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Abstract

Invasive meningococcal disease has high morbidity and mortality, with infants and young
children among those at greatest risk. This phase III, open-label, randomised study in toddlers
aged 12–23 months evaluated the immunogenicity and safety of meningococcal tetanus tox-
oid-conjugate vaccine (MenACYW-TT), a tetanus toxoid conjugated vaccine against menin-
gococcal serogroups A, C, W and Y, when coadministered with paediatric vaccines (measles,
mumps and rubella [MMR]; varicella [V]; 6-in-1 combination vaccine against diphtheria, tet-
anus, pertussis, polio, hepatitis B and Haemophilus influenzae type b [DTaP-IPV-HepB-Hib]
and pneumococcal conjugate vaccine [PCV13])(NCT03205371). Immunogenicity to each
meningococcal serogroup was assessed by serum bactericidal antibody assay using human
complement (hSBA). Vaccine safety profiles were described up to 30 days post-vaccination.
A total of 1183 participants were enrolled. The proportion with seroprotection (hSBA
≥1:8) to each meningococcal serogroup at Day 30 was comparable between the
MenACYW-TT and MenACYW-TT +MMR +V groups (≥92 and ≥96%, respectively),
between the MenACYW-TT and MenACYW-TT +DTaP-IPV-HepB-Hib groups (≥90% for
both) and between the MenACYW-TT and MenACYW-TT + PCV13 groups (≥91 and
≥84%, respectively). The safety profiles of MenACYW-TT, and MMR + V, DTaP-IPV-
HepB-Hib, and PCV13, with or without MenACYW-TT, were generally comparable.
Coadministration of MenACYW-TT with paediatric vaccines in toddlers had no clinically
relevant effect on the immunogenicity and safety of any of the vaccines.

Introduction

Invasive meningococcal disease (IMD) has high morbidity and mortality [1, 2], with the inci-
dence of IMD varying globally, from 0.01 to 0.02 cases per 100 000 in Mexico to 2–3.6 cases
per 100 000 in Morocco [3]. While antibiotic treatment can be used for IMD, there is often
rapid disease progression despite appropriate medical care. Mortality due to IMD remains
high, with a fatality rate of 10–15%, and a high morbidity rate persists with severe complica-
tions and lifelong sequelae [4]. With early diagnosis and rapid, effective, treatment challenging,
prevention of disease plays an important role in reducing IMD.

In both Europe and the USA incidence of IMD is highest in infants <1 year old, followed by
those 1–4 years old and those 15–24 or 16–23 years old [5, 6]. The majority of IMD is caused
by six serogroups: A, B, C, W, X and Y. The relative contribution to the disease of each ser-
ogroup varies geographically [1, 3, 7, 8], and over time, with decreases seen in IMD caused by
serogroup C due to vaccination, and more recent increases in cases due to serogroups W and Y
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in parts of Europe and South America without routine vaccin-
ation for these serogroups [1, 3, 9–13].

Routine paediatric vaccination schedules for infants, toddlers,
children and adolescents vary between countries [3, 14], with
many childhood vaccination schedules combining several vacci-
nations in a single visit to reduce the number of visits to a health-
care provider and increase compliance. Consequently, it is
important to assess the immunogenicity and safety when vaccines
are administered together, particularly as previous evidence has
suggested that there may be an interaction between the vaccine
protein conjugates and other vaccine antigens, which may alter
the immunogenicity or safety of coadministered vaccines [15, 16].

Licensed protein-conjugated meningococcal vaccines fall into
two groups, monovalent vaccines against single serogroups,
such as vaccines against serogroups A and C, or those against
multiple serogroups such as the quadrivalent vaccines against ser-
ogroups A, C, W and Y. MenACYW-TT is a tetanus toxoid con-
jugated vaccine against meningococcal serogroups A, C, W and Y
and has been shown to be immunogenic and well-tolerated when
administered as a single dose in studies conducted in toddlers,
children, adolescents and adults (including those >65 years)
[17–23]. Coadministration of MenACYW-TT with tetanus, diph-
theria, acellular pertussis (Tdap) and human papillomavirus
(HPV4) vaccines in meningococcal vaccine-naïve adolescents
demonstrated comparable safety and immunogenicity profiles of
the MenACYW-TT and coadministered vaccines [24]. This current
study assessed the immunogenicity and safety of MenACYW-TT
when coadministered with routine paediatric vaccines in healthy
meningococcal vaccine-naïve toddlers aged 12–23 months.

Methods

Study design and participants

This was a phase III, open-label, randomised, active-controlled,
multi-centre study in healthy meningococcal vaccine-naïve tod-
dlers aged 12–23 months to evaluate the immunogenicity and
safety of MenACYW-TT when coadministered with routinely
used paediatric vaccines in South Korea, Thailand, Mexico and
the Russian Federation, according to the local immunisation pro-
grammes (NCT03205371). The choice of the countries was driven
by the country-specific immunisation recommendations, [25]
schedules and the published vaccination coverage rates. In
South Korea and Thailand, MenACYW-TT was coadministered
with a measles, mumps and rubella (MMR) vaccine and a vari-
cella (V) vaccine. In Mexico, MenACYW-TT was coadministered
with a 6-in-1 combination vaccine against diphtheria, tetanus,
pertussis, polio, hepatitis B and Haemophilus influenzae type b
(DTaP-IPV-HepB-Hib). In Russia, MenACYW-TT was coadmi-
nistered with a pneumococcal conjugate vaccine (PCV13). This
study was conducted between 7 November 2016 and 19 July 2018.

Participants were eligible for inclusion if they had received all
recommended standard-of-care vaccines according to their age
and a signed informed consent form was completed by their
parent/guardian. Exclusion criteria included: receipt of any
vaccine in the 4 weeks prior to the first visit, planned receipt of
a vaccine during the study except for influenza vaccine, inclusion
in another trial in the 4 weeks preceding the first visit, previous
receipt of any meningococcal vaccine, history of meningococcal
infection, high risk of meningococcal infection and personal
history of Guillain−Barre syndrome (GBS) or Arthus-like reac-
tion. Additionally, participants were excluded from the PCV13

groups from Russia if they had received the third dose of
PCV13 (participants should have only received two PCV13
doses in the first year of life); known history of seizures or enceph-
alopathy occurring within 7 days of vaccination with a pertussis-
containing vaccine, or previous vaccination with
DTaP-IPV-HB-Hib or DTaP containing vaccine at 12–23 months
in Mexico; or known history of seizures, or previous vaccination
with MMR or varicella at or before 12–23 months in South
Korea or Thailand.

In South Korea, Thailand and Mexico, healthy, meningococcal
vaccine-naïve toddlers aged 12–23 months were randomised 2:1:1
to receive either MenACYW-TT and coadministered vaccine(s),
MenACYW-TT alone or coadministered vaccine(s) alone. In
Russia, to ensure compliance with the local immunisation recom-
mendations for PCV13 vaccines, healthy meningococcal
vaccine-naïve toddlers aged 12–14 months and 16–23 months
were assigned to the MenACYW-TT alone group with a balanced
proportion between the age groups; healthy toddlers aged 15–23
months who had not received the third dose of PCV13 were ran-
domised in a 2:1 ratio to MenACYW-TT and PCV13 or PCV13
alone. Due to the nature of the study design, the study was open-
label; however, the laboratory technicians responsible for the sero-
logical testing remained blinded to the participants’ allocation
throughout the study.

The MenACYW-TT vaccine (Sanofi Pasteur, Swiftwater, PA,
USA) was provided as a 0.5 ml dose containing 10 μg of each ser-
ogroup (A, C, W and Y) and ∼55 μg of tetanus toxoid protein car-
rier. The coadministered vaccines were M-M-R® II (Merck & Co,
Whitehouse Station, NJ, USA), VARIVAX® (Merck, Sharp &
Dohme, Haarlem, the Netherlands), Hexaxim® (Sanofi Pasteur,
Marcy l’Etoile, France) and Prevenar 13® (Pfizer Ireland
Pharmaceuticals, Ireland). These co-administered vaccines are
licensed globally in multiple countries, occasionally with different
brand names.

Participants provided blood samples for immunogenicity
assessment at baseline (pre-vaccination) and Day 30 (30–44
days) after vaccination. Upon completion of the study, partici-
pants received the remainder of the recommended vaccines for
their age as per the respective National Immunisation
Programmes for each country. Additionally, after completion of
all study-related vaccinations and visits, the study participants
who had been randomised to the concomitant vaccines only
group were offered the locally licensed quadrivalent meningococ-
cal conjugate vaccines at the respective study clinics. This was
done to ensure that these subjects also have an equal opportunity
to receive protection against IMD.

The conduct of this trial was compliant with the standards
established by the Declaration of Helsinki and the International
Conference on Harmonization (ICH) guidelines for good clinical
practice (GCP) as well as with all local and/or national regulations
and directives. The study protocol was reviewed and approved by
Independent Ethics Committees or Institutional Review Boards at
each study site.

Immunogenicity

Functional antibodies to the meningococcal antigens were mea-
sured in the blood samples at baseline and at Day 30 by serum
bactericidal antibody assay using human complement (hSBA)
or baby rabbit complement (rSBA) and were conducted at
Global Clinical Immunology (GCI; Sanofi Pasteur, Swiftwater,
PA, USA) or Public Health England (PHE, Health Protection
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Agency, Manchester UK), respectively, as described previously
[26, 27]. Polio, hepatitis B and Hib (anti-PRP) were assessed by
GCI (Sanofi Pasteur) as described previously [28]; anti-
diphtheria, tetanus, pertussis and pneumococcal antibodies were
assessed by GCI (Sanofi Pasteur) (described in Supplementary
Methods); anti-measles, mumps, rubella and varicella antibody
levels were assessed by PPD Laboratories (Richmond, VA,
USA), as described previously [29–33].

The primary endpoints of this study were the determination of
immune response against all four meningococcal serogroups as
measured by hSBA before vaccination and at Day 30 after vaccin-
ation, in terms of the proportion of participants with hSBA titres
≥1:8 (seroprotection), the geometric mean titres (GMTs) of anti-
bodies and the proportion of participants with hSBA seroresponse
at Day 30 (post-vaccination titres ≥1:16 in those with pre-
vaccination titres <1:8, or post-vaccination titres ≥4-fold greater
than the pre-vaccination titre in participants with pre-vaccination
titres ≥1:8). Secondary endpoints were assessment of immune
responses to the antigens of the coadministered vaccines before
vaccination and at Day 30 after vaccination, in terms of GMTs
or geometric mean antibody concentrations (GMCs), and the
proportion of participants with seroprotective levels at Day 30
(detailed in Supplementary Methods). Additionally, antibody
titres against meningococcal serogroups A, C, W and Y measured
by rSBA before and 30 days (up to 44 days) after vaccination with
MenACYW conjugate vaccine in a subset of participants (100 par-
ticipants randomly assigned from each of the MenACYW-TT and
coadministered vaccine(s) groups (South Korea, Mexico and Russia
only) and 50 randomly assigned participants from each of the
MenACYW-TT alone groups (South Korea, Mexico and Russia
only)) were also determined.

Baselines titres (D0) were evaluated for antibodies to tetanus,
pertussis, measles, mumps, rubella, varicella antigens and all ser-
otypes contained in the pneumococcal vaccine in the respective
study groups. Since established correlates of protection exist for
diphtheria, polio, hepatitis B and Hib, D0 antibodies were not
evaluated for these four antigens. Post-vaccination (D30) titres
were evaluated for all antigens in the paediatric vaccines adminis-
tered concomitantly in the study across all countries.

Safety

Participants were observed for 30 min after vaccination to assess
the occurrence of any immediate unsolicited systemic adverse
events (AEs). Parents/legally acceptable representatives were pro-
vided with diary cards, digital thermometers and flexible rulers to
record daily body temperature, solicited injection site and sys-
temic reactions and other unsolicited AEs up to seven days
after vaccination. Unsolicited non-serious AEs were recorded up
to Day 30; serious AEs (SAEs) were recorded throughout the
study. Adverse reactions (ARs) were any unintended responses
to the vaccination where a causal relationship was a possibility.

Statistical analysis

This was a descriptive study and, as such, there were no formal
hypotheses, however the analyses were conducted following a for-
mal Statistical Analysis Plan. Categorical data are presented as fre-
quency counts and percentages with 95% confidence intervals
(CIs). The 95% CIs of point estimates were calculated using the
normal approximation for quantitative data and the exact bino-
mial distribution (Clopper–Pearson method) for percentages.

For GMTs or GMCs, 95% CIs of point estimates were calculated
using normal approximation assuming they are log-normally
distributed.

Descriptive statistics were presented by the group for Mexico
and Russia and by the pooled group for participants included
in South Korea and Thailand. All immunogenicity analyses
were performed on the per-protocol analysis set (PPAS) which
was comprised of all participants who received at least one dose
of the study vaccine, had a valid post-vaccination blood sample
and had no protocol deviations. The safety data are presented
for the safety analysis set (SafAS), which comprised all partici-
pants who received at least one dose of study vaccine and had
safety data available.

Results

A total of 1183 participants were enrolled in this study; 213 in
South Korea, 400 in Mexico, 400 in Russia and 170 in
Thailand. Participant flow through the study is shown
in Supplementary Figure S1. The baseline characteristics were
well balanced between the treatment groups (Table 1).

MenACYW-TT concomitant with MMR and varicella vaccines
(Thailand and South Korea)

In both the MenACYW-TT coadministered with MMR and V and
MenACYW-TT groups the proportion of participants with seropro-
tection to each meningococcal serogroup was comparable between
the groups at Day 30 (Fig. 1a). hSBA GMTs for each meningococcal
serogroup increased from baseline to Day 30 and were comparable
between the groups at Day 30 (Supplementary Table S1), as was
hSBA vaccine seroresponse to each serogroup (Supplemental
Fig. S2). The proportions of participants with rSBA titres ≥1:8 and
≥1:128 to each meningococcal serogroup were also comparable
between the vaccine groups (Supplementary Table S2).

At baseline, the GMCs for anti-measles, mumps, rubella and
varicella antibodies were comparable between the MenACYW-TT
coadministered with MMR and V and the MMR and V groups,
and by Day 30 the GMCs increased in both groups and were com-
parable (Supplementary Table S3). The response rates for theMMR
and V vaccine antigens at Day 30 were high and comparable
between the vaccine groups (Fig. 1b–e).

An overview of the safety data is shown in Table 2. The fre-
quencies of participants who reported at least one solicited reac-
tion were 68.3% (129/189) in the MenACYW-TT coadministered
with MMR and V group, 76.6% (72/94) in the MenACYW-TT
group and 63.2% (60/95) in the MMR and V group. Most soli-
cited reactions were Grade 1 or Grade 2 in intensity. The most
commonly reported solicited injection site reaction after vaccin-
ation with MenACYW-TT, MMR or V was injection site tender-
ness (at the MenACYW-TT site: 30.2% (57/189) in the
MenACYW-TT coadministered with MMR and V group and
34.0% (32/94) in the MenACYW-TT group; at the MMR site:
20.1% (38/189) in the MenACYW-TT coadministered with
MMR and V group and 29.5% (28/95) in the MMR and V
group; and at the V site: 21.2% (40/189) in the MenACYW-TT
coadministered with MMR and V group and 26.3% (25/95) in
the MMR and V group). The most common solicited systemic
reaction was irritability (23.8% (45/189) in the MenACYW-TT
coadministered with MMR and V group, 24.5% (23/94) in the
MenACYW-TT group and 26.3% (25/95) in the MMR and V
group).
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There were no immediate AEs and no participant discontinued
due to an AE or AR. Thirteen participants experienced at least
one SAE during the study period (6/189 (3.2%) in MenACYW-TT
coadministered with MMR and V, 5/94 (5.3%) in MenACYW-TT,
and 2/95 (2.1%) in MMR and V groups); none were considered to
be related to vaccination by the investigator or sponsor, and none
led to study discontinuation. No deaths were reported.

MenACYW-TT concomitant with DTaP-IPV-hepB-Hib vaccine
(Mexico)

For both MenACYW-TT coadministered with DTaP-IPV-HepB-
Hib and MenACYW-TT groups, the proportion of participants
with seroprotection to each meningococcal serogroup increased
from baseline and was comparable between the groups at Day 30
(Fig. 2a). hSBA GMTs increased from baseline to Day 30 and were
comparable between the groups (Supplementary Table S4), as was
the proportion with hSBA seroresponse at Day 30 (Supplementary
Fig. S3). The proportion of participants with rSBA titres ≥1:8 and
≥1:128 at Day 30 was 100% for both study groups for serogroups A,
C andW, and >96% for Y (Supplementary Table S5).

At baseline, the GMCs for anti-tetanus and pertussis vaccine
components were comparable between the MenACYW-TT coad-
ministered with DTaP-IPV-HepB-Hib and DTaP-IPV-HepB-Hib
groups and, by Day 30, the GMCs had increased for both tetanus
and pertussis antigens and were comparable; Day 30 GMCs for
anti-diphtheria, Hep B and PRP antibodies and GMTs for anti-
polio antibodies were comparable between the vaccine groups
(Supplementary Table S6). The proportions of participants with
seroprotection to tetanus, diphtheria, polio, Hep B and PRP
were ≥98% for both vaccine groups at Day 30, and ≥88% for
the vaccine response to pertussis components (Fig. 2b–g).

Anoverviewof the safetydata is shown inTable 3. The frequencies
of participants who reported at least one solicited reaction were
69.6% (133/191) in the MenACYW-TT coadministered with
DTaP-IPV-HepB-Hib group, 58.2% (57/98) in the MenACYW-TT
group and 78.9% (75/95) in the DTaP-IPV-HepB-Hib group. Most
solicited reactions were Grades 1 and 2 in intensity. The most com-
monly reported solicited injection site reaction after vaccination
with MenACYW-TT or DTaP-IPV-HepB-Hib was injection site
tenderness (at the MenACYW-TT site: 35.6% (68/191) in the
MenACYW-TT coadministered with DTaP-IPV-HepB-Hib group
and 27.6% (27/98) in the MenACYW-TT group; and at the
DTaP-IPV-HepB-Hib site: 41.9% (80/191) in the MenACYW-TT
wcoadministered with DTaP-IPV-HepB-Hib group and 56.8%
(54/95) in the DTaP-IPV-HepB-Hib group). The most commonly
reported solicited systemic reactionwas irritability (33.5% (64/191)
in the MenACYW-TT coadministered with DTaP-IPV-HepB-Hib
group, 34.7% (34/98) in the MenACYW-TT group and 34.7%
(33/95) in the DTaP-IPV-HepB-Hib group).

There were no immediate AEs and no participants discontin-
ued due to an AR, one participant discontinued due to an AE in
the MenACYW-TT group. One participant experienced at least
one SAE during the study period in the DTaP-IPV-HepB-Hib
group which was not considered related to the vaccine by the
investigator or sponsor, and did not lead to study discontinuation.
No deaths were reported in any study group.

MenACYW-TT concomitant with PCV13 vaccine (Russia)

For both MenACYW-TT coadministered with PCV13 and
MenACYW-TT groups, the proportion of participants withTa
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seroprotection to each meningococcal serogroup was comparable
between the groups at Day 30 (Fig. 3a). hSBA GMTs for each
meningococcal serogroup increased from baseline to Day 30 and
were comparable between the groups for serogroups C, W and Y,
with higher titres to serogroup A in the MenACYW-TT group
than the MenACYW-TT coadministered with PCV13 group
(Supplementary Table S7). The hSBA vaccine seroresponse at Day

30 was also comparable between the groups (Supplementary
Fig. S4). rSBA titres ≥1:8 and ≥1:128 to each meningococcal
serogroup were comparable between the vaccine groups at Day 30
(Supplementary Table S8).

At baseline the GMCs for all the 13 PCV serotypes were com-
parable between the MenACYW-TT coadministered with PCV13
and PCV13 groups; by Day 30 the GMCs increased in both

Fig. 1. Proportion of participants with (a) hSBA meningococcal titres ≥1:8, (b) anti-measles antibody concentrations ≥225 mIU/ml, (c) anti-mumps antibody con-
centrations ≥10 mumps antibody units/ml, (d) anti-rubella concentrations ≥10 IU/ml and (e) anti-varicella antibody concentrations ≥5 glycoprotein ELISA antibody
units/ml at Day 30 in participants randomised to MenACYW-TT + MMR + V, MenACYW-TT and MMR + V (PPAS). ELISA, enzyme-linked immunosorbent assay; hSBA,
serum bactericidal antibody assay using human complement; MMR, measles, mumps and rubella vaccine; PPAS, per-protocol analysis set; V, varicella vaccine.
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groups and were comparable (Supplementary Table S9). The pro-
portion with antibody concentrations ≥0.35 μg/ml to the PCV ser-
otypes atDay 30was≥90% for all components, except for serotype 3
(>72%) (Fig. 3b). The percentage of participants with anti-
pneumococcal antibody concentrations ≥1.0 μg/ml ranged from
48.2% (serotype 3) to 97.4% (serotype 14) in the MenACYW-TT

coadministered with PCV13 group and from 38.0% (serotype 3)
to 94.6% (serotype 14) in the PCV13 group (Fig. 3c).

An overview of the safety data is shown in Table 4. The fre-
quencies of participants who reported at least one solicited reac-
tion were 36.5% (73/200) in the MenACYW-TT coadministered
with PCV13 group, 28.0% (28/100) in the MenACYW-TT

Table 2. Safety overview in participants randomised to MenACYW-TT + MMR + V and MenACYW-TT (SafAS)

Participants experiencing ≥1

MenACYW-TT + MMR + V (N = 189) MenACYW-TT (N = 94) MMR + V (N = 95)

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

Immediate unsolicited AE 0/189 0.0 (0.0–1.9) 0/94 0.0 (0.0–3.8) 0/95 0.0 (0.0–3.8)

Solicited reaction 129/189 68.3 (61.6–74.8) 72/94 76.6 (66.7–84.7) 60/95 63.2 (52.6–72.8)

Solicited injection site reaction 100/189 52.9 (45.5–60.2) 49/94 52.1 (41.6–62.5) 44/95 46.3 (36.0–56.8)

Solicited systemic reaction 88/189 46.6 (39.3–53.9) 51/94 54.3 (43.7–64.6) 41/95 43.2 (33.0–53.7)

Unsolicited AE 71/189 37.6 (30.6–44.9) 46/94 48.9 (38.5–59.5) 54/95 56.8 (46.3–67.0)

Unsolicited AR 3/189 1.6 (0.3–4.6) 1/94 1.1 (0.0–5.8) 2/95 2.1 (0.3–7.4)

AE leading to study discontinuation 0/189 0.0 (0.0–1.9) 0/94 0.0 (0.0–3.8) 0/95 0.0 (0.0–3.8)

AR leading to study discontinuation 0/189 0.0 (0.0–1.9) 0/94 0.0 (0.0–3.8) 0/95 0.0 (0.0–3.8)

SAE 6/189 3.2 (1.2–6.8) 5/94 5.3 (1.7–12.0) 2/95 2.1 (0.3–7.4)

Death 0/189 0.0 (0.0–1.9) 0/94 0.0 (0.0–3.8) 0/95 0.0 (0.0–3.8)

AE, adverse event; AR, adverse reaction; CI, confidence interval; M, number of participants with data available for the relevant endpoint; MMR, measles, mumps and rubella vaccine; n,
number of participants fulfilling the relevant endpoint; SAE, serious adverse event; SafAS, safety analysis set; V, varicella vaccine.

Fig. 2. Proportion of participants with (a) hSBA meningococcal titres ≥1:8, (b) anti-tetanus antibody concentrations ≥0.1 and 1.0 IU/ml, (c) anti-diphtheria antibody
concentrations ≥0.1 and 1.0 IU/ml, (d) anti-pertussis PT and FHA vaccine response*, (e) anti-polio 1, 2 and 3 antibody titres ≥1:8, (f) anti-Hep B antibody concen-
trations ≥10 and 100 mIU/ml, and (g) anti-PRP antibody concentrations ≥0.15 and 1.0 μg/ml at Day 30 in participants randomised to MenACYW-TT +
DTaP-IPV-HepB-Hib, MenACYW-TT and DTaP-IPV-HepB-Hib (PPAS). DTaP-IPV-HepB-Hib, diphtheria, tetanus, pertussis, polio, hepatitis B and Haemophilus influenzae
type b vaccine; FHA, filamentous haemagglutinin; hSBA, serum bactericidal antibody assay using human complement; PPAS, per-protocol analysis set; PRP,
polyribosyl-ribitol phosphate; PT, pertussis toxoid.
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group and 17.2% (17/99) in the PCV13 group. Most solicited
reactions were Grades 1 and 2 in intensity. The most commonly
reported solicited injection site reaction after MenACYW-TT or
PCV13 injection was injection site erythema (at the
MenACYW-TT site: 21.5% (43/200) in the MenACYW-TT coad-
ministered with PCV13 group and 17.0% (17/100) in the
MenACYW-TT group; and at the PCV13 site: 24.0% (48/200)
in the MenACYW-TT coadministered with PCV13 group and
8.1% (8/99) in the PCV13 group). The most commonly reported
solicited systemic reaction was irritability (13.0% (26/200) in the
MenACYW-TT coadministered with PCV13 group, 16.0%
(16/100) in the MenACYW-TT group, and 9.1% (9/99) in the
PCV13 group).

There were no immediate AEs and no participants discontin-
ued due to an AE or AR and no participant experienced an SAE.
No deaths were reported.

Discussion

When coadministered with common paediatric vaccines in
healthy toddlers, there was no clinically relevant effect on the
immunogenicity or safety of MenACYW-TT or the coadminis-
tered vaccines. This reflects the previous experience of
MenACYW-TT when coadministered with Tdap and HPV4 vac-
cines in healthy adolescents, which similarly found comparable
immunogenicity and safety profiles of MenACYW-TT and the
coadministered vaccines [24]. The immune responses observed
in the MenACYW-TT only groups from each of the four coun-
tries are comparable with the immune responses seen in another
study of MenACYW-TT in toddlers (NCT02955797) [23]. This
suggests that the MenACYW-TT immune response shows no evi-
dence of being influenced by geography or variable baseline sero-
positivity and the results can be extrapolated to other countries
with similar vaccine schedules. Additionally, since the licensed
paediatric vaccines administered in this study are broadly licensed
in many countries across the world (although sometimes with
varying brand names), the data generated in this study has rele-
vance globally; not just in the four countries where the study
was conducted.

It is important to assess the coadministration of paediatric vac-
cines as they are frequently administered together as part of child-
hood immunisation schedules to reduce the number of visits, and
improve compliance with the full immunisation schedule.
Previous evidence has suggested that there may be an interaction
between the protein conjugates in vaccines and other vaccine anti-
gens, which may alter the immunogenicity or safety of coadminis-
tered vaccines [15, 16]. However, coadministration of paediatric
vaccines with other licensed meningococcal quadrivalent vaccines
that are conjugated with either diphtheria CRM protein or tetanus
toxoid proteins has been shown to have no clinically relevant
effect on immunogenicity or safety [34–36]. This is in-line with
our findings in the current study, with no clinically relevant effect
observed on the immunogenicity or safety of the tetanus toxoid
conjugated MenACYW-TT vaccine or the coadministered
vaccines.

Vaccination with MenACYW-TT revealed no apparent safety
concerns among meningococcal-vaccine naïve toddlers aged 12–
23 months, when administered alone or concomitantly with the
licensed vaccines MMR, V, DTaP-IPV-HB-Hib, or PCV13. The
solicited reactions were mainly Grades 1 and 2, and there were
no immediate AEs, and no related SAEs or SAEs leading to
study discontinuation. The concomitant licensed vaccines
MMR, V, DTaP-IPV-HB-Hib or PCV13 were also found to be
well-tolerated when co-administered with MenACYW-TT, with
comparable safety profiles. The rates of solicited injection site
and systemic reactions tended to be higher when PCV13 was
given with MenACYW-TT; however, those rates, including rates
of Grade 3 reactions, were low.

Lower rates of AEs were reported across all vaccine groups in
participants from the Russian Federation as compared to the
other countries. A similar observation has been reported in a
trial conducted with another quadrivalent meningococcal conju-
gate vaccine [37]. It is not possible to speculate the exact reason
(s) for such a difference, but this observation may be influenced
by the environment and the cultural differences in medical prac-
tice in the Russian Federation vs. the other countries, and as this
study does not compare results across countries this disparity
should not affect the conclusions drawn here.

Table 3. Safety overview in participants randomised to MenACYW-TT + DTaP-IPV-HepB-Hib, MenACYW-TT and DTaP-IPV-HepB-Hib (SafAS)

Participants experiencing ≥1

MenACYW-TT +
DTaP-IPV-HepB-Hib (N = 200) MenACYW-TT (N = 100) DTaP-IPV-HepB-Hib (N = 100)

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

Immediate unsolicited AE 0/200 0.0 (0.0–1.8) 0/100 0.0 (0.0–3.6) 0/100 0.0 (0.0–3.6)

Solicited reaction 133/191 69.6 (62.6–76.1) 57/98 58.2 (47.8–68.1) 75/95 78.9 (69.4–86.6)

Solicited injection site reaction 111/191 58.1 (50.8–65.2) 32/98 32.7 (23.5–42.9) 62/95 65.3 (54.8–74.7)

Solicited systemic reaction 98/191 51.3 (44.0–58.6) 49/98 50.0 (39.7–60.3) 48/95 50.5 (40.1–60.9)

Unsolicited AE 86/200 43.0 (36.0–50.2) 45/100 45.0 (35.0–55.3) 46/100 46.0 (36.0–56.3)

Unsolicited AR 2/200 1.0 (0.1–3.6) 0/100 0.0 (0.0–3.6) 0/100 0.0 (0.0–3.6)

AE leading to study discontinuation 0/200 0.0 (0.0–1.8) 1/100 1.0 (0.0–5.4) 0/100 0.0 (0.0–3.6)

AR leading to study discontinuation 0/200 0.0 (0.0–1.8) 0/100 0.0 (0.0–3.6) 0/100 0.0 (0.0–3.6)

SAE 0/200 0.0 (0.0–1.8) 0/100 0.0 (0.0–3.6) 1/100 1.0 (0.0–5.4)

Death 0/200 0.0 (0.0–1.8) 0/100 0.0 (0.0–3.6) 0/100 0.0 (0.0–3.6)

AE, adverse event; AR, adverse reaction; CI, confidence interval; DTaP-IPV-HepB-Hib, diphtheria, tetanus, pertussis, polio, hepatitis B and Haemophilus influenzae type b vaccine; M, number of
participants with data available for the relevant endpoint; n, number of participants fulfilling the relevant endpoint; SAE, serious adverse event; SafAS, safety analysis set.
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A lower hSBA GMT for serogroup A was observed when
MenACYW-TT vaccine was co-administered with PCV13 vaccine
compared to when MenACYW-TT vaccine was administered
alone in the Russian Federation. This observation was not seen

when the data were analysed using seroprotection rates (post-
vaccination hSBA titres ≥1:8) which were high in both groups,
or when responses were evaluated using the rSBA assay. Since
the observation was limited to only hSBA GMTs, and not seen

Fig. 3. Proportion of participants with (a) hSBA meningococcal titres ≥1:8, and anti-pneumococcal antibody concentrations (b) ≥0.35 μg/ml and (c) ≥1.0 μg/ml to
serotypes 1, 3, 4, 5, 6A, 6B, 7F, 9V, 14, 18C, 19A, 19F and 23F at Day 30 in participants randomised to MenACYW-TT + PCV13, MenACYW-TT and PCV13 (PPAS). hSBA,
serum bactericidal antibody assay using human complement; PCV13, pneumococcal conjugate vaccine; PPAS, per-protocol analysis set.
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with any other endpoint (with either hSBA or rSBA), these data
have minimal clinical significance. A similar observation where
the rSBA GMT for serogroup A only has been reported to be
lower upon co-administration of another quadrivalent meningo-
coccal vaccine with PCV13 has been documented [38].

Due to the higher risk for IMD in infants and children <5
years of age and the high morbidity and mortality of IMD, not-
withstanding antimicrobial treatment, meningococcal vaccines
are often included in childhood vaccination programmes [1–3,
10, 14]. The incidence of IMD due to serogroup C has been
reduced in many regions through the inclusion of monovalent
C vaccines in childhood vaccination programmes [39–41].
However, given the recent increases in cases of IMD due to ser-
ogroups W and Y in various regions, the inclusion of quadrivalent
meningococcal vaccines into vaccination programmes is becom-
ing increasingly common in order to try to limit IMD cases
[1, 3, 9–14].

There are a number of limitations to this study. While this
study assessed the coadministration of several different paediatric
vaccines, as is relevant to different vaccination schedules, the
number of participants in each group were consequently small
and it was designed as a descriptive study only, and not powered
to make statistical comparisons between the groups. The choice of
concomitant vaccines in this study, however, will provide the
opportunity for these results to be extrapolated to other countries
where similar vaccines are used. Finally, due to the design of this
study, the participants and the vaccinating study staff were
unblinded to the vaccines administered; however, the laboratory
staff conducting the immunogenicity assays were kept blinded
to group allocation.

MenACYW-TT was safe and immunogenic when coadminis-
tered with MMR and varicella vaccines, DTaP-IPV-HepB-Hib
vaccine, or PCV13 vaccine in healthy toddlers aged 12–23
months. This will facilitate the introduction of MenACYW-TT
into paediatric vaccination schedules, as it can be co-administered
with other routine childhood vaccines used in several national
immunisation programmes around the world.

Supplementary material. The supplementary material for this article can
be found at https://doi.org/10.1017/S0950268821000698.
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