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ABSTRACT

Introduction:  Many immunization programs 
in Europe recommend quadrivalent meningo‑
coccal vaccinations, which are often adminis‑
tered concomitantly with other vaccines. We 
compared the immune response of a tetanus 
toxoid conjugated quadrivalent meningococ‑
cal vaccine (MenACYW-TT, MenQuadfi®) with 
another quadrivalent meningococcal conju‑
gate vaccine (MCV4-TT; Nimenrix®) when 

administered alone or concomitantly with Tdap-
IPV and 9vHPV vaccines in adolescents.
Methods:  In this phase IIIb trial, healthy ado‑
lescents (MenC-naïve or MenC-primed before 
2 years of age) from Spain, Italy, Hungary, and 
Singapore were randomized in a 3:3:2 ratio to 
receive either MenACYW-TT or MCV4-TT alone, 
or MenACYW-TT concomitantly with 9vHPV 
and Tdap-IPV. The primary objective was to 
demonstrate the non-inferiority of the seropro‑
tection rate (human serum bactericidal assay 
[hSBA] titer ≥ 1:8) to serogroups A, C, W, and Y 
30 days post-vaccination with a single dose of 
MenACYW-TT or MCV4-TT. Secondary objec‑
tives included describing hSBA titers for the four 
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serogroups before and 1 month following vac‑
cination and according to MenC priming status.
Results:  A total of 463 participants were 
enrolled (MenACYW-TT, n = 173; MCV4-
TT, n = 173; MenACYW-TT/9vHPV/Tdap-IPV 
n = 117). Non-inferiority based on seroprotec‑
tion was demonstrated for MenACYW-TT versus 
MCV4-TT for all serogroups. Immune responses 
were comparable whether MenACYW-TT was 
administered alone or concomitantly with Tdap-
IPV and 9vHPV. Post-vaccination hSBA GMTs 
were higher in MenACYW-TT vs. MCV4-TT for 
serogroups C, Y, and W and comparable for sero‑
group A. The percentages of participants with 
an hSBA vaccine seroresponse were higher in 
MenACYW-TT vs. MCV4-TT for all serogroups. 
For serogroup C, higher GMTs were observed 
in both MenC-naïve or -primed participants 
vaccinated with MenACYW-TT vs. MCV4-TT. 
Seroprotection and seroresponse were higher 
in MenC-naïve participants vaccinated with 
MenACYW-TT vs. MCV4-TT and comparable in 
MenC-primed. The safety profiles were compara‑
ble between groups and no new safety concerns 
were identified.
Conclusions:  These data support the con‑
comitant administration of MenACYW-TT with 
9vHPV and Tdap-IPV vaccines in adolescents.
Trial Registrations :   Clinicaltrials.gov, 
NCT04490018; EudraCT: 2020-001665-37; 
WHO: U1111-1249-2973.

PLAIN LANGUAGE SUMMARY

MenACYW conjugate vaccine has been made to 
protect against meningococcal disease caused by 
four common types of bacteria (germs) called 

Neisseria meningitidis (or meningococcus), A, 
C, W, and Y. Many people, particularly adoles‑
cents, have the germs of this disease in their 
nose or throat, and therefore may develop the 
disease or transmit the bacteria to other peo‑
ple. Hence, adolescent meningococcal vaccina‑
tion against serogroups ACWY is increasingly 
recommended in several countries. This study 
assessed the immune response to these sero‑
groups in healthy adolescents after one dose 
of MenACYW conjugate vaccine or Nimenrix®, 
a meningococcal licensed vaccine. Moreover, 
the immune response and safety were assessed 
when the vaccines were given alone or when 
given concomitantly with other adolescent 
vaccines, including the human papillomavirus 
(9vHPV) and tetanus, diphtheria, pertussis, and 
poliomyelitis (Tdap-IPV) vaccines. A total of 
463 adolescents (aged 10–17 years) participated 
in this study and received either MenACYW or 
Nimenrix® alone, or MenACYW concomitantly 
with 9vHPV and Tdap-IPV vaccine. The immune 
response induced by MenACYW was as good as 
the immune response induced by Nimenrix®, 
and when given alone or concomitantly with 
9vHPV and Tdap IPV vaccines. None of the par‑
ticipants experienced any serious side effects of 
any vaccine. The most common non-serious side 
effects were injection site pain, muscle pain, and 
headache. These data support the use of MenA‑
CYW in adolescents, with or without concomi‑
tant administration with 9vHPV and Tdap-IPV, 
which may help to increase the number of ado‑
lescents vaccinated.
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Graphical Abstract: 

Immunogenicity and Safety of a Quadrivalent 
Meningococcal Conjugate Vaccine Versus Nimenrix 
in Healthy Adolescents: a Randomized Phase IIIb 

Multicenter study
Javier Díez-Domingo; Róbert Simkó; Giancarlo Icardi; Chan Poh Chong; 
Céline Zocchetti; Olga Syrkina; Siham Bchir; Isabelle Bertrand-Gerentes

This phase IIIb trial compared 
MenACYW-TT with MCV4-TT, 
alone or with concomitant 9vHPV 
and Tdap-IPV in adolescents 
(MenC primed in infancy 
or MenC naïve) from 
Spain, Italy, Hungary 
and Singapore

Díez-Domingo et al. (2024) Abbreviations: BS, blood sample; 
D, day
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FEATURE

GMTs were greater 
for serogroups C, Y 
and W and 
comparable for 
serogroup A with 
MenACYW-TT
versus 
MCV4-TT 

Immunogenicity 
data were similar 
whether 
MenACYW-TT was 
administered 
alone or with 
9vHPV and 
Tdap-IPV

Non-inferiority of 
hSBA 
seroprotection was 
demonstrated for 
MenACYW-TT vs. 
MCV4-TT 
30 days after 
a single dose 

MenACYW-TT 
(MenQuadfi®) is a 
quadrivalent 
meningococcal conjugate 
vaccine approved for 
use in individuals 
aged ≥2 years in
the USA
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These data support the use of MenACYW in 
adolescents alone or with 9vHPV and Tdap-IPV

Keywords:  Invasive meningococcal disease; 
Vaccination; Immunogenicity; Safety; 
MenACYW-TT; MCV4-TT; Adolescents; 
Coadministration; Tdap-IPV; 9vHPV

Key Summary Points 

As carriage rates of Neisseria meningitidis bacteria, 
which causes invasive meningococcal dis‑
ease, are highest in adolescents, vaccination 
against serogroups A, C, W, and Y is increas‑
ingly recommended in adolescents in several 
countries.

Concomitant administration with other rec‑
ommended adolescent vaccines may improve 
vaccine coverage rates.

We conducted a phase IIIb trial to compare 
the immunogenicity and safety of MenA‑
CYW-TT with MCV4-TT when administered 
alone or concomitantly with Tdap-IPV and 
9vHPV vaccines in adolescents.

Non-inferiority of seroprotection was dem‑
onstrated for MenACYW-TT versus MCV4-TT 
30 days after administration of a single dose 
and immune responses were comparable 
whether MenACYW-TT was administered 
alone or concomitantly with Tdap-IPV and 
9vHPV.

The data demonstrate the immunogenicity 
and safety of MenACYW-TT and support its 
use in adolescents, alone or concomitantly 
with 9vHPV and Tdap-IPV.

DIGITAL FEATURES

This article is published with digital features, 
including a graphical abstract, to facilitate 
understanding of the article. To view digital fea‑
tures for this article, go to https://​doi.​org/​10.​
6084/​m9.​figsh​are.​26029​237.

INTRODUCTION

Neisseria meningitidis infection, leading to inva‑
sive meningococcal disease (IMD), was notified 
in the European Economic Area at a rate of 
0.57 per 100,000 in 2019 [1]. While the inci‑
dence of IMD is greatest in infants, it also peaks 

https://doi.org/10.6084/m9.figshare.26029237
https://doi.org/10.6084/m9.figshare.26029237
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in adolescents, who have the highest carriage 
rates of N. meningitidis compared with other 
age groups [1, 2].

As a result of meningococcal serogroup C 
(MenC) outbreaks in 1999 to 2001, MenC con‑
jugate vaccine immunization programs were 
launched for infants in a number of European 
countries [3]. Therefore, a substantial pro‑
portion of adolescents in Europe are MenC 
vaccine-primed. Despite a decrease in the 
incidence of IMD in Europe in recent years, 
there has been an increase in infections with 
serogroups W and Y [1, 4], leading to recom‑
mendations for adolescent vaccination with 
quadrivalent meningococcal ACWY vaccine in 
several countries. Meningococcal ACWY vac‑
cination during adolescence not only directly 
protects against IMD but also diminishes car‑
riage, thereby sustaining herd protection across 
all age groups [5–7].

The tetanus toxoid conjugated quadriva‑
lent meningococcal vaccine, MenACYW-TT 
(MenQuadfi®), is approved for use in individu‑
als aged 12 months and older in the European 
Union (EU) and in those aged 2 years and older 
in the USA [8, 9]. In the adolescent population, 
the clinical studies for MenACYW-TT were con‑
ducted in the USA using other licensed quad‑
rivalent meningococcal conjugate vaccines 
as comparators, including MenACWY-CRM 
(Menveo®) and MenACYW-DT (Menactra®) 
[10, 11]. MenACYW-TT was shown to have 
non-inferior immune responses and compa‑
rable safety versus MenACWY-CRM in menin‑
gococcal vaccine-naïve adolescents [10], and 
meningococcal vaccine-primed adolescents and 
adults compared with MenACWY-DT [11]. The 
meningococcal conjugate vaccine-quadrivalent 
(MCV4-TT; Nimenrix®) is licensed for use in 
adolescents in Europe, but not in the USA. Pre‑
vious studies comparing MenACYW-TT with 
MCV4-TT in the EU have been conducted in 
toddlers [12–14]. Therefore, it was of interest to 
compare the immune response of MenACYW-TT 
with that of MCV4-TT in adolescents, for which 
there are no current studies in the EU. In the 
European context, we conducted a study includ‑
ing adolescents who were either meningococcal 
vaccine-naïve or MenC-primed before 2 years 
of age to reflect the implementation of MenC 

immunization programs targeting infants/tod‑
dlers in some EU countries since 2000.

Both MenACYW-TT and MCV4-TT are tetanus 
toxoid conjugate vaccines. Each dose of Men‑
ACYW-TT contains 10 μg of capsular polysac‑
charide from each of serogroups A, C, Y, and 
W conjugated to 55 μg of tetanus toxoid (TT) 
carrier protein [15]. MCV4-TT contains 5 μg 
each of oligosaccharides from serogroups A, C, 
W, and Y conjugated to 44 μg of tetanus toxoid 
carrier protein [16]. In contrast to quadrivalent 
meningococcal conjugate vaccines previously 
approved for use in the EU (MCV4-TT and Men‑
ACWY-CRM), MenACYW-TT is available in a liq‑
uid formulation, whereas Nimenrix presentation 
is powder and solvent for solution for injection 
(two vials per dose) and it requires reconstitu‑
tion prior to administration [15, 16]. Therefore, 
it is of interest to compare the immunogenicity 
and safety of MenACYW-TT and MCV4-TT.

Of note, Bordetella pertussis and oncogenic 
human papillomavirus (HPV) serotypes are also 
significant disease-causing pathogens of which 
adolescents and young adults are key reservoirs 
for transmission, and therefore vaccination 
against these pathogens is recommended in 
this population [17, 18]. Three or four tetanus 
and diphtheria vaccine doses before 2 years of 
age are recommended in all European countries, 
with up to three booster doses between age 2 to 
17 years, as well as vaccination against pertus‑
sis in infants (utilizing the diphtheria, tetanus, 
and acellular pertussis vaccine [DTaP]), with the 
majority also recommending vaccination in 
adolescents (utilizing tetanus with reduced diph‑
theria acellular pertussis doses [Tdap]) [19, 20]. 
Many national immunization programs now 
include vaccination against polio with Tdap 
vaccination (Tdap-IPV), as opposed to Tdap vac‑
cination alone. Since 2006, a number of Euro‑
pean countries have implemented vaccination 
against HPV into their national immunization 
programs [21]. These programs targeted adoles‑
cent girls initially and then extended to boys in 
some countries, usually starting between 10 and 
12 years of age and up to 18 years of age with 
either a two- or three-dose series according to 
the national recommendations and age of the 
subject at the initiation of HPV vaccination [21]. 
Current guidance published by the European 
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Centre for Disease Prevention and Control now 
recommends vaccination with the 9-valent HPV 
(9vHPV) vaccine to provide protection against 
five further HPV types, thereby gradually phas‑
ing out the use of 4vHPV [22]. Similarly, 4vHPV 
is no longer administered in the USA, with HPV 
vaccination consisting solely of 9vHPV [23].

Meningococcal vaccines are often adminis‑
tered concomitantly with other adolescent vac‑
cines, including with Tdap, Tdap-IPV, and HPV 
vaccines. Previous data show that the immuno‑
genicity and safety profile of the MenACYW-TT 
is comparable when administered with or with‑
out Tdap and 4vHPV vaccines [10]. However, 
concomitant administration of MenACYW-TT 
with Tdap-IPV and 9vHPV has not been inves‑
tigated. Here, we present the results of a phase 
IIIb, partially observer-blind, randomized, 
active-controlled, parallel-group, multi-center 
study comparing the immunogenicity and safety 
of MenACYW-TT versus MCV4-TT, administered 
alone or concomitantly with 9vHPV and Tdap-
IPV vaccines in healthy adolescents, who are 
either meningococcal vaccine-naïve or MenC-
primed before 2 years of age.

METHODS

Participants and Study Design

This study was conducted in accordance with 
the protocol and consensus ethical principles 
derived from international guidelines includ‑
ing the Declaration of Helsinki and the Interna‑
tional Council for Harmonization (ICH) guide‑
lines for Good Clinical Practice (GCP), and all 
applicable laws, rules, and regulations. Partici‑
pants turning 18 years old during the study or 
parents/legal representatives provided informed 
consent. Ethical approval was obtained from the 
following committees:

Singapore: NHG Domain Specific Review 
Boards (DSRB).

Spain: Comité de Ética de la Investigación 
Con Medicamentos del Hospital General Uni‑
versitario Gregorio Marañón.

Hungary: Egészségügyi Tudományos Tanács 
Klinikai Farmakológiai Etikai Bizottság/Medical 

Research Council Ethics Committee for Clinical 
Pharmacology.

Italy: Comitato Etico Regionale Liguria Largo 
Rosanna Benzi; Comitato Etico Milano Area 1—
ASST Sacco e Fatebenefratelli; Comitato Etico 
dell’Area Vasta Emilia Nord; Segreteria Locale di 
Parma c/o Azienda Ospedaliero; Universitaria di 
Parma Via Gramsci 14; Comitato Etico Palermo 
1; Comitato Etico “Ospedali Riuniti” Di Foggia; 
Comitato Etico Regione Calabria—Sezione Area 
Centro.

Participants were recruited from 20 sites in 
Europe (Spain, Italy, and Hungary) and one site 
in Asia (Singapore). Healthy adolescents aged 
10–17 years who were either MenC vaccine-
primed before 2 years of age or MenC-naïve and 
were covered by health insurance, if required by 
local regulations, were included. Exclusion crite‑
ria included pregnancy, lactation, or not using 
effective contraception if the individual was of 
child-bearing age, as well as previous vaccina‑
tion against meningococcal disease with either 
the study vaccine or another vaccine, exclud‑
ing MenC vaccination during infancy. Similarly, 
participants with any previous history of HPV 
vaccination or any tetanus, diphtheria, pertus‑
sis, or inactivated polio virus vaccine within the 
last 3 years were excluded. Participants turn‑
ing 18 years old during the study or parents/
legal representatives provided informed con‑
sent. Assent forms were completed as per local 
regulations.

Participants were enrolled and randomized 
between March 16, 2021 and December 22, 2021 
in a 3:3:2 ratio to receive either MenACYW-TT 
on D01 and 9vHPV + Tdap-IPV on D31 (group 1), 
MCV4-TT on D01 and 9vHPV + Tdap-IPV on D31 
(group 2), or MenACYW-TT and 9vHPV + Tdap-
IPV on D01 (group 3) (Fig. 1). Groups 1 and 2 
were observer-blind and group 3 was open-label.

Interventions

MenACYW-TT (MenQuadfi, Sanofi Inc., Swift‑
water, PA, USA) was presented as a ready-to-use 
solution in single-dose vials. Each dose con‑
tained 10 μg meningococcal capsular polysac‑
charides from the four serogroups conjugated 
to approximately 55 μg tetanus toxoid protein 
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carrier. MCV4-TT (Nimenrix, Pfizer Limited, 
Sandwich, UK) was presented as a lyophilized 
powder and solvent for resuspension, contain‑
ing 5 μg meningococcal capsular polysaccha‑
rides from the four serogroups conjugated to 
approximately 44 μg tetanus toxoid protein 
carrier. 9vHPV (Gardasil® 9, Merck, Sharp & 
Dohme Limited, Kenilworth, NJ, USA) was 
presented a ready to use suspension contain‑
ing: 30 μg HPV type 6 L1 protein; 40 μg HPV 
type 11 L1 protein; 60  μg HPV type 16 L1 
protein; 40 μg HPV type 18 L1 protein; 20 μg 
HPV type 31 L1 protein; 20 μg HPV type 33 L1 
protein; 20 μg HPV type 45 L1 protein; 20 μg 
HPV type 52 L1 protein; and 20 μg HPV type 
58 L1 protein. Tdap-IPV (Repevax®/Triaxis® 
Polio/Adacel® Polio, Sanofi Limited, Toronto, 
Canada) was presented as a ready-to-use sus‑
pension containing: 5 Lf of tetanus toxoid, 2 
Lf of diphtheria toxoid and acellular pertussis 
antigens [2.5 µg pertussis toxin (PT), 5 µg fila‑
mentous hemagglutinin (FHA), 3 µg pertactin, 
and 5 µg fimbriae], and IPV type 1 (Mahoney 
strain) 40 D-antigen unit, type 2 (MEF-1 strain) 
8 D-antigen unit, and type 3 (Saukett strain) 

32 D-antigen unit. All vaccines were given at 
0.5 ml per dose intramuscularly (deltoid).

Endpoints

hSBA and baby rabbit complement assay (rSBA) 
(in a subgroup of participants in each group) 
were used to measure antibodies against the 
four meningococcal vaccine serogroups at D0 
and D31. Seroprotection against each meningo‑
coccal serogroup was defined as hSBA titer ≥ 1:8. 
[11–13, 24, 25]. The proportion of participants 
with rSBA titers ≥ 1:8 for each meningococcal 
serogroups was also assessed. The seroprotec‑
tion thresholds of hSBA and rSBA titers ≥ 1:8 
were defined based on previous research on the 
MenACYW-TT and MCV4-TT vaccines [11–13, 
24–27]. Seroresponse to meningococcal vacci‑
nation was defined as a post-vaccination hSBA 
titer ≥ 1:16 in participants with pre-vaccination 
hSBA titer < 1:8, or a post-vaccination titer at 
least fourfold greater than the pre-vaccination 
titer in those with a pre-vaccination titer ≥ 1:8. 
For rSBA titers, this was defined as a post-vacci‑
nation titer ≥ 1:32 for participants with pre-vac‑
cination rSBA titer < 1:8, or a post-vaccination 

Fig. 1   Study design. BS blood sample
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titer ≥ fourfold increase from baseline for par‑
ticipants with pre-vaccination rSBA titer ≥ 1:8. 
Antibody titers/concentrations against anti‑
gens contained in 9vHPV and Tdap-IPV vac‑
cines were measured 30 days after vaccination 
with 9vHPV and Tdap-IPV. Vaccine seroconver‑
sion for each of the HPV types (6, 11, 16, 18, 
31, 33, 45, 52, and 58) by D31 (+ 14 days) after 
vaccination, with seroconversion was defined 
as change in serostatus from seronegative at 
D01 to seropositive by D31. A participant with 
a titer at or above the serostatus cut-off for a 
given HPV type was considered seropositive for 
that type. The serostatus cut-offs were 9, 6, 5, 
5, 3, 4, 3, 5, and 5 milli-Merck units (mMU)/
ml for HPV types 6, 11, 16, 18, 31, 33, 45, 52, 
and 58, respectively. The rSBA testing was per‑
formed at the Vaccine Evaluation Unit, Public 
Health Laboratory, Manchester, UK. All other 
antibody assessments were performed at Global 
Clinical Immunology (GCI) (Swiftwater, PA, 
USA) or at qualified contract laboratories for 
GCI. Participants were kept under observation 
for 30 min after vaccination to ensure their 
safety and to record any immediate adverse 
events (AEs) and adverse reactions (ARs). Solic‑
ited injection-site reactions were collected from 
D01 to D08 after each vaccination. AEs were 
collected from D01 until D31 after each vac‑
cination and serious AEs (SAEs) and AEs of 
special interest (AESIs) were collected through‑
out the study. Participants, or their parents or 
legally acceptable representatives, recorded AEs 
and SAEs in a diary card specifically designed 
for this study, and were provided rulers for 
measuring the size of injection site reactions 
and standard digital thermometers for meas‑
uring daily temperatures prior to the study. 
Participants or their parents/legally acceptable 
representatives were interviewed at specified 
intervals to collect the information recorded 
in the diary card and to clarify anything that 
was incomplete or unclear. All clinical study 
information gathered was reported electroni‑
cally by the investigators using a web-based 
case report form. Safety outcomes were classi‑
fied using "MedDRA", the Medical Dictionary 
for Regulatory Activities (version 25.1) [28].

Objectives

The primary objective was to demonstrate non-
inferiority of the seroprotection rate achieved 
with MenACYW-TT after 30 days (day 31 [D31]) 
post-vaccination (percentage of participants 
achieving seroprotection, defined as hSBA 
titers ≥ 1:8 for meningococcal serogroups A, C, 
W, and Y) to that achieved with MCV4-TT.

Key secondary objectives included describing 
the immune response of meningococcal sero‑
groups A, C, W, and Y measured by hSBA before 
and at D31 post-vaccination with MenACYW-
TT or MCV4-TT, and additionally, describing the 
antibody response to serogroup C measured by 
hSBA and by serum bactericidal assay using rSBA 
before and at D31 post-vaccination with MenA‑
CYW-TT, and according to MenC priming status 
(MenC-naïve or MenC-primed during infancy). 
Other key secondary objectives were to describe 
the immune response of 9vHPV and Tdap-IPV 
vaccine antigens before and at D31 post-vacci‑
nation when administered alone or concomi‑
tantly with MenACYW-TT, and to describe the 
safety profile in each group after each and any 
vaccination. Observational objectives included 
describing the kinetics of antibody titers against 
the four meningococcal serogroups in the first 
60 participants in group 3, measured by hSBA 
before and at D07 and D31 post-vaccination, 
and describing the antibody response against 
the four meningococcal serogroups as measured 
by rSBA, before and at D31 post-meningococcal 
vaccination, in the first 50 participants in each 
group.

Statistical Analyses

A total of 464 participants were planned to 
be enrolled including 174 subjects in groups 
1 and 2 and 116 in group 3. For the primary 
objective, 378 participants were planned to be 
enrolled in group 1 and group 2 (174 partici‑
pants per group), to ensure the study had > 90% 
power (Farrington and Manning formula [29])) 
to declare the non-inferiority of MenACYW-TT 
(group 1) versus MCV4-TT (group 2) based on A, 
C, W, and Y hSBA seroprotection rates, assuming 
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a 10% drop-out rate from the per-protocol analy‑
sis set (PPAS), a one-sided alpha level of 2.5% 
and a non-inferiority margin of 10%. The sam‑
ple size was arbitrarily set to 116 participants in 
group 3, as these data were not intended to be 
used for hypothesis testing. For the secondary 
and observational objectives, no formal sample 
size calculations were performed.

For the primary objective, a non-inferiority 
approach was used to compare the D31 post-
vaccination hSBA seroprotection rates in the 
MenACYW-TT group (group 1) to that in the 
MCV4-TT group (group 2). Non-inferiority was 
demonstrated if the lower limit of the 95% con‑
fidence interval (CI) of the difference was greater 
than – 10% for all four serogroups. The two-
sided 95% CI was calculated based on the Wil‑
son score method without continuity correction, 
as described by Newcombe 1998 [30]. For sec‑
ondary and observational objectives, no hypoth‑
eses were tested and analyses were descriptive. In 
general, categorical variables were summarized 
and presented by frequency counts, percent‑
ages, and CIs. The 95% CIs of percentages were 
calculated using the exact binomial distribu‑
tion (Clopper–Pearson method). For antibody 
geometric mean titers and geometric mean con‑
centrations, 95% CIs of the point estimates were 
calculated using a normal approximation assum‑
ing these were log-normally distributed.

Analysis Sets

The per-protocol analysis set for meningococ‑
cal vaccines using hSBA (hSBA PPASM) and the 
per-protocol analysis set for meningococcal vac‑
cines using rSBA (rSBA PPASM) were defined as 
the subset of participants who received a dose of 
a meningococcal vaccine, excluding those with 
at least one of the relevant protocol deviations, 
with a valid hSBA or rSBA result, respectively, on 
D31. The per-protocol analysis set for concomi‑
tant vaccines (PPASC) was defined as the sub‑
set of participants who received meningococcal 
vaccination with concomitant administration 
of 9vHPV and Tdap-IPV, excluding those with 
at least one of the relevant protocol deviations. 

The safety analysis set (SafAS) was defined as 
participants who received a dose of any vaccine 
who had safety data available. Safety endpoints 
are reported for the SafAS overall and at visit 1 
(SafAS1) and at visit 2 (SafAS2).

RESULTS

Study Participants

A total of 463 participants were enrolled and 
randomized between March 2021 and Decem‑
ber 2021 into the study (group 1: MenACYW-TT 
alone, n = 173; group 2: MCV4-TT alone, n = 173; 
group 3: MenACYW-TT concomitantly with 
/9vHPV/Tdap-IPV, n = 117). For each country, the 
distribution of the participants was consistent 
with the randomization ratio (3:3:2). A total of 
167 participants (96.5%) in group 1, 165 par‑
ticipants (95.4%) in group 2, and 116 partici‑
pants (99.1%) in group 3 completed the study. 
A summary of the flow of participants through 
the study is presented in Fig. 2. Of those rand‑
omized, there were 312 (67.4%) males and 151 
(32.6%) females (Table 1). Overall, the mean age 
was 12.6 ± 2.38 years and was similar across vac‑
cination group. Of the 462 randomized partici‑
pants with available history of meningococcal 
C vaccination, 326 (70.4%) participants were 
previously vaccinated before 2 years of age with 
a meningococcal C vaccine (MenC-primed) and 
136 (29.4%) participants were not (MenC-naive). 
There were 120 (69.4%) MenC primed partici‑
pants in group 1, 119 (68.8%) in group 2, and 
87 (74.4%) in group 3. There were 53 (30.6%) 
MenC-naive participants each in groups 1 and 
2, and 30 (25.6%) in group 3.

On D01, 458 participants (98.9%) provided a 
pre-vaccination blood sample (Fig. 2). In group 
1, 170 participants (98.3%) received MenACYW-
TT alone; in group 2, 171 participants (99.4%) 
received MCV4-TT alone and in group 3, 116 
participants (99.1%) received MenACYW-TT 
concomitantly with Tdap-IPV and 9vHPV vac‑
cines (PPASM; Fig. 2). The duration of the study 
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(first participant first visit through to the last 
participant last visit) was 422 days, and the 
mean participation duration was 63 (± 19.4) 
days.

Primary Immunogenicity Objective

Non‑inferiority of MenACYW‑TT vs MCV4‑TT 
When Administered Alone (Group 1 vs. Group 
2)

Non-inferiority based on seroprotection rate 
against all four serogroups at D31 as determined 
by hSBA was demonstrated for MenACYW-TT 
alone versus MCV4-TT alone (Table 2).

Secondary Immunogenicity Objectives

Antibody Response to Meningococcal 
Vaccination When Administered Alone 
(Group 1 vs. Group 2)

The antibody responses as measured by hSBA 
at D31 (percentage achieving hSBA titers ≥ 1:8, 
GMTs, and percentage with seroresponse) are 
summarized by serogroup in Table 3 and Fig. 3. 
Seroprotection rates across the serogroups were 
similar in the MenACYW-TT alone and MCV4-
TT groups. However, 30 days post-vaccination 
(D31), the hSBA GMTs were higher in the Men‑
ACYW-TT group versus the MCV4-TT group 
for serogroups C, Y, and W and comparable for 
serogroup A. The percentage of participants 

Fig. 2   Participant flow through the study
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with an hSBA vaccine seroresponse were higher 
for MenACYW-TT compared with MCV4-TT for 
all serogroups. The same trends were observed 
when measured with rSBA (Supplementary 
Table 1).

Antibody Response to Meningococcal 
Serogroup C as Measured by hSBA According 
to MenC Primed Status

For serogroup C, higher GMTs were observed in 
both MenC-naïve or primed participants vacci‑
nated with MenACYW-TT vs. MCV4-TT. Seropro‑
tection and seroresponse for serogroup C were 
higher in MenC-naïve participants vaccinated 

with MenACYW-TT vs. MCV4-TT and compara‑
ble in MenC-primed participants (Table 4). Simi‑
lar trends were observed when measured by rSBA 
(Supplementary Table 2).

Antibody Response to Meningococcal 
Vaccination as Measured with hSBA When 
Administered Alone or Concomitantly 
with Tdap‑IPV and 9vHPV Vaccines (Group 1 
vs. Group 3)

The antibody responses in terms of percentage of 
subjects achieving hSBA titers ≥ 1:8, GMTs, and 
percentage of subjects achieving seroresponse 
to the four meningococcal serogroups induced 

Table 1   Baseline demographics (all randomized participants)

Group 1: MenACYW-TT on D01 and 9vHPV + Tdap-IPV vaccines on D31; group 2: MCV4-TT on D01 and 
9vHPV + Tdap-IPV vaccines on D31; group 3: MenACYW-TT + 9vHPV + Tdap-IPV vaccines on D01. Of the 463 rand-
omized participants, one participant did not meet an inclusion criterion and was wrongly included
SD standard deviation

Group 1 (N = 173) Group 2 (N = 173) Group 3 (N = 117) All (N = 463)

Sex, n (%)

 Male 124 (71.7) 116 (67.1) 72 (61.5) 312 (67.4)

 Female 49 (28.3) 57 (32.9) 45 (38.5) 151 (32.6)

Mean age, years (SD) 12.4 (2.32) 12.8 (2.38) 12.5 (2.47) 12.6 (2.38)

Race, n (%)

 White 165 (95.4) 169 (97.7) 115 (98.3) 449 (97.0)

 Asian 2 (1.2) 2 (1.2) 1 (0.9) 5 (1.1)

 Black 3 (1.7) 1 (0.6) 1 (0.9) 5 (1.1)

 American Indian or Alaska Native 2 (1.2) 1 (0.6) 0 (0.0) 3 (0.6)

 Mixed origin 1 (0.6) 0 (0.0) 0 (0.0) 1 (0.2)

Ethnicity, n (%)

 Hispanic or Latino 16 (9.2) 21 (12.1) 12 (10.3) 49 (10.6)

 Not-Hispanic or Latino 157 (90.8) 152 (87.9) 105 (89.7) 414 (89.4)

Country, n (%)

 Italy 34 (19.7) 35 (20.2) 21 (17.9) 90 (19.4)

 Spain 75 (43.4) 75 (43.4) 52 (44.4) 202 (43.6)

 Hungary 63 (36.4) 62 (35.8) 43 (36.8) 168 (36.3)
 Singapore 1 (0.6) 1 (0.6) 1 (0.9) 3 (0.6)
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by MenACYW-TT alone or concomitantly with 
9vHPV and Tdap-IPV vaccines were generally 
similar across the groups (Table 3; Fig. 3), except 
for GMTs serogroup A and W and seroresponses 
to serogroup A, which tended to be lower in the 
group that received MenACYW-TT concomi‑
tantly with 9vHPV and Tdap-IPV.

Antibody Responses Against 9vHPV 
and Tdap‑IPV Vaccine Antigen 
When Administered 30 days After 
MenACYW‑TT (Group 1) or Concomitantly 
with MenACYW‑TT (Group 3)

Immunogenicity profiles after 9vHPV vaccina‑
tion in terms of seroconversion rates (Table 5) 
and after Tdap-IPV vaccination in terms of 
response rates (Table  6) were comparable 
between both groups. No clinically relevant 
differences were observed in terms of anti‑
body concentrations/titers, which tended to be 
lower in the group that received MenACYW-TT 
concomitantly with 9vHPV and Tdap-IPV vac‑
cines compared to the group that received the 
9vHPV and Tdap-IPV vaccines sequentially after 
MenACYW-TT for anti-HPV type-6 and type-58 
antigens, and polio type 1 and type 3, and per‑
tussis toxoid. Interestingly, geometric means 
for antibodies against diphtheria antigens were 
higher in the group that received the vaccines 
concomitantly.

Kinetics of Antibody Titers Against the Four 
Meningococcal Serogroups

The kinetics of the hSBA antibody titers against 
the four meningococcal serogroups observed 
in the first 60 participants in the group that 
received MenACWY-TT concomitantly with 
9vHPV/Tdap-IPV vaccines are summarized in 
Supplementary Table 3. Overall, a rapid and 
robust immune response was observed with 
hSBA titers increasing mainly between D01 and 
D07, and to a lesser extent between D07 and 
D31.

Safety

Overall, the safety profiles were comparable 
between groups and no new safety concerns Ta
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Table 3   Antibody responses to the four meningococcal serogroups as measured with hSBA at D31—hSBA per-protocol 
analysis set for meningococcal vaccines (hSBA PPASM)

Group 1: MenACYW-TT on D01 and 9vHPV + Tdap-IPV vaccines on D31; group 2: MCV4-TT on D01 and 
9vHPV + Tdap-IPV vaccines on D31; group 3: MenACYW-TT + 9vHPV + Tdap-IPV vaccines on D01. Seroresponse 
defined as follows: For a participant with a pre-vaccination titer < 1:8, a post vaccination titer ≥ 1:16. For a participant with a 
pre-vaccination titer ≥ 1:8, a post vaccination titer at least fourfold greater that the pre vaccination titer
CI confidence interval, GMT geometric mean titers, hSBA human serum bactericidal activity assay, n number of participants 
experiencing the endpoint, M number of participants with available data for the relevant endpoint

Serogroup Time point Group 1 (N = 159) Group 2 (N = 161) Group 3 (N = 113)

Seroprotection 
(hSBA ≥ 1:8)

n/M % (95% CI) n/M % (95% CI) n/M % (95% CI)

A Day 1 89/158 56.3 (48.2; 64.2) 81/160 50.6 (42.6; 58.6) 66/112 58.9 (49.2; 68.1)

Day 31 155/159 97.5 (93.7; 99.3) 148/160 92.5 (87.3; 96.1) 103/113 91.2 (84.3; 95.7)

C Day 1 65/158 41.1 (33.4; 49.2) 57/160 35.6 (28.2; 43.6) 47/113 41.6 (32.4; 51.2)

Day 31 159/159 100 (97.7; 100) 153/161 95.0 (90.4; 97.8) 112/113 99.1 (95.2; 100)

W Day 1 36/159 22.6 (16.4; 29.9) 46/161 28.6 (21.7; 36.2) 30/112 26.8 (18.9; 36.0)

Day 31 159/159 100 (97.7; 100) 159/161 98.8 (95.6; 99.8) 112/113 99.1 (95.2; 100)

Y Day 1 15/159 9.4 (5.4; 15.1) 25/161 15.5 (10.3; 22.1) 7/113 6.2 (2.5; 12.3)

Day 31 157/158 99.4 (96.5; 100) 157/160 98.1 (94.6; 99.6) 113/113 100 (96.8; 100)

GMTs M GMTs (95% CI) M GMTs (95% CI) M GMTs (95% CI)

A Day 1 158 6.95 (6.18; 7.83) 160 6.41 (5.67; 7.26) 112 7.38 (6.23; 8.75)

Day 31 159 78.2 (64.6; 94.7) 160 56.0 (44.0; 71.2) 113 42.2 (32.5; 54.7)

C Day 1 158 6.40 (5.17; 7.92) 160 5.51 (4.59; 6.62) 113 5.67 (4.51; 7.14)

Day 31 159 2294 (1675; 3142) 161 619 (411; 931) 113 1938 (1365; 
2752)

W Day 1 159 3.76 (3.22; 4.40) 161 4.36 (3.68; 5.17) 112 3.98 (3.18; 4.96)

Day 31 159 134 (109; 164) 161 64.6 (52.5; 79.4) 113 74.6 (61.8; 90.1)

Y Day 1 159 2.56 (2.27; 2.89) 161 3.14 (2.63; 3.75) 113 2.43 (2.09; 2.84)

Day 31 158 169 (141; 202) 160 84.8 (68.3; 105) 113 171 (138; 211)

Seroresponse % n/M % (95% CI) n/M % (95% CI) n/M % (95% CI)

A Day 31/Day 1 139/158 88.0 (81.9; 92.6) 120/159 75.5 (68.0; 81.9) 71/112 63.4 (53.8; 72.3)

C Day 31/Day 1 157/158 99.4 (96.5; 100) 142/160 88.8 (82.8; 93.2) 110/113 97.3 (92.4; 99.4)

W Day 31/Day 1 148/159 93.1 (88.0; 96.5) 131/161 81.4 (74.5; 87.1) 96/112 85.7 (77.8; 91.6)
Y Day 31/ Day 1 156/158 98.7 (95.5; 99.8) 141/160 88.1 (82.1; 92.7) 112/113 99.1 (95.2; 100)
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were identified (Table 7). There were no unsolic‑
ited AEs/adverse reactions (ARs) within 30 min 
of vaccination in any group. Unsolicited AEs/
ARs within 30  days after vaccination were 

similar across vaccination groups. One SAE was 
reported in the group that received MCV4-TT 
alone (type 1 diabetes mellitus), but assessed as 
not related to the study vaccine. There were no 
AESIs, AEs leading to study discontinuation or 
deaths.

DISCUSSION

During the extensive MenACYW-TT global clini‑
cal development program that led to its initial 
licensure, the vaccine has consistently demon‑
strated non-inferior immunogenicity against 
all four meningococcal serogroups compared to 
other available MenACWY vaccines, across all 
age groups (from age 12 months) and in both 
vaccine-naïve and primed participants [10, 11, 
13, 14, 24]. Moreover, the immunogenicity of 
MenACYW-TT often tended to be higher than 
that for the comparators. This study confirms 
these previous observations and addition‑
ally supports the concomitant administration 
of MenACYW-TT with 9vHPV and Tdap-IPV 
vaccines.

Before this study, the studies in the adoles‑
cent population were conducted in the USA with 
locally licensed vaccines as comparators, Men‑
ACWY-DT (Menactra®), which is not licensed in 
Europe, and MenACWY-CRM (Menveo®). The 
non-inferiority of the immune response of Men‑
ACYW-TT was demonstrated versus these vac‑
cines [10, 11]. The present study was conducted 
using MCV4-TT (Nimenrix), which is licensed 
in Europe but not the USA. In this study, the 
non-inferiority of MenACYW-TT compared with 
MCV4-TT based on hSBA seroprotection rate 
(≥ 1:8) against the four serogroups was demon‑
strated, which is in line with previous research 
[10]. There was a higher proportion of partici‑
pants achieving hSBA seroresponse rates for all 
serogroups in those who received MenACYW-
TT compared with those who received MCV4-
TT. All findings measured by hSBA were simi‑
lar when measured using rSBA, although titers 
using rSBA tend to be higher [31]. The safety 
outcomes for each vaccine were also comparable 
with previous research [10, 13, 32–35].

Fig. 3   Comparison of hSBA immune response to sero-
groups A, C, W and Y 30  days after vaccination on D01 
with MenACYW-TT alone (group 1), MCV4-TT alone 
(group 2) and MenACYW-TT concomitantly with 
9vHPV/Tdap-IPV (group 3): A proportion of participants 
with seroprotection (titers ≥ 1:8, B geometric mean titers, 
and C proportion of participants achieving seroresponse
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Table 5   Antibody responses to 9vHPV antigens at D31—per-protocol analysis set for concomitant vaccines (PPASC)

Anti-HPV type (mMU/
ml)

Time point Group 1 (N = 149) Group 3 (N = 113)

GMT M GM (95% CI) M GM (95% CI)

Anti-HPV type-6 Pre-dosea 147 2.30 (1.94; 2.73) 113 2.12 (1.76; 
2.55)

Post-doseb 149 73.9 (64.3; 85.0) 113 50.6 (42.0; 
60.9)

Anti-HPV type-11 Pre-dosea 147 1.11 (1.05; 1.18) 113 1.07 (1.02; 
1.13)

Post-doseb 149 43.9 (38.9; 49.5) 113 36.3 (30.8; 
42.8)

Anti-HPV type-16 Pre-dosea 147 2.06 (1.95; 2.17) 113 2.02 (1.98; 
2.07)

Post-doseb 149 199 (171; 231) 113 146 (118; 
179)

Anti-HPV type-18 Pre-dosea 147 1.59 (1.50; 1.70) 113 1.50 (NC; 
NC)

Post-doseb 149 46.5 (38.4; 56.4) 113 31.2 (24.0; 
40.6)

Anti-HPV type-31 Pre-dosea 147 1.08 (0.995; 1.18) 113 1.07 (1.02; 
1.13)

Post-doseb 149 31.7 (26.5; 38.1) 113 24.7 (19.2; 
31.8)

Anti-HPV type-33 Pre-dosea 147 1.01 (0.987; 1.04) 113 1.01 (0.989; 
1.03)

Post-doseb 149 21.1 (17.8; 24.9) 113 15.0 (12.2; 
18.6)

Anti-HPV type-45 Pre-dosea 147 0.52 (0.499; 0.543) 113 0.524 (0.493; 
0.556)

Post-doseb 149 11.5 (9.35; 14.1) 113 8.24 (6.30; 
10.8)

Anti-HPV type-52 Pre-dosea 147 0.535 (0.503; 0.569) 113 0.521 (0.500; 
0.544)

Post-doseb 149 47.4 (41.1; 54.7) 113 40.9 (33.5; 
49.8)
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Prior to this study, there was a need for clini‑
cal data on immune response to meningococ‑
cal vaccination among adolescents primed with 
the MenC vaccine during infancy (below age 

2 years), despite the fact that in Europe, MenC 
vaccination of infants has been recommended 
since the 2000s and therefore many adolescents 
may have been vaccinated with at least one 

Table 5   continued

Anti-HPV type (mMU/
ml)

Time point Group 1 (N = 149) Group 3 (N = 113)

Anti-HPV type-58 Pre-dosea 147 1.09 (1.02; 1.16) 113 1.08 (1.02; 
1.14)

Post-doseb 149 29.6 (25.5; 34.3) 113 20.6 (16.9; 
25.1)

Seroconversionc n/M % (95% CI) n/M % (95% CI)

Anti-HPV type-6 Post-dose response based 
on pre-dose

129/147 87.8 (81.3; 92.6) 96/113 85.0 (77.0; 
91.0)

Anti-HPV type-11 Post-dose response based 
on pre-dose

146/147 99.3 (96.3; 100) 110/113 97.3 (92.4; 
99.4)

Anti-HPV type-16 Post-dose response based 
on pre-dose

146/147 99.3 (96.3; 100) 111/113 98.2 (93.8; 
99.8)

Anti-HPV type-18 Post-dose response based 
on pre-dose

139/147 94.6 (89.6; 97.6) 100/113 88.5 (81.1; 
93.7)

Anti-HPV type-31 Post-dose response based 
on pre-dose

142/147 96.6 (92.2; 98.9) 100/113 88.5 (81.1; 
93.7)

Anti-HPV type-33 Post-dose response based 
on pre-dose

140/147 95.2 (90.4; 98.1) 99/113 87.6 (80.1; 
93.1)

Anti-HPV type-45 Post-dose response based 
on pre-dose

120/147 81.6 (74.4; 87.5) 85/113 75.2 (66.2; 
82.9)

Anti-HPV type-52 Post-dose response based 
on pre-dose

146/147 99.3 (96.3; 100) 109/113 96.5 (91.2; 
99.0)

Anti-HPV type-58 Post-dose response based 
on pre-dose

140/147 95.2 (90.4; 98.1) 104/113 92.0 (85.4; 96.3)

Group 1: MenACYW-TT on D01 and 9vHPV + Tdap-IPV vaccines on D31; group 3: MenACYW-TT + 9vHPV + Tdap-
IPV vaccines on D01
CI confidence interval, GM geometric mean, HPV human papillomavirus, n number of participants experiencing the end-
point, M number of participants with available data for the relevant endpoint
a Visit 2 for group 1 (D31) and visit 1 for group 3 (D01)
b Visit 3 for group 1 (D61) and visit 2 for group 3 (D31)
c Seroconversion was defined as changing serostatus from seronegative at baseline to seropositive after vaccination. A par-
ticipant with a titer at or above the serostatus cut-off for a given HPV type was considered seropositive for that type. The 
serostatus cut-offs for HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58 are 9, 6, 5, 5, 3, 4, 3, 5 and 5 milli-Merck units (mMU)/
ml, respectively
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Table 6   Immune response to antigens contained in Tdap-IPV vaccine—per-protocol analysis set for concomitant vaccines 
(PPASC)

Antigens Time point Group 1 (N = 149) Group 3 (N = 113)

GM M GM (95% CI) M GM (95% CI)

Anti-Diphtheria Pre-dosea 147 0.2 (0.169; 0.238) 113 0.256 (0.208; 
0.316)

Post-doseb 149 3.75 (3.24; 4.35) 113 2.91 (2.46; 
3.44)

Anti-Tetanus Pre-dosea 147 25.5 (22.0; 29.5) 113 0.708 (0.574; 
0.874)

Post-doseb 149 17.3 (14.9; 20.1) 113 34.5 (30.1; 
39.6)

Anti-PT Pre-dosea 145 11.9 (10.2; 13.8) 113 8.77 (7.07; 
10.9)

Post-doseb 149 58.4 (50.6; 67.4) 113 41.4 (36.1; 
47.4)

Anti-Polio type 1 Pre-dosea 147 94.7 (75.5; 119) 113 146 (112; 
190)

Post-doseb 149 3135 (2692; 3650) 113 1593 (1306; 
1943)

Anti-Polio type 2 Pre-dosea 147 227 (184; 281) 113 225 (178; 
285)

Post-doseb 147 3344 (2635; 4245) 113 2950 (2409; 
3613)

Anti-Polio type 3 Pre-dosea 147 135 (105; 174) 113 221 (162; 
302)

Post-doseb 149 7059 (5861; 8502) 113 3166 (2553; 
3926)

Anti-FHA Pre-dosea 147 47.3 (40.9; 54.7) 113 44.5 (37.5; 
52.9)

Post-doseb 149 177 (156; 200) 113 146 (128; 
166)

Anti-PRN Pre-dosea 147 14.5 (11.2; 18.8) 113 11.4 (8.40; 
15.6)

Post-doseb 149 331 (265; 414) 113 236 (184; 
303)
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Table 6   continued

Antigens Time point Group 1 (N = 149) Group 3 (N = 113)

Anti-FIM Pre-dosea 147 2.74 (2.23; 3.37) 113 2.32 (1.84; 
2.94)

Post-doseb 149 152 (112; 207) 113 106 (75.3; 
149)

Response rates n/M % (95% CI) n/M % (95% CI)

Anti-Diphtheria ≥ 0.1 IU/
ml

Pre-dosea 113/147 76.9 (69.2; 83.4) 96/113 85.0 (77.0; 
91.0)

Post-doseb 149/149 100 (97.6; 100) 112/113 99.1 (95.2; 
100)

Anti-diphtheria ≥ 1 IU/ml Pre-dosea 7/147 4.8 (1.9; 9.6) 11/113 9.7 (5.0; 
16.8)

Post-doseb 139/149 93.3 (88.0; 96.7) 102/113 90.3 (83.2; 
95.0)

Anti-Tetanus ≥ 0.1 IU/ml Pre-dosea 147/147 100 (97.5; 100) 109/113 96.5 (91.2; 
99.0)

Post-doseb 149/149 100 (97.6; 100) 113/113 100 (96.8; 
100)

Anti-Tetanus ≥ 1 IU/ml Pre-dosea 147/147 100 (97.5; 100) 44/113 38.9 (29.9; 
48.6)

Post-doseb 148/149 99.3 (96.3; 100) 113/113 100 (96.8; 
100)

Anti-Polio 1, titers ≥ 8 (1/
dil)

Pre-dosea 140/147 95.2 (90.4; 98.1) 112/113 99.1 (95.2; 
100)

Post-doseb 149/149 100 (97.6; 100) 113/113 100 (96.8; 
100)

Anti-Polio 2, titers ≥ 8 (1/
dil)

Pre-dosea 146/147 99.3 (96.3; 100) 113/113 100 (96.8; 
100)

Post-doseb 147/147 100 (97.5; 100) 113/113 100 (96.8; 
100)

Anti-Polio 3, titers ≥ 8 (1/
dil)

Pre-dosea 141/147 95.9 (91.3; 98.5) 109/113 96.5 (91.2; 
99.0)

Post-doseb 149/149 100 (97.6; 100) 113/113 100 (96.8; 
100)

Anti-PT, seroresponsec Post-dose response based 
on pre-dose

118/145 81.4 (74.1; 87.4) 86/113 76.1 (67.2; 
83.6)



1853Infect Dis Ther (2024) 13:1835–1859	

dose of monovalent C vaccine. In the current 
study, as expected, adolescent participants who 
were MenC primed had greater hSBA GMTs for 
serogroup C compared with MenC-naïve par‑
ticipants, since the quadrivalent vaccines acted 
as a booster for this serogroup in those already 
primed. Participants who were MenC-naïve 
showed a greater seroresponse to serogroup C 
when they received MenACYW-TT compared 
with MCV4-TT. These findings were similar 
when immune response was measured using 
rSBA.

The rapidity of the immune response induced 
by MenACYW-TT in adolescents after just 6 days 
post-vaccination may be particularly advanta‑
geous in managing outbreaks in closed/semi-
closed communities, such as universities, where 
immediate protection is crucial.

Interestingly, the baseline seroprotection rates 
for MenA in the current study were high. Despite 
the lack of circulation of serogroup A in western 
countries for decades, high pre-vaccination sero‑
group A titers have been witnessed in clinical 
trials [36]. This may be explained by protection 
against serogroup A conferred by other bacteria 
with cross-reacting polysaccharides, including 
Neisseria lactamica, Escherichia coli, Bacillus pumi-
lus, and Streptococcus faecium [37, 38].

The World Health Organization (WHO) also 
recommends vaccination with 9vHPV (in both 
sexes, as 2- or 3-dose schedules according to age) 
and Tdap/Tdap-IPV (as a booster dose) during 
adolescence [39]. However, compliance with 
existing recommended vaccination schedules 
among adolescents and young adults is chal‑
lenging [40], particularly regarding multi-dose 
schedules such as those needed for protection 
against HPV [41]. Concomitant administra‑
tion of recommended vaccines would reduce 
the number of clinic visits required and maxi‑
mize each vaccination opportunity, and could 
improve coverage among adolescents [42].

Overall, the immune response induced 
by MenACYW-TT was similar regardless of 
whether administered alone or concomitantly 
with 9vHPV and Tdap-IPV. When Tdap-IPV 
and 9vHPV were administered concomitantly 
with MenACYW-TT, the antibody concentra‑
tions/titers tended to be lower as compared to 
when Tdap-IPV and 9vHPV were administered 
alone, for anti-HPV type-6 and type-58 anti‑
gens, polio type 1 and type 3, and pertussis 
toxoid. No conclusions about clinical relevance 
of these findings can be drawn. It should be 
noted that the immunogenicity profiles after 
Tdap-IPV vaccination in terms of seroresponse 

Table 6   continued

Antigens Time point Group 1 (N = 149) Group 3 (N = 113)

Anti-FHA, seroresponsec Post-dose response based 
on pre-dose

110/147 74.8 (67.0; 81.6) 80/113 70.8 (61.5; 
79.0)

Anti-PRN, seroresponsec Post-dose response based 
on pre-dose

144/147 98.0 (94.2; 99.6) 103/113 91.2 (84.3; 
95.7)

Anti-FIM, seroresponsec Post-dose response based 
on pre-dose

138/147 93.9 (88.7; 97.2) 108/113 95.6 (90.0; 98.5)

Group 1: MenACYW-TT on D01 and 9vHPV + Tdap-IPV vaccines on D31; group 3: MenACYW-TT + 9vHPV + Tdap-
IPV vaccines on D01
CI confidence interval, GM geometric mean, LLOQ lower limit of quantification, n number of participants experiencing the 
endpoint, M number of participants with available data for the relevant endpoint
a Visit 2 for group 1 (D31) and visit 1 for group 3 (D01)
b Visit 3 for group 1 (D61) and visit 2 for group 3 (D31)
c Seroresponse was defined as post-vaccination concentration ≥ 4 × baseline concentration, if the anti-pertussis antibody con-
centration at baseline is < 4 × LLOQ or ≥ 2 × baseline concentration, if the anti-pertussis antibody concentration at baseline 
is ≥ 4 × LLOQ
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rates and after 9vHPV vaccination in terms of 
seroconversion rates were comparable between 
groups. Moreover, for 9vHPV vaccine, it should 
be noted that it was the first dose of what is 

ultimately a two or three-dose vaccination 
regimen. Additional booster doses have been 
shown to induce high levels of anti-HPV type 
protection.

Table 7   Safety outcomes after vaccination with MenACYW-TT alone, MCV4-TT alone or MenACYW-TT concomi-
tantly with 9vHPV and Tdap-IPV vaccines—Safety Analysis Set (SafAS)

Group 1: MenACYW-TT on D01 and 9vHPV + Tdap-IPV vaccines on D31; group 2: MCV4-TT on D01 and 
9vHPV + Tdap-IPV vaccines on D31; group 3: MenACYW-TT + 9vHPV + Tdap-IPV vaccines on D01
AE adverse event, AR adverse reaction, CI confidence interval, n number of participants experiencing the endpoint, M num-
ber of participants with available data for the relevant endpoint

Participants experiencing at 
least one:

Group 1 (N = 171) Group 2 (N = 171) Group 3 (N = 116)

n/M % (95% CI) n/M % (95% CI) n/M % (95% CI)

Solicited reaction within solicited 
period after any injection

153/169 90.5 (85.1; 94.5) 151/170 88.8 (83.1; 93.1) 111/116 95.7 (90.2; 98.6)

Solicited injection site reaction 149/169 88.2 (82.3; 92.6) 141/170 82.9 (76.4; 88.3) 108/116 93.1 (86.9; 
97.0)

Solicited injection site reaction 
after injection with meningo-
coccal vaccine

97/169 57.4 (49.6; 65.0) 90/170 52.9 (45.1; 60.6) 72/116 62.1 (52.6; 
70.9)

Solicited injection site reaction 
after injection with 9vHPV

113/168 67.3 (59.6; 74.3) 125/165 75.8 (68.5; 82.1) 98/116 84.5 (76.6; 
90.5)

Solicited injection site reaction 
after injection with Tdap-IPV

118/168 70.2 (62.7; 77.0) 117/164 71.3 (63.8; 78.1) 95/116 81.9 (73.7; 
88.4)

Solicited systemic reaction 114/169 67.5 (59.8; 74.5) 112/170 65.9 (58.2; 73.0) 83/116 71.6 (62.4; 
79.5)

Within 30 days after any vaccine 
injections

Unsolicited AE 69/171 40.4 (32.9; 48.1) 49/171 28.7 (22.0; 36.1) 37/116 31.9 (23.6; 
41.2)

Unsolicited AR 19/171 11.1 (6.8; 16.8) 12/171 7.0 (3.7; 11.9) 12/116 10.3 (5.5; 
17.4)

Unsolicited injection site AR 13/171 7.6 (4.1; 12.6) 11/171 6.4 (3.3; 11.2) 11/116 9.5 (4.8; 
16.3)

Unsolicited injection site AR 
after meningococcal vaccination

11/171 6.4 (3.3; 11.2) 4/171 2.3 (0.6; 5.9) 4/116 3.4 (0.9; 8.6)

Unsolicited injection site AR 
after 9vHPV

3/171 1.8 (0.4; 5.0) 3/171 1.8 (0.4; 5.0) 5/116 4.3 (1.4; 9.8)

Unsolicited injection site AR 
after Tdap-IPV

1/171 0.6 (0; 3.2) 6/171 3.5 (1.3; 7.5) 4/116 3.4 (0.9; 8.6)



1855Infect Dis Ther (2024) 13:1835–1859	

Overall, the reactogenicity and safety profiles 
were favorable and comparable between the 
study groups. No safety concerns related to Men‑
ACYW-TT or the other vaccines utilized in this 
study were identified; the most common reac‑
tions were non‑serious, self-limited. There were 
no safety issues identified with concomitant 
administration of MenACYW-TT with 9vHPV 
and Tdap-IPV vaccines.

One limitation of the current study was that 
there were substantially more males included 
compared with females. However, this may be 
explained by a large number of females meet‑
ing the exclusion criteria due to high uptake 
of vaccination against HPV in this population 
as a result of immunization recommendations 
which were implemented first in females [21, 
22]. Additionally, as most MenACYW-TT studies 
have been conducted in the US and EU, it was 
of interest to conduct investigations in non-US/
EU countries. The countries for the current study 
were selected prior to the COVID-19 pandemic. 
The impact of the pandemic on study conduct 
was more pronounced in Singapore than in the 
EU, which ultimately led to a lack of data from 
this country. As the study used competitive 
enrolment, almost all participants were enrolled 
in EU countries.

Enhancing vaccination coverage is particu‑
larly important in adolescents given that this 
demographic group have lower vaccination 
rates in comparison to younger age groups. 
These rates may be lower because adolescents 
are generally healthy, have infrequent visits to 
healthcare providers and less opportunity to be 
vaccinated, and would be transitioning away 
from pediatric-related care [43]. Concomitant 
administration of MenACYW-TT with other 
vaccines could help to increase coverage rates 
among adolescents for recommended vaccines.

CONCLUSIONS

In conclusion, this study provides key data 
regarding the immunogenicity and safety of 
MenACYW-TT compared with MCV4-TT in 
adolescents, when administered alone or con‑
comitantly with 9vHPV and Tdap-IPV vaccines. 

These results were consistent in both menin‑
gococcal vaccine-naïve adolescents and those 
who have received at least one dose of a mono‑
valent C vaccine before age 2 years. Concomi‑
tant administration of MenACYW-TT with 
other vaccines could help achieve higher vac‑
cination coverage among adolescents for rec‑
ommended vaccines.
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