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Immunogenicity, Reactogenicity, and Safety of a
Pentavalent Meningococcal ABCWY Vaccine in
Adolescents and Young Adults Who Had Previously
Received a Meningococcal ACWY Vaccine: A Phase 3,
Randomized Controlled Clinical Study
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Background. A MenABCWY vaccine containing 4CMenB and MenACWY-CRM vaccine components has been developed to
protect against the 5 meningococcal serogroups that cause most invasive disease cases.

Methods. In this phase 3 study, healthy participants aged 15-25 years, who had received MenACWY vaccination >4 years
previously, were randomized (1:1) to receive 2 MenABCWY doses 6 months apart or 1 MenACWY-CRM dose. Primary
objectives were to demonstrate the noninferiority of MenABCWY 1 month postvaccination versus MenACWY-CRM, with a
lower limit of 2-sided 95% confidence interval above —10% for group differences in 4-fold rise in human serum bactericidal
antibody (hSBA) titers against serogroups ACWY, and to evaluate reactogenicity and safety. Secondary endpoints included
percentages of participants with hSBA titers greater than or equal to the lower limit of quantitation (>LLOQ) against
serogroups ACWY and vaccine antigen-specific serogroup B (MenB) indicator strains.

Results. Noninferiority of MenABCWY versus MenACWY-CRM was demonstrated following each MenABCWY dose.
Percentages of participants with hSBA titers >LLOQ for serogroups ACWY were 97.9%-98.9% and 99.5%-100% following 1
and 2 MenABCWY doses, respectively, and 96.8%-99.0% following 1 MenACWY-CRM dose. After 2 MenABCWY doses,
75.6%-96.3% of participants had hSBA titers >LLOQ against MenB indicator strains. The MenABCWY vaccine was well
tolerated in MenACWY-primed individuals, with a favorable safety profile.

Conclusions. Immune responses against serogroups ACWY following 1 and 2 doses of investigational MenABCWY vaccine are
noninferior to those following MenACWY-CRM in MenACWY-primed adolescents and young adults. Robust immune responses
were observed against MenB indicator strains after 2 MenABCWY doses administered 6 months apart.

Clinical Trials Registration. NCT04707391.
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Invasive meningococcal disease (IMD) is a life-threatening disease
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highest in young children, adolescents and young adults, and older
adults [3, 4]. Vaccines are available against the 5 serogroups that
cause most IMD cases [5]: quadrivalent vaccines that target the
polysaccharide capsule of meningococcal serogroups A, C, W,
and Y (MenACWY) and monovalent protein-based vaccines
against meningococcal serogroup B (MenB). Additionally, a pen-
tavalent MenABCWY vaccine (Penbraya, Pfizer) was licensed
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recently [6] and GSK’s MenABCWY vaccine [7] is under review
by the United States (US) Food and Drug Administration.

In the US, MenACWY vaccination is recommended at age 11
or 12 years with a booster dose 5 years later because of antibody
waning [8]. This booster dose is critical for maintaining protec-
tion during late adolescence and early adulthood [9], but boos-
ter dose coverage is suboptimal, with only 61% of 17-year-olds
vaccinated with 2 or more doses in 2022 [10]. In most other
countries, at least 1 dose is recommended between the ages
of 11 and 25 years [11]. Few countries routinely vaccinate ado-
lescents and young adults against MenB despite the increased
risk of MenB disease in that age group [11]. MenB vaccination
(or vaccination with licensed MenABCWY vaccine when
MenACWY and MenB are indicated at the same visit) is rec-
ommended in the US for individuals aged 16-23 years based
on shared clinical decision making [8, 12]. In Europe and other
regions, the 4-component MenB vaccine, 4CMenB (Bexsero,
GSK)), is licensed for those aged 2 months or older [13] and bi-
valent MenB-FHbp vaccine (Trumenba, Pfizer) for individuals
from 10 years old [14]. 4CMenB is included in various national/
regional childhood immunization programs in Europe, South
America, and Oceania, with several also including 4CMenB
in the adolescent immunization program [15].

GSK’s MenABCWY vaccine is a combination of MenACWY
CRM, g7-glycoconjugate vaccine (MenACWY-CRM; Menveo,
GSK) [16] and 4CMenB, containing antigenic components
Neisseria adhesin A (NadA), neisserial heparin-binding antigen
(NHBA), factor H binding protein (fHbp), and outer membrane
vesicle proteins, including Porin A (PorA) [7, 13, 17]. The safety
and effectiveness of MenACWY-CRM and 4CMenB are con-
firmed by real-world data from >10 years of use [15, 18].
Phase 2 studies of the MenABCWY vaccine demonstrated its
immunogenicity and clinically acceptable safety profile in ado-
lescents and young adults [19-26]. A phase 3 study in healthy
individuals aged 10-25 years demonstrated noninferiority ver-
sus the licensed parent vaccines and breadth of immune re-
sponse against a diverse invasive 110 MenB strain panel [27].

The present phase 3 clinical study was conducted in healthy
adolescents and young adults primed with a MenACWY vac-
cine, with the primary objective of demonstrating the noninfer-
iority of immune responses induced by MenABCWY, when
administered as a booster (for the MenACWY component),
to those induced by MenACWY-CRM. The reactogenicity
and safety of both vaccines was also assessed.

METHODS

Study Design and Participants

This phase 3, randomized, controlled, observer-blind study
(ClinicalTrials.gov identifier NCT04707391) was conducted
between January 2021 and May 2023 at 65 centers in 4 coun-
tries (Argentina, Australia, Canada, and US) in accordance

with the Declaration of Helsinki and Good Clinical Practice,
and with the approval of appropriate ethics committees.
Written informed consent, and assent for participants aged
<18 years, was provided before enrollment by participants or
their parents or legally acceptable representatives.

Healthy adolescents and young adults aged 15-25 years with
no history of meningococcal disease, who had received a single
dose of any licensed MenACWY vaccine >4 years before en-
rollment, were recruited. Previous vaccination with >1
MenACWY dose or with a MenB vaccine was not allowed.
All inclusion/exclusion criteria for participation are listed in
the study protocol (available at https:/www.gsk-studyregister.
com/en/; study identifier: 213171).

Participants were randomized (1:1 ratio) to receive 2 doses of
the investigational MenABCWY vaccine at 0 and 6 months
(MenABCWY group) or 1 MenACWY-CRM dose at month
0 (MenACWY group). Two doses of 4CMenB were adminis-
tered to the MenACWY group at months 6 and 7. The
MenABCWY group received a placebo injection (0.9% saline
solution) at month 7. Vaccine preparation and injection meth-
ods are described in the Supplementary Material.

Allocation to study group at each site was conducted via a
central randomization system using a minimization procedure
accounting for country. There were 4 study visits and regular
safety follow-up through telephone calls to each participant,
with the final call 12 months after the first vaccine dose.

The study was observer blinded; that is, participants, investi-
gators, and teams responsible for assessing study endpoints
were unaware of which vaccine was administered, and vaccines
were prepared and administered by qualified healthcare profes-
sionals who did not participate in data management or review.
The study laboratory was blinded to treatment, subject, and vis-
it number.

Primary study objectives were to demonstrate the noninfer-
iority of immune responses against serogroups A, C, W, and Y
1 month after the first and the second MenABCWY dose com-
pared to 1 dose of MenACWY-CRM, and to evaluate the safety
and reactogenicity of both vaccines. Other immunogenicity
endpoints against serogroups A, C, W, and Y, and against the
MenB component of the MenABCWY vaccine, were evaluated
as secondary objectives. All primary and secondary study end-
points are described in the Supplementary Material.

Serological Analyses

Blood samples were collected at the first visit (baseline) and
postvaccination at months 1 and 7. Immunogenicity of the
MenACWY component of MenABCWY and MenACWY-CRM
was evaluated by human serum bactericidal antibody (hSBA) as-
say against serogroups A, C, W, and Y. Immunogenicity of the
MenB component of MenABCWY vaccine was assessed by
hSBA assay against 4 indicator strains, each expressing 1 of the
4 vaccine antigens (fHbp, NadA, NHBA, or PorA) on its surface
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[28]. Immunogenicity endpoints included percentages of partici-
pants with 4-fold rises in hSBA titer and hSBA titers greater
than or equal to the lower limit of quantitation (>LLOQ; see
Supplementary Material), and hSBA geometric mean titers
(GMTs).

Reactogenicity and Safety

Participants were observed for >30 minutes after each vac-
cine dose for immediate adverse events (AEs). Solicited ad-
ministration site (injection site pain, erythema, swelling,
induration) and systemic (fever, nausea, fatigue, myalgia, ar-
thralgia, headache) AEs were reported by participants on
electronic diaries for 7 days following vaccination at months
0 and 6. Solicited AEs were classified as mild, moderate, or se-
vere, with severe defined as preventing normal activity, apart
from severe erythema, swelling, and induration, which were
defined as diameter >100 mm. Fever was defined as body
temperature >38.0°C and severe fever as body temperature
>40.0°C.

Unsolicited AEs were recorded during the 30-day periods af-
ter vaccination at months 0 and 6. Serious AEs (SAEs), medi-
cally attended AEs, AEs leading to withdrawal, and AEs of
special interest (AESIs) [29] were recorded over the 12-month
study period. Causal relationship to vaccination was assessed
by study investigators.

Statistical Analysis

The sample size was based on results from a phase 2 MenABCWY
booster study [24] (see Supplementary Material and study proto-
col). Estimating a 10% dropout, planned enrollment was 270 par-
ticipants per group to provide 99% power and demonstrate
noninferior immune responses against serogroups A, C, W, and
Y following 2 MenABCWY doses versus 1 MenACWY-CRM
dose, and 603 participants per group to provide 91% power and
demonstrate noninferiority of 1 MenABCWY dose versus
1 MenACWY-CRM dose. Participants who withdrew or were
lost to follow-up, and missing/nonevaluable measurements,
were not replaced.

The 2 primary immunogenicity objectives were tested se-
quentially, with full alpha propagation, in the per-protocol set
(participants who received >1 vaccine dose and had postvacci-
nation immunogenicity data and no major protocol deviations).
Noninferiority was demonstrated at each step if the lower limit
of the 2-sided 95% confidence interval (CI) for the difference be-
tween the MenABCWY group and MenACWY group in per-
centages of participants with the seroresponse of 4-fold rise in
hSBA titers 1 month postvaccination was above —10% for
each serogroup (A, C, W, and Y). If noninferiority was demon-
strated with the second MenABCWY dose, the second primary
immunogenicity objective was tested, that is, demonstration of
noninferiority after 1 MenABCWY dose versus the single
MenACWY-CRM dose.

All participants who received study vaccination (dose 1 and
dose 2) and provided safety data were included in the descriptive
safety analyses. For the secondary immunogenicity objectives,
the full analysis set (participants who received >1 vaccine
dose and had postvaccination immunogenicity data) was ana-
lyzed, with 2-sided 95% Clopper-Pearson CIs [30].

Statistical analyses were performed using SAS version 9.4
software (SAS Institute Inc).

RESULTS

Participants

A total of 1250 participants were enrolled and randomly allo-
cated to receive MenABCWY (n=626) or MenACWY-CRM
(n=624) (Figure 1). Of 1247 participants who received
>1 study vaccine dose, 1083 completed the study; 164
(13.2%) withdrew prematurely, most frequently because of
loss to follow-up (75 participants [6.0%]) and withdrawal by
participant (52 participants [4.2%]) (Figure 1). A total of
1208 participants were included in the full analysis set and, in
the per-protocol set, 275 participants in the MenABCWY
group were included in the first primary immunogenicity anal-
ysis (post-dose 2) and 577 in the second primary immunoge-
nicity analysis (post-dose 1), and 553 were included in the
MenACWY group immunogenicity analyses (Figure 1).

The baseline characteristics of randomized participants were
balanced between groups (Table 1). Overall, 731 participants
(58.5%) were from the US, 238 (19.0%) from Australia, 232
(18.6%) from Argentina, and 49 (3.9%) from Canada.

Immunogenicity

Noninferiority of 2 MenABCWY doses administered 6 months
apart versus the single MenACWY-CRM dose was demonstrat-
ed by hSBA assay, with lower limits of 2-sided 95% Cls for the
group differences in 4-fold rise in hSBA titers above the prede-
fined criterion, —10%, against serogroups A, C, W, and Y
(Table 2). Noninferiority of 1 MenABCWY dose was also dem-
onstrated (Table 2).

Baseline percentages of participants with hSBA titers
>LLOQ were lowest for serogroup A (27.7% in MenABCWY
group, 28.8% in MenACWY group) and highest for serogroup
C (57.7% and 56.2%, respectively) (Table 3). One month post-
vaccination, percentages for serogroups A, C, W, and Y were
99.5%-100% following 2 MenABCWY doses, 97.9%-98.9% fol-
lowing 1 MenABCWY dose, and 96.8%-99.0% following
1 MenACWY-CRM dose (Table 3).

For the MenB component of the MenABCWY vaccine, per-
centages of participants with hSBA titers >LLOQ against fHbp,
NadA, NHBA, and PorA indicator strains were, at baseline,
8.7%, 7.7%, 20.2%, and 2.7%, respectively, and after
2 MenABCWY doses, 88.5%, 95.8%, 96.3%, and 75.6%, respec-
tively (Table 4). Percentages of participants with 4-fold rises in
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analysis = - 79 discontinued study:
(post-dose 2) s 31 lost to follow-up
ost to follow-up

27 withdrawal by participant

8 moved from study area

3 AE requiring expedited reporting
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25 withdrawal by participant

8 moved from study area

3 AE requiring expedited reporting
3 non-serious unsolicited AE

2 solicited AE

Figure 1.

1 solicited AE 5 protocol deviation
541 1 protocol deviation 542 2 other
completed completed
study study

Profile of study participants randomized to the MenABCWY and MenACWY groups. Abbreviations: AE, adverse event; FAS, full analysis set; MenABCWY group,

received meningococcal serogroups ABCWY vaccine at each injection; MenACWY group, received meningococcal serogroups ACWY CRM;g;-glycoconjugate vaccine at in-

jection 1, 4CMenB at injection 2; PPS, per-protocol set.

hSBA titers were 11.6%, 49.7%, 20.4%, and 14.4%, respectively,
after 1 MenABCWY dose and 68.1%, 90.1%, 64.6%, and 45.7%,
respectively, after 2 doses (Table 4). Postvaccination antibody
GMTs and baseline/postvaccination GMT ratios showed that
robust immune responses were induced by each vaccine dose
against serogroups A, C, W, and Y (Supplementary Table 1)
and by 2 MenABCWY doses against each MenB indicator
strain (Supplementary Table 2).

Safety

In the MenABCWY group, solicited AEs were reported by
84.5% (95% CI: 81.4%-87.3%) of participants after the first
dose and 70.9% (95% CI: 67.0%-74.6%) after the second
dose. In the MenACWY group, solicited AEs were reported
by 59.9% (95% CI: 55.9%-63.8%) of participants after
MenACWY-CRM at month 0 and 76.7% (95% CI: 73.0%-
80.1%) after 4CMenB at month 6. Overall percentages of

participants reporting solicited administration site or systemic
AEs were similar between groups after each vaccine dose, apart
from the percentage reporting administration site AEs after the
first dose, which was lower following MenACWY-CRM (31.7%
[95% CI: 28.1%-35.5%]) than following MenABCWY (78.0%
[95% CI: 74.5%-81.1%]) (Supplementary Table 3).

After each MenABCWY dose and after MenACWY-CRM
(MenACWY group, dose 1 only), injection site pain was the
most commonly reported solicited administration site AE,
while fatigue and headache were the most commonly reported
solicited systemic AEs (Figure 2). Most solicited AEs were mild
to moderate in intensity, with severe administration site events
reported in <1.5% of participants across study groups, apart
from severe pain at the MenABCWY injection site, which
was reported by 3.1% and 3.0% of participants after the first
and second MenABCWY dose, respectively (Figure 2). Severe
systemic AEs were reported by <2.4% of participants after
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Table 1.

Demographic Characteristics of Enrolled Participants Randomized to the MenABCWY Group and MenACWY Group

Characteristic

MenABCWY Group (n = 626)

MenACWY Group (n =624)

Age, y, mean (SD) 17.2 (2.5) 17.2 (2.6)
Age group, No. (%)
15-17y 450 (71.9) 441 (70.7)
18-25y 176 (28.1) 180 (28.8)
Sex, No. (%)
Male 283 (45.2) 299 (47.9)
Female 343 (54.8) 325 (52.1)
Race, No. (%)
White 474 (75.7) 467 (74.8)
Black or African American 94 (15.0) 86 (13.8)
Asian 22 (3.5) 33(56.3)
Other 36 (5.8) 38 (6.1)

Abbreviations: MenABCWY group, received 2 doses of meningococcal serogroups ABCWY vaccine at study months 0 and 6; MenACWY group, received meningococcal serogroups ACWY

CRM,97-glycoconjugate vaccine at month 0; SD, standard deviation; y, years.

Table 2. Percentages of Participants With 4-Fold Rise From Baseline in Human Serum Bactericidal Antibody Titers Against Meningococcal Serogroups
A, C, W, and Y, 1 Month After 1 (Month 1) or 2 (Month 7) MenABCWY Doses and 1 Month After 1 MenACWY-CRM Dose (Month 1) (Per-Protocol Set)

Percentages of Participants With 4-Fold Rise in hSBA Titers®

MenABCWY Group

MenACWY Group

Serogroup Difference®
Timepoint No. of Participants % (95% ClI) No. of Participants % (95% CI) % (95% Cl)
Serogroup A
Month 1 509 92.5 (89.9-94.7) 505 95.0 (92.8-96.8) -2.5(-5.6t0 .5)
Month 7 169 95.3 (90.9-97.9) 0.2 (-4.4 10 3.5)
Serogroup C
Month 1 570 94.0 (91.8-95.8) 546 94.0 (91.6-95.8) 0.1(-2.8t02.9)
Month 7 181 94.5 (90.1-97.3) 0.5 (-4.1t0 4.0)
Serogroup W
Month 1 565 94.3 (92.1-96.1) 544 93.9 (91.6-95.8) 0.4 (-2.4t0 3.3)
Month 7 181 95.6 (91.5-98.1) 1.6 (-2.7t04.9)
Serogroup Y
Month 1 567 93.7 (91.3-95.5) 537 94.4 (92.1-96.2) -0.8(-3.6t0 2.1)
Month 7 180 95.0 (90.7-97.7) 0.6 (-3.9t03.9)

Abbreviations: Cl, confidence interval; hNSBA, human serum bactericidal antibody; MenABCWY group, received 2 doses of meningococcal serogroups ABCWY vaccine at study months 0 and
6; MenACWY group, received meningococcal serogroups ACWY CRM;g7-glycoconjugate vaccine at month 0.

“Defined as postvaccination hSBA titer >16 when prevaccination hSBA titer <4; postvaccination hSBA titer >4 times the lower limit of quantitation (LLOQ) when prevaccination hSBA titer
>limit of detection (LOD) but <LLOQ; postvaccination hSBA titer >4 times prevaccination titer when prevaccination hSBA titer >LLOQ. LOD 4 for serogroups A, C, W, and Y; LLOQ 12, 8, 8, and
10, respectively. Minor changes to the limits requested by the Center for Biologics Evaluation and Research (US Food and Drug Administration) had no clinically relevant impact on the results.

“Difference between MenABCWY group (month 1 or 7) and MenACWY group (month 1).

each MenABCWY dose and MenACWY-CRM (Figure 2). Severe
fever was reported by 1 participant in each group after the first
dose, 2 participants in the MenABCWY group after the second
dose, and 1 participant in the MenACWY group after 4CMenB
administration. The mean duration of solicited AEs was
<4 days (data not shown) and no increase in reporting frequency
was observed following the second MenABCWY dose (Figure 2).

During the 30-day follow-up period after vaccination, 24.0% of
participants in the MenABCWY group and 24.2% in the
MenACWY group reported >1 unsolicited AEs (Supplementary
Table 4). During the entire study, AEs considered by the study in-
vestigators to be at least possibly related to vaccination were re-
ported by no more than 2 participants in each group, apart

from injection site pain, which was reported by 4 participants in
the MenACWY group after 4CMenB administration.

During the study, SAEs were reported in 18 participants
(2.9%) in the MenABCWY group and 7 (1.1%) in the
MenACWY group, none of which were assessed by the investi-
gator as causally related to vaccination (Supplementary
Table 4). Percentages of participants reporting a medically at-
tended unsolicited AE were 35.6% in the MenABCWY group
and 33.2% in the
Table 4). The most frequently reported medically attended

MenACWY group (Supplementary

AEs were coronavirus disease 2019 (2.6% and 2.9%, respective-
ly), influenza (1.8% and 1.0%), upper respiratory tract infection
(1.9% and 0.8%), urinary tract infection (1.6% and 1.1%), and
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Table 3. Percentages of Participants at Each Timepoint With Human Serum Bactericidal Antibody Titers Against Serogroups A, C, W, and Y Greater Than
or Equal to the Lower Limit of Quantitation at Baseline and 1 Month After 1 (Month 1) and 2 (Month 7) MenABCWY Doses and 1 Month (Month 1) and 6
Months (Month 7) After the Single MenACWY-CRM Dose (Full Analysis Set)

Percentage of Participants With hSBA Titers >LLOQ?

MenABCWY Group MenACWY Group
Serogroup
Timepoint No. of Participants % (95% ClI) No. of Participants % (95% CI)
Serogroup A
Baseline 546 27.7 (23.9-31.6) 549 28.8 (25.0-32.8)
Month 1 605 98.3 (97.0-99.2) 585 98.1 (96.7-99.1)
Month 7 213 99.5 (97.4-100) 585 98.1 (96.7-99.1)
Serogroup C
Baseline 601 57.7 (63.7-61.7) 584 56.2 (52.0-60.2)
Month 1 609 98.9 (97.7-99.5) 593 99.0 (97.8-99.6)
Month 7 211 100 (98.3-100) 593 99.0 (97.8-99.6)
Serogroup W
Baseline 597 36.3 (32.5-40.4) 583 33.4 (29.6-37.4)
Month 1 607 98.4 (97.0-99.2) 592 96.8 (95.0-98.1)
Month 7 212 100 (98.3-100) 592 96.8 (95.0-98.1)
Serogroup Y
Baseline 600 37.5(33.6-41.5) 576 34.9 (31.0-38.9)
Month 1 606 97.9 (96.4-98.9) 591 97.6 (96.1-98.7)
Month 7 210 100 (98.3-100) 591 97.6 (96.1-98.7)

Abbreviations: Cl, confidence interval; hSBA, human serum bactericidal antibody; LLOQ, lower limit of quantitation; MenABCWY group, received 2 doses of meningococcal serogroups
ABCWY vaccine at study months 0 and 6; MenACWY group, received meningococcal serogroups ACWY CRM,g7-glycoconjugate vaccine at month 0.

2LLOQ for serogroups A, C, W, and Y: 12, 8, 8, and 10, respectively. Minor changes to the limits requested by the Center for Biologics Evaluation and Research (US Food and Drug
Administration) had no clinically relevant impact on the results.

Table 4. Percentages of Participants in the MenABCWY Group With Human Serum Bactericidal Antibody (hSBA) Titers Greater Than or Equal to the
Lower Limit of Quantitation and With 4-Fold Rise From Baseline in hSBA Titers Against Each Meningococcal Serogroup B Indicator Strain (Full
Analysis Set)

hSBA Titers >LLOQ? 4-Fold Rise in hSBA Titers®
MenB Indicator Strain
Timepoint No. of Participants % (95% CI) No. of Participants % (95% ClI)
fHbp
Baseline 184 8.7 (6.1-13.7)
Month 1 183 37.7 (30.7-45.2) 181 11.6 (7.3-17.2)
Month 7 165 88.5 (82.6-92.9) 163 68.1 (60.4-75.2)
NadA
Baseline 183 7.7 (4.3-12.5)
Month 1 184 66.8 (59.5-73.6) 181 49.7 (42.2-57.2)
Month 7 165 95.8 (91.5-98.3) 162 90.1 (84.5-94.3)
NHBA
Baseline 183 20.2 (14.7-26.8)
Month 1 184 50.0 (42.6-57.4) 181 20.4 (14.8-27.1)
Month 7 164 96.3 (92.2-98.7) 161 64.6 (56.7-72.0)
PorA
Baseline 184 2.7 (.9-6.2)
Month 1 183 24.6 (18.5-31.5) 181 14.4 (9.6-20.3)
Month 7 164 75.6 (68.3-82.0) 162 45.7 (37.8-53.7)

Abbreviations: Cl, confidence interval; fHbp, factor H binding protein; hSBA, human serum bactericidal antibody; LLOQ, lower limit of quantitation; MenABCWY group, received 2 doses of
meningococcal serogroups ABCWY vaccine at study months 0 and 6; MenB, meningococcal serogroup B; NadA, Neisseriaadhesin A; NHBA, neisserial heparin-binding antigen; PorA, Porin A.
eLLOQ of 5, 15, 4, and 6 for fHbp, NadA, NHBA, and PorA, respectively.

Defined as postvaccination hSBA titer >16 when prevaccination hSBA titer <4; postvaccination hSBA titer >4 times LLOQ when prevaccination hSBA titer >limit of detection (LOD) but
<LLOQ; postvaccination hSBA titer >4 times prevaccination titer when prevaccination hSBA titer >LLOQ. LOD 3 for fHbp, 6 for NadA, and 4 for NHBA and PorA. Minor changes to the
limits requested by the Center for Biologics Evaluation and Research (US Food and Drug Administration) had no clinically relevant impact on the results.
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Figure 2.

Percentages of participants reporting solicited administration site and systemic adverse events within 7 days of vaccination (solicited safety set). Severe defined

as preventing normal activity; or, for erythema, swelling, and induration, diameter >100 mm; or, for fever, body temperature >40.0°C. Abbreviations: AEs, adverse events; Cl,
confidence interval; MenABCWY group, received meningococcal serogroups ABCWY vaccine at each injection; MenACWY group, received meningococcal serogroups ACWY
CRM;g;-glycoconjugate vaccine at injection 1, 4CMenB at injection 2; N, number of participants in group.

anxiety (2.1% and 1.3%). There was 1 death in each group, both
due to suicide and assessed as not causally related to vaccina-
tion. Six participants were reported to have unsolicited AEs
leading to discontinuation or delay in study vaccination (2 par-
ticipants in MenABCWY group, 4 in MenACWY group), 1 of
which (diarrhea in MenACWY group) was assessed as causally
related to vaccination by the investigator. Four AESIs (celiac
disease, ulcerative colitis, Crohn disease, and arthritis) were re-
ported in 1 participant each in the MenACWY group. All were
preexisting chronic conditions, apart from ulcerative colitis,

which was newly diagnosed 20 days after the participant

received 4CMenB. All AESIs were assessed as nonserious and
not related to study intervention.

DISCUSSION

This phase 3 clinical study assessed the immunogenicity and
safety of a pentavalent MenABCWY vaccine that contains the
antigenic components of the licensed 4CMenB and
MenACWY-CRM vaccines when administered in a 2-dose sched-
ule (0-6 months) to healthy adolescents and young adults who
had received a MenACWY vaccine dose >4 years previously.
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A booster dose of quadrivalent conjugate vaccine is recom-
mended for adolescents in various countries to ensure
protection in an age group at higher risk of IMD [8, 11]. In
prior MenACWY-CRM studies, a booster dose administered
3-6 years after primary MenACWY vaccination induced a ro-
bust anamnestic response [18]. Similarly, in our study, admin-
istration of quadrivalent or pentavalent meningococcal vaccine
as booster dose resulted in substantial increases in antibody ti-
ters against serogroups A, C, W, and Y. Additionally, 1 and 2
doses of MenABCWY were both noninferior to the single
MenACWY-CRM dose, as assessed by the percentages of par-
ticipants with 4-fold rises in hSBA titers from baseline. The
MenB component of the MenABCWY vaccine was also dem-
onstrated to be immunogenic in this group of participants,
who had not received a MenB vaccine previously, with robust
immune responses induced against each MenB indicator strain
following 2 MenABCWY doses.

Observed anamnestic responses against serogroups A, C, W,
and Y were consistent with those seen in previous studies of
MenABCWY booster doses administered 24 or 48 months after
primary vaccination with MenABCWY or MenACWY-CRM
[21, 23, 24]. The immune responses against the 4 MenB indica-
tor strains following 2 doses of the MenABCWY vaccine are
also in line with previous reports [19, 20, 22, 23, 25, 26, 31].
In the prior phase 3 study, the same MenABCWY 0- to
6-month schedule induced bactericidal immune responses
against a panel of 110 MenB strains [27]. Using the endogenous
complement hSBA assay [32], analysis of samples with bacter-
icidal activity against the tested MenB strains showed 78%
breadth of immune response, while 84% of participants had
sera that killed >70% of tested strains [27]. The 110 MenB
strain panel is epidemiologically relevant, representing approx-
imately 95% of invasive MenB disease isolates in the US and
89% of global isolates [33].

The MenABCWY vaccine was well tolerated in MenACWY-
primed individuals with no safety concerns identified. Other stud-
ies [19, 20, 25], including the previous phase 3 study [31], showed
higher rates of injection site reactions in groups that received
MenB and MenB-containing vaccines than in MenACWY
groups, and this was also observed in the present study. As expect-
ed, reactogenicity was comparable between groups following
the second injection since 4CMenB was administered to the
MenACWY group at month 6. Injection site pain, fatigue, and
headache were the most commonly reported solicited events in
both groups. Rates of unsolicited AEs were similar between
groups, and no increase in AE reporting was observed after the
second dose of MenABCWY. Overall, MenABCWY had a clini-
cally acceptable reactogenicity and safety profile in adolescents
and young adults that was generally consistent with that of
4CMenB, as previously observed [19, 20, 25, 31].

This study has several limitations. The lack of broad racial di-
versity in the study population could reduce the generalizability

of the results to different groups, and antibody persistence was
not evaluated beyond 1 month postvaccination. Also, the re-
sults may not apply to other pentavalent MenB-containing vac-
cines or MenACWY vaccines. A strength of this study is the
consistency with results from previous phase 2 and 3 studies
of this MenABCWY vaccine [19-27, 31], which is a combina-
tion of licensed 4CMenB and MenACWY-CRM vaccines
with well-established safety and effectiveness profiles [7].

In summary, immune responses against serogroups

A, C, W, and Y following 1 and 2 doses of investigational
MenABCWY vaccine are noninferior to those following
a single MenACWY-CRM dose in healthy adolescents and
young adults who had received a MenACWY vaccine dose pre-
viously. After 2 MenABCWY doses administered 6 months
apart, robust immune responses were observed against se-
rogroups A, C, W, and Y, and against the 4 MenB indicator
strains. The MenABCWY vaccine was well tolerated, with a fa-
vorable reactogenicity and safety profile. These findings pro-
vide further supporting evidence for the development of the
MenABCWY vaccine for broad protection against IMD.
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Supplementary materials are available at Clinical Infectious Diseases online.
Consisting of data provided by the authors to benefit the reader, the posted
materials are not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corresponding
author.

Notes

Author contributions. All authors participated in study design, imple-
mentation, or analysis; the interpretation of the study; and the development
of this manuscript. All authors had full access to the data and gave final ap-
proval before submission.

Acknowledgments. The authors thank the participants, site personnel,
and investigators who took part in the study. The authors thank
Enovalife Medical Communication Service Center for editorial assistance
and manuscript coordination, on behalf of GSK. Joanne Knowles (indepen-
dent medical writer, on behalf of GSK) provided medical writing support.

Trademarks. Bexsero and Menveo are trademarks owned by or licensed
to GSK. Penbraya and Trumenba are trademarks of Pfizer.

Data availability. Please refer to the following web link to access GSK’s
data sharing policies and, as applicable, seek anonymized subject-level data
(https://www.gsk-studyregister.com/en/).

Disclaimer. GSK was involved in all stages of study conduct, including
analysis of the data. GSK also took in charge all costs associated with the
development and publication of this manuscript.

Financial support. This work was supported by GSK.

Potential conflicts of interest. T. N. reports payments to his institution
from GSK for the conduct of this study, and reports other payments
and/or memberships from GSK, Sanofi Pasteur, Dynavax, MSD,
Moderna, Iliad, CSL Segirus, AstraZeneca, Merck, Novavax, Pfizer,
Arcturus, IVI/SK Bio, Clover, Inventprise, and mRNA Victoria. A. H. re-
ports payments from MSD. C. J. L. reports payments from
AstraZeneca. P. C. R. reports payments to his institution from GSK for
the conduct of this study, and reports other payments and/or memberships
from GSK, Merck, Pfizer, and Sanofi. J. B. D. reports payments and/or
memberships from GSK, Pfizer, Moderna, AstraZeneca, and
Shionogi. T. M. is employed by GSK. C. B., M. L., and D. T. are employed
by GSK and hold financial equities in GSK. All other authors report no po-
tential conflicts.

Immunogenicity and Safety of MenABCWY Vaccine in MenACWY Vaccine Primed Subjects « CID 2025:80 (15 April) « 759


http://academic.oup.com/cid/article-lookup/doi/10.1093/cid/ciae622#supplementary-data
https://www.gsk-studyregister.com/en/)

All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the con-
tent of the manuscript have been disclosed.

References

1.

Bobde S, Sohn WY, Bekkat-Berkani R, et al. The diverse spectrum of invasive me-
ningococcal disease in pediatric and adolescent patients: narrative review of cases
and case series. Infect Dis Ther 2024; 13:251-71.

. Deghmane AE, Taha S, Taha MK. Global epidemiology and changing clinical pre-

sentations of invasive meningococcal disease: a narrative review. Infect Dis
(Lond) 2022; 54:1-7.

. Centers for Disease Control and Prevention. Meningococcal disease surveillance

and trends. 2023. Available at: https:/www.cdc.gov/meningococcal/php/
surveillance/?CDC_A Aref_Val=https://www.cdc.gov/meningococcal/surveillance/
index.html. Accessed 16 October 2024.

. European Centre for Disease Prevention and Control. Invasive meningococcal

disease. Annual epidemiological report for 2022. 2022. Available at: https:/
www.ecdc.europa.eu/sites/default/files/documents/invasive-meningococcal-disease-
annual-epidmeiological-report-2022.pdf. Accessed 21 June 2024.

. Parikh S, Campbell H, Bettinger JA, et al. The everchanging epidemiology of me-

ningococcal disease worldwide and the potential for prevention through vaccina-
tion. ] Infect 2020; 81:483-98.

. US Food and Drug Administration. Penbraya [product information]. 2024.

Available at: https://www.fda.gov/vaccines-blood-biologics/vaccines/penbraya.
Accessed 16 October 2024.

. Bekkat-Berkani R, Fragapane E, Preiss S, et al. Public health perspective of a pen-

tavalent meningococcal vaccine combining antigens of MenACWY-CRM and
4CMenB. ] Infect 2022; 85:481-91.

. Mbaeyi SA, Bozio CH, Duffy J, et al. Meningococcal vaccination: recommenda-

tions of the Advisory Committee on Immunization Practices, United States,
2020. MMWR Recomm Rep 2020; 69:1-41.

. Mbaeyi S, Stokley S. Meningococcal conjugate vaccine in the United States: re-

maining challenges for adolescent vaccination. ] Adolesc Health 2019; 65:11-2.

. Pingali C, Yankey D, Elam-Evans LD, et al. Vaccination coverage among adoles-

cents aged 13-17 years—National Immunization Survey-Teen, United States,
2022. MMWR Morb Mortal Wkly Rep 2023; 72:912-9.

. Taha MK, Bekkat-Berkani R, Abitbol V. Changing patterns of invasive meningo-

coccal disease and future immunization strategies. Hum Vaccin Immunother
2023; 19:2186111.

. Collins JP, Crowe SJ, Ortega-Sanchez IR, et al. Use of the Pfizer pentavalent me-

ningococcal vaccine among persons aged >10 years: recommendations of the
Advisory Committee on Immunization Practices—United States, 2023. MMWR
Morb Mortal Wkly Rep 2024; 73:345-50.

. Rappuoli R, Pizza M, Masignani V, Vadivelu K. Meningococcal B vaccine

(4CMenB): the journey from research to real world experience. Expert Rev
Vaccines 2018; 17:1111-21.

. Perez JL, Absalon J, Beeslaar J, et al. From research to licensure and beyond: clin-

ical development of MenB-FHbp, a broadly protective meningococcal B vaccine.
Expert Rev Vaccines 2018; 17:461-77.

. Abitbol V, Martinén-Torres F, Taha MK, et al. 4CMenB journey to the 10-year

anniversary and beyond. Hum Vaccin Immunother 2024; 20:2357924.

. Cooper B, DeTora L, Stoddard J. Menveo: a novel quadrivalent meningococcal

CRM,4; conjugate vaccine against serogroups A, C, W-135 and Y. Expert Rev
Vaccines 2011; 10:21-33.

. Serruto D, Bottomley MJ, Ram S, Giuliani MM, Rappuoli R. The new multicom-

ponent vaccine against meningococca.l serogroup B, 4CMenB: immunological,
functional and structural characterization of the antigens. Vaccine 2012;
30(Suppl 2):B87-97.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

31

33.

Ruiz Garcia Y, Abitbol V, Pellegrini M, Bekkat-Berkani R, Soumahoro L. A dec-
ade of fighting invasive meningococcal disease: a narrative review of clinical and
real-world experience with the MenACWY-CRM conjugate vaccine. Infect Dis
Ther 2022; 11:639-55.

. Block SL, Szenborn L, Daly W, et al. A comparative evaluation of two investiga-

tional meningococcal ABCWY vaccine formulations: results of a phase 2 random-
ized, controlled trial. Vaccine 2015; 33:2500-10.

Séaez-Llorens X, Aguilera Vaca DC, Abarca K, et al. Immunogenicity and safety of
investigational vaccine formulations against meningococcal serogroups A, B, C,
W, and Y in healthy adolescents. Hum Vaccin Immunother 2015; 11:1507-17.
Séez-Llorens X, Beltran-Rodriguez J, Novoa Pizarro JM, Mensi I, Keshavan P,
Toneatto D. Four-year antibody persistence and response to a booster dose of a
pentavalent MenABCWY vaccine administered to healthy adolescents and young
adults. Hum Vaccin Immunother 2018; 14:1161-74.

Welsch JA, Senders S, Essink B, et al. Breadth of coverage against a panel of 110
invasive disease isolates, immunogenicity and safety for 2 and 3 doses of an inves-
tigational MenABCWY vaccine in US adolescents—results from a randomized,
controlled, observer-blind phase II study. Vaccine 2018; 36:5309-17.

Vesikari T, Brzostek J, Ahonen A, et al. Immunogenicity and safety of different
schedules of the meningococcal ABCWY vaccine, with assessment of long-term
antibody persistence and booster responses—results from two phase 2b random-
ized trials in adolescents. Hum Vaccin Immunother 2021; 17:4689-700.
Szenborn L, Block SL, Jackowska T, et al. Immune responses to booster vaccina-
tion with meningococcal ABCWY vaccine after primary vaccination with either
investigational or licensed vaccines: a phase 2 randomized study. Pediatr Infect
Dis ] 2018; 37:475-82.

Beran J, Drazan D, Enweonye I, Bhusal C, Toneatto D. Immunogenicity and safe-
ty of investigational MenABCWY vaccine and of 4CMenB and MenACWY vac-
cines administered concomitantly or alone: a phase 2 randomized study of
adolescents and young adults. mSphere 2021; 6:€0055321.

Séez-Llorens X, Aguilera Vaca DC, Abarca K, et al. Persistence of meningococcal
antibodies and response to a third dose after a two-dose vaccination series with
investigational MenABCWY vaccine formulations in adolescents. Pediatr Infect
Dis ] 2015; 34:€264-78.

Nolan T, Silas P, Willemsen A, Bhusal C, Toneatto D; QUINTET Study Group.
Effectiveness, immunogenicity and safety of a pentavalent meningococcal
ABCWY vaccine in adolescents and young adults: results from a phase 3, random-
ized, controlled clinical study. In: 41st European Society of Paediatric Infectious
Diseases Meeting. Lisbon, Portugal, 8-12 May 2023.

O’Ryan M, Stoddard ], Toneatto D, Wassil J, Dull PM. A multi-component me-
ningococcal serogroup B vaccine (4CMenB): the clinical development program.
Drugs 2014; 74:15-30.

Tavares Da Silva F, De Keyser F, Lambert PH, Robinson WH, Westhovens R,
Sindic C. Optimal approaches to data collection and analysis of potential immune
mediated disorders in clinical trials of new vaccines. Vaccine 2013; 31:1870-6.

. Clopper CJ, Pearson ES. The use of confidence or fiducial limits illustrated in the

case of the binomial. Biometrika 1934; 26:404-13.

EU Clinical Trials Register. Clinical trial results: a phase III, randomized, con-
trolled, observer-blind study to demonstrate effectiveness, immunogenicity and
safety of GSK’s meningococcal group B and combined ABCWY vaccines when ad-
ministered to healthy adolescents and young adults. 2022. Available at: https:/
www.clinicaltrialsregister.eu/ctr-search/trial/2019-001666-15/results. Accessed 21
June 2024.

. Kleinschmidt A, Vadivelu K, Serino L, Neidig N, de Wergifosse B. Endogenous

complement human serum bactericidal assay (enc-hSBA) for vaccine effective-
ness assessments against meningococcal serogroup B. NPJ Vaccines 2021; 6:29.
Muzzi A, Bodini M, Topaz N, et al. Genetic features of a representative panel of
110 meningococcal B isolates to assess the efficacy of meningococcal B vaccines.
mSphere 2022; 7:e0038522.

760 « CID 2025:80 (15 April) « Nolan et al


https://www.cdc.gov/meningococcal/php/surveillance/?CDC_AAref_Val=https://www.cdc.gov/meningococcal/surveillance/index.html
https://www.cdc.gov/meningococcal/php/surveillance/?CDC_AAref_Val=https://www.cdc.gov/meningococcal/surveillance/index.html
https://www.cdc.gov/meningococcal/php/surveillance/?CDC_AAref_Val=https://www.cdc.gov/meningococcal/surveillance/index.html
https://www.ecdc.europa.eu/sites/default/files/documents/invasive-meningococcal-disease-annual-epidmeiological-report-2022.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/invasive-meningococcal-disease-annual-epidmeiological-report-2022.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/invasive-meningococcal-disease-annual-epidmeiological-report-2022.pdf
https://www.fda.gov/vaccines-blood-biologics/vaccines/penbraya
https://www.clinicaltrialsregister.eu/ctr-search/trial/2019-001666-15/results
https://www.clinicaltrialsregister.eu/ctr-search/trial/2019-001666-15/results

	Immunogenicity, Reactogenicity, and Safety of a Pentavalent Meningococcal ABCWY Vaccine in Adolescents and Young Adults Who Had Previously Received a Meningococcal ACWY Vaccine: A Phase 3, Randomized Controlled Clinical Study
	METHODS
	Study Design and Participants
	Serological Analyses
	Reactogenicity and Safety
	Statistical Analysis

	RESULTS
	Participants
	Immunogenicity
	Safety

	DISCUSSION
	Supplementary Data
	Notes
	References


