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ABSTRACT

Introduction:  Many countries recommend vac‑
cination against Neisseria meningitidis serogroups 
A, C, W, and Y in infants and young children 
to prevent invasive meningococcal disease. We 
evaluated the immunogenicity and safety of a 

quadrivalent meningococcal tetanus toxoid-
conjugate vaccine (MenACYW-TT) booster in 
children primed with the same meningococcal 
vaccine 5 years earlier. Immune persistence fol‑
lowing priming vaccination was also evaluated, 
and the study is ongoing to generate 10 years’ 
post-priming data.
Methods:  Healthy children, vaccinated with 
MenACYW-TT 5 years earlier as toddlers, were 
enrolled. Participants were randomized to 
receive MenACYW-TT booster (group 1) or no 
booster (group 2), stratified by country and 
meningococcal serogroup C (MenC) vaccina‑
tion status (primed at age ≤ 1 year vs. naive). 
Antibodies against each serogroup were meas‑
ured by serum bactericidal assay using human 
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complement (hSBA). Seroresponse sufficiency 
at 30 days post-booster was demonstrated if the 
lower limit of the one-sided 97.5% confidence 
interval (CI) of the seroresponse rate (proportion 
of participants with post-vaccination titers ≥ 1:16 
when baseline titers were < 1:8 or with a ≥ four‑
fold increase when baseline titers were ≥ 1:8) 
was > 75% for each serogroup. Seroprotection 
rates (proportion with hSBA titers ≥ 1:8) and geo‑
metric mean titers (GMTs) for each serogroup 
were also assessed.
Results:  A total of 209 participants were 
enrolled across 26 sites in Finland, Germany, 
Hungary, and Spain (group 1, n = 93; group 2, 
n = 116). Five years post-priming, GMTs, and 
seroprotection rates were higher than those 
observed before priming vaccination in both 
groups, indicating long-term persistence. Booster 
seroresponse rates in group 1 for all serogroups 

ranged from 93.2% to 98.9%, with seroresponse 
sufficiency demonstrated (lower limit of one-
sided 97.5% CIs for the seroresponse rates rang‑
ing from 85.7% to 93.8%). Seroprotection rates 
and GMTs post-booster increased across all 
serogroups, with nearly all participants seropro‑
tected, suggesting adequate booster response. 
Seroresponse was comparable between MenC-
primed and MenC-naive participants. No new 
safety concerns were identified.
Conclusions:  MenACYW-TT provides long-
term immune persistence and a robust immune 
response when administered as a booster in chil‑
dren primed 5 years earlier.
Trial Registrations :   Clinicaltrials.gov, 
NCT04936685; EudraCT: 2021-000104-38; 
WHO: U1111-1255-4941.
Graphical abstract available for this article.
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Graphical Abstract: 

Five-Year Immune Persistence of a Quadrivalent 
Meningococcal Conjugate Vaccine (MenACYW-TT) 

and Immunogenicity and Safety 
of a Booster Dose in Children

Federico Martinón-Torres, Robert Simko, Rolf Ebert, 
Mika Rämet, Céline Zocchetti, Olga Syrkina, Siham Bchir, 

Isabelle Bertrand-Gerentes

MenACYW-TT (MenQuadfi®) is a quadrivalent 
meningococcal TT conjugate vaccine licensed for use in 
individuals aged ≥12 months in the EU and in those 
≥2 years of age in the US

Phase IIIb, randomized, open-label, multi-center study 
across 26 sites in Finland, Germany, Hungary and Spain
Group 1 (MenACYW-TT booster dose)
Group 2 (No booster dose)

209 participants (healthy children) who had been 
vaccinated 5 years earlier as toddlers with MenACYW-TT 
were enrolled between 23 August 2022 and 
06 February 2023

Primary objective was to demonstrate the hSBA vaccine seroresponse 
sufficiency of meningococcal serogroups A, C, W, and Y, 30 days post- 
booster dose of MenACYW-TT, 5 years after primary vaccination – 
hSBA PPAS (Group 1)
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Seroresponse sufficiency was demonstrated, with the lower limit of the 
1-sided 97.5% CI >75% for each of the four serogroups. GMTs 5 years 
after the priming vaccination (pre-booster for Group 1) were higher 
than observed before the priming vaccination for all serogroups in both  
study groups, indicating long-term persistence

Vaccine seroresponse sufficiency for all serogroups was demonstrated 
post-booster dose administration. Antibody persistence 5 years after 
priming with MenACYW-TT was demonstrated. No safety concerns were 
identified after MenACYW-TT administration

CI: confidence interval; GMT: geometric mean titer; hSBA: serum 
bactericidal assay using human complement; PPAS: Per-Protocol 
Analysis Set; TT: tetanus toxoid.
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Key Summary Points 

Why carry out this study?

Many countries recommend a quadrivalent 
meningococcal vaccine for infants, toddlers, 
children, or adolescents; however, long-term 
immunogenicity and the safety of a booster 
dose require further evaluation.

This study assessed antibody persistence and 
evaluated the immunogenicity and safety of 
a booster dose of the quadrivalent menin‑
gococcal conjugate vaccine, MenACYW-
TT, 5 years after priming vaccination with 
MenACYW-TT as toddlers.

What was learned from the study?

Antibody persistence was demonstrated, 
and a booster dose of MenACYW-TT was 
immunogenic and well tolerated, with suf‑
ficient seroresponse 30 days post-booster, in 
children primed with MenACYW-TT 5 years 
earlier.

This study investigated antibody persis‑
tence for a longer time frame (5 years vs. 
3 years) than the previous study (MET51, 
NCT02955797) and is ongoing to generate 
10-year persistence data.

This study confirms that a MenACYW-TT 
booster dose can elicit a robust immune 
response against meningococcal serogroups 
A, C, W, and Y.

DIGITAL FEATURES

This article is published with digital features, 
including graphical abstract, to facilitate under‑
standing of the article. To view digital features 
for this article, go to https://​doi.​org/​10.​6084/​
m9.​figsh​are.​28400​981.

INTRODUCTION

Invasive meningococcal disease (IMD), caused 
by Neisseria meningitidis, is a life-threatening 
infection [1–3]. In 2019, there were an esti‑
mated 433,000 people diagnosed globally 
with IMD caused by N. meningitidis, resulting 
in approximately 32,100 fatalities; of these, 
216,000 cases and 14,400 deaths were among 
children under 5 years of age [4]. The incidence 
of IMD is highest in infants and young children, 
with a second peak incidence observed among 
adolescents and young adults [1]. In 2022, the 
IMD notification rates for children aged < 1 year 
and 1–4 years were 4.3 per 100,000 and 1.8 per 
100,000, respectively, in Europe [1]. Although 
IMD is rare across Europe, it remains a public 
health concern, especially in children, due to 
the high risk of mortality, with a case-fatality 
rate of up to 20% globally, depending on region, 
age group, and meningococcal serogroup [1, 5]. 
Additionally, up to 20% of survivors experience 
long-term sequelae, including neurological and 
hearing impairments, or amputation [3, 6].

Meningococcal serogroups are classified 
according to their capsular polysaccharides. 
Currently, 12 distinct meningococcal serogroups 
have been identified, but serogroups A, B, C, W, 
X, and Y are the leading cause of meningococcal 
disease worldwide [7]. Immunization programs 
in countries of the European Union (EU) and 
European Economic Area currently recommend 
pediatric vaccination against N. meningitidis, 
with monovalent meningococcal C conjugate 
vaccines or quadrivalent meningococcal ACYW 
vaccines [8, 9]. Some countries also recommend 
additional vaccination against meningococcal 
serogroup B (MenB) [8, 9]. Meningococcal vac‑
cination against serogroup A, C, W, and Y is also 
recommended in adolescents [8, 9].

In response to outbreaks of meningococcal 
serogroup C (MenC) during 1999–2001, a num‑
ber of European countries initiated immuniza‑
tion programs for conjugate MenC vaccination 
[9]. As a result of this, many children and ado‑
lescents within Europe received MenC vaccina‑
tion as part of their vaccine program. However, 
due to the emergence of other serogroups, many 
countries have replaced the MenC vaccine with 

https://doi.org/10.6084/m9.figshare.28400981
https://doi.org/10.6084/m9.figshare.28400981
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a quadrivalent vaccine in infants and/or tod‑
dlers and adolescents or in adolescents only [9]. 
Although routine meningococcal vaccination 
every 5 years is not currently recommended 
by national immunization programs, regular 
booster vaccinations are recommended for indi‑
viduals at higher risk of IMD [8].

MenACYW-TT (MenQuadfi®; Sanofi Inc., 
Swiftwater, PA, USA), a tetanus toxoid conju‑
gate quadrivalent meningococcal vaccine, is 
approved for use as a single dose in individu‑
als aged 12 months and older in the EU and in 
those aged 2 years and older in the USA [10, 
11]. Previous research has demonstrated anti‑
body persistence from MenACYW-TT in chil‑
dren 3 years after priming as toddlers [11–13], 
in adolescents and young adults (aged ≥ 13 
to < 26 years) 3 to 6 years after priming, and in 
older adults (aged ≥ 56 years of age) 3, 5, and up 
to 7 years after priming [14, 15]. However, while 
antibody persistence for MenACYW-TT in chil‑
dren has been previously demonstrated 3 years 
after priming as toddlers, due to the small sam‑
ple size, those data were descriptive only [12].

The MEQ00073 study aimed to investigate the 
persistence of MenACYW-TT immune response 
in children over a 5-to-10-year period and with 
a larger sample size than previously studied. This 
study included both MenC-naive children and 
those who were MenC-primed during the first 
year of life, reflecting the status of this popu‑
lation in different countries. Additionally, the 
study aimed to describe the immunogenicity 
and safety of a booster MenACYW-TT dose. The 
objective of this interim analysis was to assess 
whether the booster induced sufficient serore‑
sponse for all serogroups in children primed 
5 years earlier with MenACYW-TT as toddlers. 
Seroresponse sufficiency was demonstrated if the 
lower limit of the one-sided 97.5% confidence 
intervals (CIs) for seroresponse rates were > 75% 
for all serogroups [15]. Additionally, secondary 
objectives were to describe the seroprotection 
rates and GMTs for all serogroups, as well as the 
safety of the booster dose.

This study is ongoing and will also assess the 
immunogenicity and safety of a second booster 
dose 5 years after the first booster dose adminis‑
tered as children (10 years after an initial prim‑
ing vaccine in the MET51 study), as well as the 

persistence of the immune response 5 years after 
the first booster (10 years after a priming dose 
in the MET51 study), and the immune response 
to a booster dose administered 10 years after a 
priming dose as toddlers.

METHODS

Participants and Study Design

A total of 506 healthy children who were 
vaccinated with MenACYW-TT (MenQuadfi, 
Sanofi Inc., Swiftwater, PA, USA) approximately 
5 years earlier as toddlers (aged 12–23 months) 
in the completed MET51 (NCT02955797) study 
[13] were eligible for this current Phase IIIb, 
open-label, multicenter study (MEQ00073; 
NCT04936685). Results from the MET51 study 
were previously published [13]. Briefly, this 
phase III, randomized, modified double-blind, 
active-controlled study enrolled healthy toddlers 
aged 17–23 months (N = 918) at 34 sites in four 
European countries (Finland, Germany, Hungary, 
and Spain). Participants were randomized to 
receive a single dose of either MenACYW-TT 
or a licensed quadrivalent meningococcal 
tetanus toxoid-conjugate vaccine, MCV4-TT 
(Nimenrix®,  Pfizer  Europe,  Belgium).  
MenACYW-TT was well tolerated, and non-
inferiority to MCV4-TT was demonstrated 
with respect to seroprotection rates for all four 
serogroups in both MenC-naive and MenC-
primed participants [13].

Participants for the MEQ00073 study were 
recruited across 26 sites in Finland, Germany, 
Hungary, and Spain. Key exclusion criteria 
included prior meningococcal vaccinations that 
were not administered as part of the previous 
MET51 study (excluding MenC and MenB vac‑
cinations received during infancy) or a history 
of meningococcal infection. Participants were 
also excluded if they received any other vaccine 
four weeks prior to the trial vaccine or planned 
to receive any vaccine 4 weeks following the trial 
vaccination, excluding influenza vaccination, 
which could be received at least 2 weeks before 
or after study vaccination. Participants were also 
excluded if they had received immunoglobulins 
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and/or blood or blood-derived products in the 
past 3 months, and antibiotics 72 h prior to 
blood sampling.

This study was conducted in accordance with 
the protocol and consensus ethical principles 
derived from international guidelines, including 
the Declaration of Helsinki, the International 
Council for Harmonisation guidelines for Good 
Clinical Practice, and all applicable laws, rules, 
and regulations. The study protocol, informed 
consent form, and investigator’s brochure were 
reviewed and approved by the Independent 
Ethics Committee (IEC) and/or Investigational 
Review Board (IRB) for each study site before the 
study was initiated. The IECs/IRBs for all study 
centers are listed in the supplementary materi‑
als (Supplementary Table 1). Parents or other 
legally acceptable representatives of participants 
were required to sign a statement of informed 
consent.

Randomization and Interventions

The study design for the MEQ00073 study is 
presented in Fig. 1. Eligible participants from 
the MET51 study were randomly selected for 
participation in MEQ00073, and randomly 

assigned to group 1 or group 2, with a bal‑
anced distribution between the two groups, 
and stratified according to country and MenC 
status (primed [Hungary, Spain] or naive [Fin‑
land, Germany]).

Participants in group 1 received an initial 
booster dose of MenACYW-TT on day (D) 1. 
Participants in group 2 did not receive any vac‑
cination at this stage of the study. Participants 
in group 1 will receive a second booster dose 
of MenACYW-TT after 5 years (approximately 
5 years after the first booster dose adminis‑
tered in this study). Participants in group 2 will 
receive a single booster dose of MenACYW-TT 
5 years after recruitment to this study (approxi‑
mately 10 years after the priming dose as tod‑
dlers in the MET51 study). Administration of 
a single booster dose 10 years after priming in 
group 2 is consistent with meningococcal vac‑
cination recommendations for a booster dose 
at 5 years after a toddler dose only for specific 
at-risk populations.

MenACYW-TT, in liquid solution, was 
administered at 0.5 ml per dose via intramus‑
cular injection. Each dose contained 10 μg of 
each of the meningococcal capsular polysac‑
charide serogroups A, C, W, and Y as well as 55 
μg of tetanus toxoid protein carrier.

Fig. 1   Study design. D day, N/A not applicable, SAE serious adverse event, TC telephone call, Y year. *The TC at D9 and 
D31 are applicable only to group 1. †TC is applicable to both groups. MET51 study, NCT02955797
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Immunogenicity

The primary objective was to demonstrate 
immune sufficiency, using vaccine serore‑
sponse as a parameter, to meningococcal 
serogroups A, C, W, and Y after administra‑
tion of MenACYW-TT booster in group 1, 
determined by serum bactericidal assays using 
human complement (hSBA). Secondary objec‑
tives were to describe antibody persistence to 
meningococcal serogroups A, C, W, and Y in 
children who received MenACYW-TT approx‑
imately 5 years earlier as toddlers (groups 1 
and 2), and to describe the antibody response 
to these serogroups before and 30 days after 
MenACYW-TT booster (group 1), measured 
using hSBA and serum bactericidal assay using 
rabbit complement (rSBA). For hSBA, vaccine 
seroresponse was defined as a post-vaccination 
titer ≥ 1:16 for participants with a pre-vaccina‑
tion titer < 1:8, or a ≥ fourfold titer increase for 
participants with a pre-vaccination titer ≥ 1:8, 
and seroprotection was defined as a titer ≥ 1:8 
[16]. For rSBA, seroprotection was defined as 
a titer ≥ 1:8, and seroresponse was defined as 
a post-vaccination titer ≥ 1:32 for participants 
with a pre-vaccination rSBA titer < 1:8, or 
a ≥ fourfold titer increase for participants with 
a pre-vaccination titer ≥ 1:8 [16].

Other secondary objectives were to describe 
tetanus toxoid antibody levels before (D1) and 
30 days after (D31) the administration of the 
first MenACYW-TT booster in group 1, and to 
describe the antibody responses to meningo‑
coccal serogroup C before and 30 days after 
the MenACYW-TT booster in group 1, accord‑
ing to the MenC priming status in the MET51 
study (meningococcal vaccine-naive toddlers 
and MenC-primed toddlers) 5 years earlier, 
measured using hSBA and rSBA. The propor‑
tion of participants with antibody concen‑
trations against tetanus toxoid ≥ 0.01  IU/ml 
and ≥ 0.1 IU/ml was measured in group 1.

Blood samples for immunogenicity were 
collected from all participants on D1 of this 
study. Group 1 participants also provided a 
blood sample 30 days post-booster vaccina‑
tion (D31).

Safety

Participants in group 1 were observed for 30 min 
after vaccination to assess the occurrence of any 
immediate unsolicited adverse reactions (ARs) 
or systemic adverse events (AEs). These events 
could include dizziness, syncope, and anaphy‑
laxis; however, reporting of immediate ARs or 
AEs was not limited to specific event types. 
Parents/legally acceptable representatives were 
provided with diary cards, digital thermometers, 
and flexible rulers to record daily body tempera‑
ture, solicited injection site (pain, erythema, and 
swelling), and systemic reactions (fever, head‑
ache, malaise, and myalgia) up to seven days 
after vaccination. Unsolicited AEs were recorded 
up to D31 and serious AEs (SAEs), including 
adverse events of special interest (AESIs), were 
recorded throughout the interim study period 
(August 23, 2022 to March 9, 2023).

The safety objective was to describe the safety 
profile of MenACYW-TT booster within 30 days 
(time window of + 14 days) after vaccination in 
group 1.

Statistical Analyses

The percentage of participants in group 1 who 
achieved a sufficient hSBA vaccine seroresponse 
for meningococcal serogroups A, C, W, and Y 
was evaluated 30 days after booster. Seroresponse 
was considered sufficient if the lower limit of the 
one-sided 97.5% CI, calculated using the Exact 
method (Clopper–Pearson method), for the per‑
centage of participants who achieved hSBA serore‑
sponse against serogroups A, C, W, and Y, was 
greater than 75%. A sample size of 84 evaluable 
participants was needed to achieve at least 90.0% 
power to detect that the lower bound of the one-
sided 97.5% CI is greater than 0.75 (proportion 
under the null hypothesis) for the vaccine serore‑
sponse to each of the four serogroups using a one-
sided exact test with a significance level (alpha) of 
0.025. Analyses for all secondary endpoints were 
descriptive; no hypotheses were tested. Categori‑
cal variables were summarized and presented by 
frequency counts, percentages, and CIs. The 95% 
CIs of percentages were calculated using the exact 
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binomial distribution (Clopper–Pearson method). 
For antibody geometric mean titers (GMTs) and 
geometric mean concentrations (GMCs), 95% 
CIs of the point estimates were calculated using a 
normal approximation, assuming these were log-
normally distributed.

Analysis Sets

Persistence data are reported for the full analysis 
set (FAS) for persistence, which consisted of partic‑
ipants with a valid baseline serology result (groups 
1 and 2). Immunogenicity data post-booster in 
group 1 are reported for the per-protocol analysis 
set (PPAS), which consisted of participants who 
received the booster dose, excluding those with at 
least one of the pre-defined protocol deviations, 
and had a valid hSBA or rSBA result on D31. The 
safety analysis set (SafAS) consisted of participants 
from group 1 who received booster vaccine and 
who had safety data available.

RESULTS

Study Participants

A total of 209 participants were enrolled 
between August 23, 2022 and February 6, 2023. 
Overall, there were 114 (54.5%) male and 95 
(45.5%) female participants, and the mean age 
was 6.3 years. Further baseline demographics 
are reported in Table 1. Overall, 93 participants 
were assigned to group 1 and 116 participants 
to group 2. Among participants in group 1, 93 
(100%) provided a blood sample and received 
MenACYW-TT booster on D1 (Fig. 2). On D1, 
116 (100%) participants in group 2 provided a 
blood sample. On D31, 92 (98.9%) participants 
from group 1 provided a blood sample – one 
participant discontinued from the study owing 
to a protocol deviation. 

Immunogenicity

Sufficiency of Seroresponse to MenACYW‑TT 
Booster (Group 1)

MenACYW-TT booster (5 years after priming 
vaccination) induced sufficient seroresponse 

(Table 2); the primary objective was met, as the 
lower limit of one-sided 97.5% CI of the hSBA 
vaccine seroresponse was > 75.0% for each of the 
four serogroups.

Antibody Persistence of Meningococcal 
Serogroups A, C, W, and Y (Groups 1 and 2)

Prior to the priming vaccination in the MET51 
study (D0 of MET51), hSBA GMTs were low 
for all serogroups across both study groups 
(Fig. 3); however, GMTs increased for all sero‑
groups 30 days post-priming vaccination (D30 
of MET51) [13] and were comparable between 
groups 1 and 2 on D1 of MEQ00073. On D1 of 
the MEQ00073 study, 5 years after the priming 
vaccination, hSBA GMTs for each serogroup 
remained higher than MET51 pre-vaccination 
GMTs in both groups 1 and 2, indicating long-
term persistence of immune response. The same 
trend was observed for rSBA GMTs (Supplemen‑
tary Table 2). Interestingly, hSBA GMTs for sero‑
group W on D1 of the MEQ00073 study were 
similar to those observed on D30 of the MET51 
study in both groups (Supplementary Table 2).

Five years after the priming vaccination (D1 
of MEQ00073), the proportion of participants 
with hSBA titers ≥ 1:8 decreased for serogroups 
C and Y compared with post-priming vaccina‑
tion (Fig. 4), whereas the proportions for sero‑
groups A and W remained relatively unchanged. 
As expected, the proportion of participants with 
hSBA titers ≥ 1:8 was comparable between the 
two groups for all serogroups (Fig. 4). Similar 
trends were observed using rSBA (Supplementary 
Table 2).

Antibody Response to Serogroups A, C, W, 
and Y Following MenACYW‑TT Booster 
(Group 1)

Robust increases in GMTs across all serogroups 
were observed following MenACYW-TT booster 
compared to pre-booster (Table 3). The propor‑
tion of participants with seroprotective hSBA 
titers ≥ 1:8 post-booster ranged from 97.7% for 
serogroup C to 100% for serogroups W and Y 
(Table 3). Seroresponse rates post-booster for 
each serogroup ranged from 93.2% for serogroup 
A to 98.9% for serogroups W and Y (Table 3). 
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Similar results were observed using rSBA (Sup‑
plementary Table 3).

Antibody Responses to Tetanus Toxoid at D31 
(Group 1)

All participants (100%) in group 1 had anti-
tetanus antibody concentrations ≥ 0.1  IU/ml 
post-booster (Table 4). Anti-tetanus antibody 
GMCs increased from 2.41 (95% CI 1.8, 3.3) on 
D1 (pre-booster dose) to 13.7 (95% CI 12.0, 15.7) 
on D31 (post-booster dose) (Table 4).

Serogroup C Antibody Response Following 
MenACYW‑TT Booster by MenC Status Prior 
to Priming Vaccination

Interestingly, in children who received 
MenACYW-TT 5 years earlier, hSBA GMTs for 
serogroup C pre-booster dose tended to be 
slightly lower in children who were MenC-
naive (27.3; 95% CI 16.9, 44.0) compared with 
children who had been MenC-primed (46.9; 
95% CI 27.6, 79.7) at enrolment in the MET51 
study. Comparable robust increases in hSBA 

Table 1   Baseline demographics (participants with data in the CRF)

CRF study-specific case report forms, n the number of participants fulfilling the demographic listed, N the total number of 
participants, SD standard deviation

Group 1
(N = 93)

Group 2
(N = 116)

All
(N = 209)

Sex, n (%)

 Male 58 (62.4) 56 (48.3) 114 (54.5)

 Female 35 (37.6) 60 (51.7) 95 (45.5)

Mean age, years (SD) 6.3 (0.6) 6.3 (0.4) 6.3 (0.5)

Race, n (%)

 White 93 (100) 113 (97.4) 206 (98.6)

 American Indian or Alaska Native 0 0 0

 Asian 0 0 0

 Black or African American 0 0 0

 Native Hawaiian or Other Pacific Islander 0 0 0

 Unknown 0 2 (1.7) 2 (1.0)

 Multiple origin 0 1 (0.9) 1 (0.5)

Ethnicity, n (%)

 Hispanic or Latino 21 (22.6) 32 (27.6) 53 (25.4)

 Not Hispanic or Latino 72 (77.4) 84 (72.4) 156 (74.6)

Country, n (%)

 Finland 16 (17.2) 25 (21.6) 41 (19.6)

 Germany 25 (26.9) 33 (28.4) 58 (27.8)

 Hungary 32 (34.4) 27 (23.3) 59 (28.2)
 Spain 20 (21.5) 31 (26.7) 51 (24.4)



1000	 Infect Dis Ther (2025) 14:991–1010

GMTs for serogroup C were observed for both 
MenC-naive and MenC-primed participants 
(Table 5). The proportion of participants with 
hSBA titers ≥ 1:8 was comparable between MenC-
naive and MenC-primed participants before and 
after MenACYW-TT booster (Table 5). Similarly, 
seroresponse rates post-booster were comparable 
between MenC-naive and MenC-primed 
participants (Table  5). Similar results were 
observed using rSBA (Supplementary Table 4).

Safety

Overall, no new safety concerns were identified 
in participants who received MenACYW-TT 
booster (group 1) (Table  6). There were no 
immediate unsolicited ARs or AEs (within 
30 min after vaccination). Within 7 days of 
booster vaccination, 72.8% of participants 
reported at least one solicited injection site 

reaction and 48.9% reported at least one 
solicited systemic reaction. During the study, 
three participants experienced at least one 
SAE after MenACYW-TT booster (group 1): one 
participant each experienced giardiasis, which 
required hospitalization, gastroenteritis, and 
wrist fracture; none were considered related 
to the study vaccine. No deaths or AESIs were 
reported during this period.

DISCUSSION

This interim analysis of the phase IIIb, open-
label, multicenter study MEQ00073 demon‑
strated that a booster dose of MenACYW-TT in 
children primed 5 years earlier (in the MET51 
study) as toddlers with MenACYW-TT was 
immunogenic and well tolerated, with serore‑
sponse sufficiency demonstrated post-booster 

Fig. 2   Participant disposition flow chart. D day, MenACYW-TT quadrivalent meningococcal tetanus toxoid-conjugate vac-
cine, N number of participants
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vaccination. Moreover, the MEQ00073 study 
observed a strong persistence of the immune 
response 5 years after the priming vaccination 
in toddlers.

Over the last few decades, the overall 
incidence of IMD has decreased in the EU 
following the introduction of meningococcal 
vaccines into national  immunization 
programs; however, the epidemiology of IMD 
remains highly unpredictable [1]. As such, 
countries have assumed different practices 
on meningococcal vaccination, considering 
the evolution of the local epidemiology [1]. 
Vaccination programs should consider the 
antibody persistence of the meningococcal 
serogroups; however, there are limited data on 
the long-term protective potential of available 
vaccines. Additionally, there is no consensus 
on the need and timing of booster vaccination, 
with no routine booster recommended in 
children, except for those at high risk of IMD 
[8]. Nonetheless, several clinical studies have 

demonstrated the long-term persistence of the 
immune response and robustness of booster 
response with MenACYW-TT across age 
groups. Previous studies showed persistence of 
immune response and a robust response with 
MenACYW-TT booster in children vaccinated 
3  years earlier as meningococcal vaccine-
naive toddlers [12, 17]. Additionally, the 
immunogenicity and safety of MenACYW-TT 
booster has been shown in adolescents and 
young adults primed with MenACYW-TT 
(booster dose of MenACYW-TT administered, 
with or without MenB vaccination) or another 
quadrivalent meningococcal conjugate vaccine 
(meningococcal oligosaccharide diphtheria 
CRM197-conjugate vaccine [MCV4–CRM]; 
MENVEO®, GSK Vaccines Srl, Sovicille, Italy) 
3–6 years earlier, and in older adults (≥ 59 years) 
primed with MenACYW-TT or the quadrivalent 
meningococcal polysaccharide vaccine, MPSV4 
(Menomune®, Sanofi Pasteur, Swiftwater, PA, 
USA), and who received a MenACYW-TT 
booster at least 3 years after priming and up 
to 7 years after priming [14, 15]. In addition, 
the immunogenicity of MenACYW-TT booster 
was previously demonstrated in adults and 
adolescents (aged ≥ 15  years) who had been 
primed with other quadrivalent meningococcal 
con juga t e  vacc ine s  (men ingococca l 
polysaccharide diphtheria toxoid-conjugate 
vaccine [MCV4-DT]; Menactra®, Sanofi Pasteur, 
Swiftwater, PA, USA or MCV4-CRM) 4–10 years 
earlier [18]. The current study (MEQ00073) 
showed the persistence of MenACYW-TT in 
children when administered as a single dose 
in toddlers for a longer time frame than in 
previous studies (5  years vs. 3  years) [12]. 
Moreover, the current study is ongoing in order 
to generate 10 years’ immune persistence data.

The antibody response to MenACYW-TT 
booster 5  years post-priming in the current 
study was similar regardless of MenC priming 
status during infancy (MenC-primed or 
meningococcal vaccine naive before priming 
with MenACYW-TT as toddlers). These findings 
are consistent with previous observations in 
another MenACYW-TT conjugate vaccine study 
[19]. In addition, bactericidal antibody titers 

Table 2   Sufficiency of hSBA seroresponse 30  days  
after MenACYW-TT booster in children who received 
MenACYW-TT 5 years earlier (PPAS)

hSBA serum bactericidal assay using human complement, 
M the number of participants with a valid serology result, 
MenACYW-TT quadrivalent meningococcal tetanus tox-
oid-conjugate vaccine, n the number of participants with 
titers that meet the hSBA vaccine seroresponse criteria, N 
the number of participants in the hSBA per-protocol anal-
ysis set, PPAS per-protocol analysis set
a Seroresponse sufficiency was demonstrated if the lower 
limit of the one-sided 97.5% CI for the seroresponse rates 
for all serogroups was > 75%

Serogroup Group 1 (N = 88)

n/M % Lower limit of 
one-sided 97.5% 
CI

Sufficiencya

A 82/88 93.2 85.7 Y

C 86/88 97.7 92.0 Y

W 87/88 98.9 93.8 Y
Y 87/88 98.9 93.8 Y
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elicited by monovalent C and quadrivalent 
ACWY vaccines have been shown to wane 
3–5 years after primary vaccination; this effect 
is more pronounced in younger children than 
in older children and adults [20–22]. After this 
initial waning, bactericidal antibody titers 
remain stable between 6 and 10 years after the 
priming vaccination [19]. As such, the waning 

antibody levels observed in this study were 
therefore expected and are consistent with 
prior observations following initial priming 
vaccination with licensed MCV4 vaccines in 
children and infants [23–25]. In these studies, 
antibody responses waned but remained higher 
than baseline over 4 and 10 years following 
primary vaccination with MCV4-TT in toddlers 

Fig. 3   Persistence of hSBA antibody response for menin-
gococcal serogroups A, C, W, and Y – GMTs (FAS). D 
day, FAS full analysis set, GMT geometric mean titer, 

hSBA serum bactericidal assay using human comple-
ment. MEQ00073 study, NCT04936685; MET51 study, 
NCT02955797
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(12–23 months of age) and children (2–11 years 
of age) [19, 26, 27], and up to 5 years following 
MCV4-CRM primary vaccination in infants and 
toddlers (3–5 years) [20, 28].

Interestingly, the hSBA GMT for serogroup 
W on D1 of the current study (MEQ00073) 
was similar to that at D30 of the MET51 
study in which the participants received the 
MenACYW-TT priming vaccination [13]. 
However, while serogroup W was previously 
responsible for less than 5% of all IMD cases, 

after a major serogroup W-related outbreak 
among Hajj pilgrims in 2000, serogroup W 
has become the dominant cause of IMD across 
South America, Europe, Australia, and parts of 
sub-Saharan Africa [29]. Notably, in April 2024, 
12 cases of meningococcal disease linked to the 
Umrah pilgrimage were reported to national 
public health agencies in the United States, 
France, and the United Kingdom, 11 of which 
were caused by serogroup W [30, 31].

Fig. 4   Persistence of hSBA antibody response for menin-
gococcal serogroups A, C, W, and Y – percentage of par-
ticipants with hSBA titers ≥ 1.8 (FAS). D day, FAS full 

analysis set, GMT geometric mean titer, hSBA serum 
bactericidal assay using human complement. MEQ00073 
study, NCT04936685; MET51 study, NCT02955797
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Table 3   hSBA titers for serogroups A, C, W, and Y before and 30 days after MenACYW-TT booster (PPAS)

Pre-booster measured on D1, and post-booster measured on D31
CI confidence interval, D day, GMT geometric mean titer, hSBA serum bactericidal assay using human complement, M the 
number of participants with a valid serology result, MenACYW-TT quadrivalent meningococcal tetanus toxoid-conjugate 
vaccine, n the number of participants with a hSBA titer ≥ 1:8, N the number of participants in the per-protocol analysis set, 
PPAS per-protocol analysis set
a hSBA vaccine seroresponse was defined as a post-vaccination titer ≥ 1:16 for participants with pre-vaccination hSBA 
titer < 1:8, or a ≥ fourfold titer increase for participants with pre-vaccination hSBA titer ≥ 1:8

Serogroup Time Point Group 1 (N = 88)

Seroprotection (hSBA ≥ 1:8) n/M % (95% CI)

A Pre-booster dose 69/88 78.4 (68.4; 86.5)

Post-booster dose 87/88 98.9 (93.8; 100)

C Pre-booster dose 74/88 84.1 (74.8; 91.0)

Post-booster dose 86/88 97.7 (92.0; 99.7)

W Pre-booster dose 75/88 85.2 (76.1; 91.9)

Post-booster dose 88/88 100 (95.9; 100)

Y Pre-booster dose 65/88 73.9 (63.4; 82.7)

Post-booster dose 88/88 100 (95.9; 100)

GMTs M GMTs (95% CI)

A Pre-booster dose 88 17.2 (12.6; 23.3)

Post-booster dose 88 1143 (820; 1594)

C Pre-booster dose 88 36.9 (25.7; 52.9)

Post-booster dose 88 8933 (6252; 12,764)

W Pre-booster dose 88 29.3 (21.7; 39.7)

Post-booster dose 88 8656 (6393; 11,721)

Y Pre-booster dose 88 14.6 (10.8; 19.7)

Post-booster dose 88 3727 (2908; 4776)

Seroresponsea n/M % (95% CI)

A Post-booster dose 82/88 93.2 (85.7; 97.5)

C Post-booster dose 86/88 97.7 (92.0; 99.7)

W Post-booster dose 87/88 98.9 (93.8; 100)
Y Post-booster dose 87/88 98.9 (93.8; 100)
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No safety concerns were identified with Men‑
ACYW-TT booster in children primed 5 years 
earlier with the same vaccine. The safety profile 
of MenACYW-TT booster observed in the cur‑
rent study is in concordance with other studies 
assessing safety and immunogenicity of MenA‑
CYW-TT in children, either as a priming vaccine 
or a booster [12, 13, 17].

This study has some limitations that warrant 
discussion. Notably, no active comparator was 
used in this study, as only children vaccinated 
with MenACYW-TT as toddlers in the MET51 
study were enrolled; the current study excluded 
those primed with the comparator vaccine, 
MCV4-TT, in the MET51 study. Additionally, 
only 209 participants were enrolled; however, 
this was not unexpected as follow-up studies 
are challenging in terms of willingness to par‑
ticipate in another study. However, it is also 
important to underline the strengths of this 

study. For example, both the hSBA and rSBA 
antibody assays were, and still are, performed 
in the same laboratories (Global Clinical 
Immunology [GCI], Sanofi Pasteur, Swiftwater, 
Pennsylvania, USA, and Public Health England, 
respectively) throughout the MenACYW-TT 
development program. This ensured data con‑
sistency between the MET51 and MEQ00073 
studies [12, 15]. The MET51 and MEQ00073 
studies were conducted in Europe only and 
therefore followed clinical practice recommen‑
dations at the time of the study in the coun‑
tries in which participants were enrolled. Thus, 
the study findings may not be generalizable to 
regions in which meningococcal vaccination 
recommendations differ (for example, where a 
two-dose MenACWY vaccination series is rec‑
ommended, with the first dose during the first 
year of life and a second dose as a toddler).

Table 4   Anti-tetanus antibody concentration before and 30  days after MenACYW-TT booster in children who received 
MenACYW-TT 5 years earlier (PPAS)

CI confidence interval, D day, GMC geometric mean concentration, hSBA serum bactericidal assay using human comple-
ment, M the number of participants with available data for the endpoint, MenACYW-TT quadrivalent meningococcal 
tetanus toxoid-conjugate vaccine, n the number of participants experiencing the endpoint listed in the first column, N the 
number of participants in the per-protocol analysis set, PPAS per-protocol analysis set. Pre-booster measured on D1, and 
post-booster measured on D31

Time point Group 1 (N = 88)

Proportion of participants with anti-tetanus anti-
body ≥ 0.01 IU/ml

n/M % (95% CI)

Pre-booster dose 88/88 100 (95,9; 100)

Post-booster dose 88/88 100 (95.9; 100)

Proportion of participants with anti-tetanus antibody ≥ 0.1 IU/
ml

n/M % (95% CI)

Pre-booster dose 84/88 95.5 (88.8; 98.7)

Post-booster dose 88/88 100 (95.9; 100)

GMC M GMC (95% CI)

Pre-booster dose 88 2.41 (1.77; 3.30)
Post-booster dose 88 13.7 (12.0; 15.7)
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CONCLUSIONS

Overall, these data support the use of  
MenACYW-TT in children as a priming or 
booster vaccine, irrespective of MenC priming 
status in infancy. Further data on the persis‑
tence of the immune response of MenACYW-
TT 10 years post-priming and following a sec‑
ond booster dose 5 years after a first booster 
dose will be published upon completion of the 
MEQ00073 study. Moreover, the findings of the 
current study, and of other studies conducted 
with MenACYW-TT in different age groups and 

with different meningococcal conjugate vac‑
cines for priming vaccination (MenACYW-TT, 
MCV4-TT or MenC conjugate vaccine in tod‑
dlers, MenACYW-TT, MCV4-CRM or MCV4-DT 
in adolescents/young adults, MenACYW-TT or 
MPSV4 in older adults), reinforce the evidence 
that a booster dose of MenACYW-TT can elicit 
a robust immune response against meningococ‑
cal serogroups A, C, W, and Y, irrespective of 
the meningococcal vaccine used for primary 
vaccination.

Table 5   hSBA antibody titers for meningococcal serogroup C pre- and post-MenACYW-TT booster in children who 
received MenACYW-TT 5 years earlier by MenC priming status at enrolment in the MET51 study (PPAS)

CI confidence interval, D day, GMT geometric mean titers, hSBA serum bactericidal assay using human complement, M the 
number of participants with available data for the endpoint, MenACYW-TT quadrivalent meningococcal tetanus toxoid-
conjugate vaccine, MenC meningococcal serogroup C, n the number of participants experiencing the endpoint listed in the 
first column, N the number of participants in the per-protocol analysis set, PPAS per-protocol analysis set. Pre-booster meas-
ured on D1 and post-booster measured on D31
a hSBA vaccine seroresponse was defined as a post-vaccination titer ≥ 1:16 for participants with pre-vaccination hSBA 
titer < 1:8, or a ≥ fourfold titer increase for participants with pre-vaccination hSBA titer ≥ 1:8
MET51 study, NCT02955797

Time point MenC-naive
(N = 39)

MenC-primed
(N = 49)

Seroprotection 
(hSBA ≥ 1:8)

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

Pre-booster dose 33/39 84.6 (69.5; 94.1) 41/49 83.7 (70.3; 92.7)

Post-booster dose 38/39 97.4 (86.5; 99.9) 48/49 98.0 (89.1; 99.9)

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

Pre-booster dose 39 27.3 (16.9; 44.0) 49 46.9 (27.6; 79.7)

Post-booster dose 39 10,695 (6043; 18,926) 49 7741 (4855; 12,344)

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

Post-booster dose 38/39 97.4 (86.5; 99.9) 48/49 98.0 (89.1; 99.9)
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