FS and 40% MenA
O-acetylation, in order to establish vaccine release (and shelf-life)
specifications. The clinical tolerability and safety profile of the
two presentations was similar and no safety concerns arose with
administration of the improved vaccine presentation. The single
vial fully liquid MenACWY-CRM vaccine, once licensed, will offer
a more convenient presentation of the quadrivalent CRM-
conjugated meningococcal vaccine, to further support the public
health attempt in preventing IMD due to N. meningitidis serogroups
A, C, W and Y.
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