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Background: We evaluated the immunogenicity and safety of 1 and 2 doses of quadrivalent meningococ-
cal serogroup A, C, W and Y tetanus toxoid-conjugate vaccine (MenACWY-TT) given alone or co-
administered with 13-valent pneumococcal conjugate vaccine (PCV13) in toddlers.
Methods: In this phase III, open-label, controlled, multicentre study (NCT01939158), healthy toddlers
aged 12–14 months were randomised into 4 groups to receive 1 dose of MenACWY-TT at month (M) 0
(ACWY_1), 2 doses of MenACWY-TT at M0 and M2 (ACWY_2), MenACWY-TT and PCV13 at M0 (Co-
ad), or PCV13 at M0 and MenACWY-TT at M2 (PCV13/ACWY). Immune responses were assessed 1 month
post-each vaccination. Solicited and unsolicited symptoms were recorded for 4 and 31 days post-each
vaccination, respectively; serious adverse events (SAEs) and new onset of chronic illnesses (NOCIs) up
to M9 from first vaccination.
Results: 802 toddlers were vaccinated. Post-dose 1 of MenACWY-TT, �92.8% of toddlers had rSBA titres
�1:8, and �62.5% had hSBA titres �1:4 for each meningococcal serogroup. Post-dose 2 of MenACWY-
TT, rSBA titres �1:8 were observed in �98.0% and hSBA titres �1:4 in �95.3% of toddlers. Percentages
of toddlers with hSBA titres �1:4 were higher after 2 doses versus 1 dose of MenACWY-TT for MenW
(97.1% versus 62.5–68.9%) and MenY (95.3% versus 64.3–67.6%). Non-inferiority of immune responses
to co-administered MenACWY-TT and PCV13 over their separate administration was demonstrated.
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AEs incidence was comparable among groups. SAEs were reported for 4.9%, 5.1%, 5.5% and 7.5%, and
NOCIs for 2.0%, 3.0%, 0.5% and 3.5% of toddlers in the ACWY_1, ACWY_2, Co-ad and PCV13/ACWY groups,
respectively; 4 SAEs reported in 3 toddlers were vaccine-related. Two fatal vaccine-unrelated SAEs were
reported.
Conclusion: MenACWY-TT was immunogenic when administered as a single dose at 12–14 months of
age. A second dose in toddlers increased hSBA responses against MenW and MenY. MenACWY-TT and
PCV13 can be co-administered without impairing the immunogenicity or safety profile of either vaccine.
� 2018 GlaxoSmithKline Biologicals SA. Published by Elsevier Ltd. This is an open access article under the

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

Invasive meningococcal disease and meningococcal meningitis
caused by Neisseria meningitidis have their highest incidence in
infants, with a second peak in adolescents and young adults
[1,2]. The most important disease-causing serogroups are
meningococcal serogroups A (MenA), MenB, MenC, MenW and
MenY. Their prevalence varies geographically, with MenB, MenC
and MenY being more prominent in the Americas and Europe,
MenA and MenC in Asia, and MenA, MenC and MenW in Africa
[3]. Increases in MenW incidence have been reported recently in
the United Kingdom, South America and Australia [4–7].

Meningococcal infections can be prevented through vaccination
[2,8]. Three quadrivalent meningococcal conjugate vaccines are
currently available, using (i) diphtheria toxoid (Menactra, Sanofi
Pasteur), (ii) non-toxic diphtheria cross-reacting mutant CRM197

(MenACWY-CRM197; Menveo, GSK) or (iii) tetanus toxoid
(MenACWY-TT; Nimenrix, Pfizer) as carrier proteins. MenACWY-
TT has been approved for use as a single dose in individuals as of
12 months of age in Europe and Canada [9,10].

Previous studies have shown that a single dose of MenACWY-TT
is immunogenic with a clinically acceptable safety profile in infants
[11], toddlers and children [12–16], and persistence of the immune
response was observed up to 5 years post-vaccination [17–21].
However, data suggest that protection against MenW and MenY
in toddlers who received their first dose of MenACWY-TT at 9
months might be improved by administration of a second dose at
12 months of age [12].

This study investigates the short-term (at 1 month post-
vaccination) and long-term (at 1, 3, and 5 years post-vaccination)
immune responses induced by 1 or 2 doses of MenACWY-TT in tod-
dlers. The study long-term follow-up is ongoing; here, we report
the short-term immunogenicity and safety data up to 9 months
post-first vaccination. Since the recommended timing of vaccina-
tion could coincide with the administration of a booster dose of
pneumococcal conjugate vaccine (PCV), according to paediatric
immunisation programmes worldwide, we also aimed to deter-
mine whether co-administration of MenACWY-TT with the booster
dose of the 13-valent PCV (PCV13; Prevnar/Prevenar 13, Pfizer)
impacted the immunogenicity or safety of either of the vaccines.
2. Methods

2.1. Study design and participants

This phase III, randomised, open-label, controlled, multicentre
study was conducted in Australia, Canada, Czech Republic, Panama,
South Africa and Turkey. The study interventions were performed
in the vaccination phase (October 2013 to February 2015) lasting
up to 3 months from first vaccination. A 6 M extended safety
follow-up was completed in August 2015.

Participants were healthy 12–14-month-olds at the time of first
vaccination, with documented receipt of the full primary series of
PCV13 and diphtheria, tetanus and pertussis-containing vaccines
according to local recommendations at least 5 months prior to
enrolment.

Toddlers were randomised (1:1:1:1) into 4 groups to receive 1
dose of MenACWY-TT at month [M] 0 (ACWY_1 group), 2 doses
of MenACWY-TT at M0 and M2 (ACWY_2 group), 1 dose of
MenACWY-TT co-administered with PCV13 at M0 (Co-ad group),
or 1 dose of PCV13 at M0 and 1 dose of MenACWY-TT at M2
(PCV13/ACWY group).

Randomisation was performed using a web-based system, with
a minimisation algorithm accounting for centre, country and num-
ber of PCV13 doses (2 or 3, received before study start) with equal
weight. The open-label design was imposed by differences in the
vaccines’ appearance and vaccination schedules for each group,
but the personnel in charge of laboratory testing were blinded to
treatment.

One 0.5 mL-dose of MenACWY-TT contained 5 lg of each MenA,
MenC, MenW and MenY polysaccharide conjugated to TT (total TT
content �44 lg). PCV13 composition was previously described
[22]. At each vaccination, a 0.5 mL dose was administered intra-
muscularly in the left (MenACWY-TT) or right (PCV13) anterolat-
eral thigh or deltoid.

The study was conducted in agreement with the Declaration of
Helsinki and the principles of Good Clinical Practice. Written
informed consent was obtained from parents/legally acceptable
representatives prior to enrolment. The study protocol, amend-
ments and informed consent forms were approved by independent
ethics committees at each site. The study is registered at
www.clinicaltrials.gov (NCT01939158) and a protocol summary
is available at https://www.gsk-clinicalstudyregister.com
(116892).
2.2. Objectives

The immunogenicity of 1 or 2 doses of MenACWY-TT was com-
pared at 1 month following last vaccination, in terms of serum bac-
tericidal activity using rabbit complement (rSBA) titres. Evaluation
of the persistence of the immune response at years 1, 3 and 5 is still
ongoing (exploratory primary objective). The same comparisons
were performed in terms of serum bactericidal activity using
human complement (hSBA) titres.

The non-inferiority of co-administration of MenACWY-TT and
PCV13 versus administration of either MenACWY-TT or PCV13
alone was evaluated at 1 month following last vaccination with
MenACWY-TT and PCV13, respectively (confirmatory primary
objectives).

Other secondary objectives evaluated the immunogenicity,
reactogenicity and safety of the study vaccines in all groups.
2.3. Assessments

Blood samples (�5 mL) were collected from toddlers at pre-
vaccination, and 1 month post-each vaccination. Immune
responses to MenACWY-TT were evaluated using rSBA and hSBA
assays [23] and to PCV13 antigens by both 22F-inhibition
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enzyme-linked immunosorbent assay [24] and opsonophagocytic
activity assay [25], as detailed in Table S1. Thresholds of rSBA titres
�1:8 and hSBA titres �1:4 have been previously associated with
seroprotection against MenC [23,26,27], and were applied to all 4
serogroups in this study [26,27].

Parents recorded solicited local and general symptoms during a
4-day (days 0–3) and unsolicited adverse events (AEs) during a 31-
day (days 0–30) post-vaccination period, using diary cards. The
occurrence of new onset of chronic illnesses and serious AEs (SAEs)
were reported during the entire extended safety follow-up.
Vaccine-related SAEs will continue to be recorded throughout the
study.

2.4. Statistical analyses

Eight hundred toddlers were planned to be enrolled (200 per
group) to achieve a sample size of 160 evaluable children in each
group. The power to assess the confirmatory objectives, calculated
based on rSBA response rates previously observed for MenACWY-
TT in toddlers [14], was �99%.

Immunogenicity analyses were performed on the according-to-
protocol cohorts at each timepoint, which included all evaluable
vaccinated toddlers for whom immunogenicity results were avail-
able. Immune responses for some vaccine antigens were evaluated
in subsets of participants (Table S1).

The confirmatory objectives were assessed hierarchically: the
first objective had to be met to demonstrate the second one. Co-
administration of MenACWY-TT and PCV13 was considered non-
inferior to administration of MenACWY-TT alone if the lower limit
(LL) of the 2-sided 95% confidence interval (CI) for the difference
between the Co-ad group and the ACWY_pooled group (pooled
ACWY_1 and ACWY_2 data) in the percentage of toddlers with
rSBA titres �1:8 at M1 was ��10% for each meningococcal ser-
ogroup. Co-administration of PCV13 and MenACWY-TT was con-
sidered non-inferior to administration of PCV13 alone if the LL of
the 95% CI for the geometric mean concentration (GMC) ratio
between the Co-ad group and the PCV13 group was �0.5 for each
vaccine serotype.

Immune responses in the ACWY_2 group (at M3) and the
ACWY_1 group (at M1) were compared in exploratory analyses
(Text S1). Details on computing GMTs/GMCs and other derived
data are provided in Text S1.

Safety analyses were conducted on the total vaccinated cohort,
including toddlers who received �1 study vaccine dose.

All analyses were performed using the Statistical Analysis Sys-
tem software (SAS Institute Inc., Cary, United States).
3. Results

3.1. Demographics

A total of 804 toddlers were enrolled and 802 (167 in Australia,
137 in Canada, 206 in the Czech Republic, 29 in Panama, 204 in
South Africa and 59 in Turkey) were included in the total vacci-
nated cohort (Fig. 1). The groups were well-balanced in terms of
age, gender and geographic distribution (Table 1).

3.2. Immunogenicity

3.2.1. Immunogenicity of 1 or 2 doses of MenACWY-TT
One month post-dose 1, percentages of toddlers with rSBA titres

�1:8 in the ACWY_1 and ACWY_2 groups were �96.8% for MenA,
�95.0% for MenC, �94.9% for MenW and �92.8% for MenY. In both
groups, rSBA GMTs increased �271.3-, �87.9-, �461.4-, and
�179.5-fold from pre-vaccination levels for MenA, MenC, MenW
and MenY respectively. One month post-dose 2, 98.0%, 98.7%,
100% and 99.3% of toddlers in the ACWY_2 group had rSBA titres
�1:8 and rSBA GMTs increased 250.3-, 152.2-, 803.0-, and 218.0-
fold from pre-vaccination levels for MenA, MenC, MenW and
MenY, respectively (Table 2).

One month post-dose 1, percentages of toddlers with hSBA
titres �1:4 in the ACWY_1 and ACWY_2 groups were �96.0% for
MenA, �95.7% for MenC, �62.5% for MenW and �64.3% for MenY,
with GMTs increasing �49.2-, �69.0-, �12.5- and �12.8-fold from
pre-vaccination levels, respectively. Post-dose 2, percentages of
toddlers with hSBA titres �1:4 in the ACWY_2 group were 97.0%,
100%, 97.1% and 95.3%, and hSBA GMTs increased 65.6-, 876.7-,
378.4- and 205.2-fold from pre-vaccination levels, for MenA, MenC,
MenW and MenY, respectively (Table 3).

In exploratory analyses, higher values were observed in the
ACWY_2 group (at M3) than in the ACWY_1 group (at M1) for per-
centages of participants with rSBA/hSBA titres above the pre-
specified cut-offs for MenW and MenY, and for GMTs for MenC,
MenW (both rSBA and hSBA) and MenY (hSBA) (Table S2).

Percentages of toddlers with rSBA titres �1:128 and hSBA titres
�1:8 for each serogroup are presented in Table S3.

3.2.2. Co-administration of MenACWY-TT and PCV13
One month post-dose 1, the LLs of the 95% CIs for the differ-

ences between the Co-ad and pooled ACWY_1 and ACWY_2 groups
in percentages of toddlers with post-vaccination rSBA titres �1:8
ranged between�9.16 and �3.59 for all meningococcal serogroups
(Table S4). Therefore, non-inferiority of the immune response to
MenACWY-TT when co-administered with PCV13 versus
MenACWY-TT given alone was demonstrated.

For each PCV13 serotype, the LLs of the 95% CIs for the GMC
ratios between the Co-ad and the PCV13 group ranged between
0.87 and 1.03 (Table S5). Thus, immune response to PCV13 when
co-administered with MenACWY-TT was non-inferior to PCV13
administered alone.

One month post-vaccination with MenACWY-TT, percentages of
toddlers with rSBA titres �1:8 ranged from 90.0% to 96.1% in the
Co-ad group and from 95.3% to 97.1% in the PCV13/ACWY group
(Table 2). Exploratory comparisons showed comparable rSBA
GMTs for MenA and MenC between the Co-ad and PCV13/ACWY
groups, whereas higher MenW and MenY GMTs were observed in
the PCV13/ACWY group than in the Co-ad group (data not shown).

One month post-vaccination with PCV13, for each vaccine sero-
type, percentages of toddlers with antibody concentrations �0.35
lg/ml ranged between 79.0% and 100%, and antibody GMCs were
comparable among the Co-ad and PCV13/ACWY groups (Table 4,
Table S5). For each PCV13 serotype, except serotype 3, �99.4%
and �98.3% of toddlers had antibody concentrations �0.15 and
�0.26 lg/ml, respectively (Table S6). Percentages of toddlers with
opsonophagocytic activity assay titres �1:8 ranged from 90.7% to
100% in both groups (Table 4).

3.3. Safety

Following MenACWY-TT administration, the most common
local symptom was redness, reported in 34.2%, 37.4% and 37.1%
of toddlers in the ACWY_1, ACWY_2 and Co-ad groups, respec-
tively, post-dose 1, and 33.9% of toddlers in group ACWY_2, post-
dose 2. Redness was also the most frequent symptom following
PCV13 vaccination, reported in 44.4% of toddlers in the Co-ad
group and 45.9% in the PCV13/ACWY group. Grade 3 symptoms
were reported in �5.1% of toddlers (Fig. 2A).

The most frequent solicited general symptom was irritability/-
fussiness, reported in 44.7%, 47.7%, 54.3% and 43.4% of toddlers
in the ACWY_1, ACWY_2, Co-ad and PCV13 groups, respectively,
post-dose 1, and 40.2% and 35.1% of toddlers in the ACWY_2 and



Table 1
Demographic characteristics of toddlers (total vaccinated cohort).

ACWY_1 ACWY_2 Co-ad PCV13/ACWY
N = 203 N = 197 N = 201 N = 201

Mean age at first vaccination (SD), months 12.8 (0.9) 12.8 (0.9) 12.8 (0.9) 12.7 (0.9)
Female, n (%) 94 (46.3) 85 (43.1) 98 (48.8) 98 (48.8)
Geographic ancestry, n%
White-Caucasian/European Heritage 135 (66.5) 127 (64.5) 135 (67.2) 133 (66.2)
African Heritage/African American 33 (16.3) 33 (16.8) 31 (15.4) 30 (14.9)
Other 34 (16.7) 34 (17.3) 29 (14.4) 33 (16.4)

ACWY_1, participants who received 1 dose of MenACWY-TT at Month 0; ACWY_2, participants who received 2 doses of MenACWY-TT at Month 0 and Month 2; Co-ad,
participants who received one dose of MenACWY-TT and one dose of PCV13 at Month 0; PCV13/ACWY, participants who received one dose of PCV13 at Month 0 and one dose
of MenACWY-TT at Month 2; N, number of participants with available results; SD, standard deviation; n (%), number (percentage) of participants in a given category.

Fig. 1. Flow of participants. ACWY_1, participants who received 1 dose of MenACWY-TT at Month 0; ACWY_2, participants who received 2 doses of MenACWY-TT at Month 0
and Month 2; Co-ad, participants who received 1 dose of MenACWY-TT and 1 dose of PCV13 at Month 0; PCV13/ACWY, participants who received 1 dose of PCV13 at Month 0
and 1 dose of MenACWY-TT at Month 2; N, number of children in each group; ATP, according-to-protocol; AE, adverse event; ESFU, extended safety follow-up; SAE, serious
adverse event.
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PCV13 groups, respectively, post-dose 2. General symptoms had
comparable incidences among the 4 groups, and grade 3 symptoms
were reported in �6.6% of toddlers (Fig. 2B).

Following first vaccination, �1 unsolicited AE was reported in
42.3–46.2% and �1 grade 3 AE in 7.4–8.0% of participants in the
4 groups. For 5.4–7.6% of participants across all groups, the AEs
were considered causally related to vaccination, with diarrhoea,
vomiting, pyrexia, rash and bruise at injection site being the most
common. Following second vaccination, �1 unsolicited AE was
reported in 34.5% and 30.3% and �1 grade 3 unsolicited AE in
7.1% and 5.5% of toddlers in the ACWY_2 and PCV13/ACWY groups,
respectively. Vaccine-related AEs were reported in 4.6% and 2.5% of
participants in the ACWY_2 and PCV13/ACWY groups, respectively,
with diarrhoea and vomiting being the most common.

Up to M9, 10 (4.9%) toddlers in the ACWY_1 group, 10 (5.1%) in
the ACWY_2 group, 11 (5.5%) in the Co-ad group, and 15 (7.5%) in
the PCV13/ACWY group experienced �1 SAE. Four SAEs were con-
sidered related to vaccination: leukopenia and neutropenia (2 days
post-dose 1) and pneumonia (169 days post-dose 2) for 2 toddlers
in the ACWY_2 group, and pneumonia (45 days post-vaccination)
for a toddler in the Co-ad group; all were resolved by M9. Two fatal
SAEs were reported: 1 toddler in the Co-ad group died due to
asphyxiation (121 days post-vaccination) and another in the
PCV13/ACWY group due to aspiration of food (26 days post-
vaccination with PCV13). Neither death was considered to be cau-
sally related to vaccination.

Up to M9, new onset of chronic illnesses were reported in 4
(2.0%), 6 (3.0%), 1 (0.5%) and 7 (3.5%) toddlers in the ACWY_1,
ACWY_2, Co-ad and PCV13/ACWY groups, respectively. Eczema
and asthma were the most commonly reported symptoms.
4. Discussion

This study demonstrated that 1 or 2 doses of MenACWY-TT
were immunogenic in toddlers. After 1 dose, �92.8% of toddlers
had rSBA titres�1:8 for each meningococcal serogroup. rSBA GMTs
and, to a lesser extent, hSBA GMTs increased markedly compared
with pre-vaccination levels. A second dose administered after 2
months elicited comparable rSBA and hSBA immune responses,
with the vast majority of toddlers having titres indicative of pro-
tection and substantial increases in GMTs from pre-vaccination
levels. Co-administration of MenACWY-TT and PCV13 in toddlers
did not impact the immunogenicity or safety profile of either
vaccine.

After 1 dose of MenACWY-TT, immune responses as measured
by rSBA were higher than those assessed by hSBA, in line with pre-
vious observations in toddlers [12,21]. A recent study comparing
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MenACWY-TT and MenACWY-CRM in 12–15-month-olds also
found more prominent rSBA than hSBA responses following
administration of either vaccine [28]. Although hSBA titres are
believed to underestimate complement-mediated killing of some
N. meningitidis strains [29], both assays are currently used to eval-
uate meningococcal vaccines for licensure purposes.

Higher hSBA responses to MenA and MenC than to MenY and
MenW have been previously reported following vaccination with
MenACWY-TT in toddlers [12,21] and infants [11] or MenACWY-
CRM in toddlers [30,31]. This difference is not fully understood,
but it was no longer observed in our study after administration of
the secondMenACWY-TT dose, similarlywith previous reports [12].

Following the second MenACWY-TT dose, �98.0% of toddlers
had rSBA titres �1:8 and �95.3% hSBA titres �1:4. Moreover,
robust increases in GMTs from pre-vaccination levels were noted,
in line with previous observations in toddlers [12]. Exploratory
analyses showed that for MenW and MenY, percentages of toddlers
with rSBA and hSBA titres indicative of protection and hSBA GMTs
were higher following 2 doses compared to 1 dose of MenACWY-
TT. This suggests that a 2-dose regimen may substantially improve
short-term immune responses to these serogroups. Higher per-
centages of toddlers with MenC, MenW and MenY hSBA titres
�1:4 and higher hSBA GMTs were previously reported following
vaccination with 2 doses versus 1 dose of MenACWY-TT [12]. In
the persistence study, differences in terms of percentages of chil-
dren with MenW hSBA titres �1:4 were also significant at 5 years,
but not at 3 years post-vaccination, with no significant differences
observed for the other serogroups [17]. Our study is still ongoing to
evaluate the persistence of responses to 1 or 2 doses of MenACWY-
TT beyond 1 year post-vaccination.

Our study demonstrated the non-inferiority of the immune
responses to MenACWY-TT and PCV13 when co-administered ver-
sus their separate administration in toddlers. This is in line with
previous studies showing that MenACWY-TT can be co-
administered with other routine paediatric vaccines [14,16] or
with 10-valent PCV (PHiD-CV) [32] in the second year of life. While
lower responses to serotype 18C were previously observed when
MenACWY-TT was co-administered with PHiD-CV compared with
PHiD-CV alone [32], this was not observed with PCV13. A potential
explanation for this difference could be the reduced polysaccharide
responses induced by multivalent conjugate vaccines using TT as
carrier protein compared with CRM197 since the capsular polysac-
charide of serotype 18 is conjugated to TT in PHiD-CV and CRM197

in PCV13 [33]. However, an enhancement of the immune response,
especially for MenC and MenY, was observed for co-administration
of MenACWY-TT with other TT-conjugate vaccines, potentially
attributed to the higher quantity of TT [14,34].

The incidence of AEs observed in our study following vaccina-
tion with MenACWY-TT was similar to that previously reported
in toddlers [21]. The overall incidence of AEs following co-
administration of MenACWY-TT with PCV13 was comparable to
that following separate administration, as observed in this and pre-
vious studies [10,35]. Therefore, the safety profiles of either vac-
cine was not impacted by co-administration. The incidence of
local AEs was generally lower following MenACWY-TT compared
to PCV13 vaccination, despite the higher content of carrier protein
in MenACWY-TT. No increase in the incidence of AEs was observed
after the administration of a second MenACWY-TT dose, which
supports the tolerability of a 2-dose schedule in toddlers.

The main strength of this study is that it allows the comparison
of 1- and 2-dose MenACWY-TT regimens in toddlers. Non-
inferiority endpoints were assessed with sufficient power.
Meningococcal antibody persistence will continue to be evaluated
at subsequent timepoints. Study limitations include the fact that
the 2-dose schedule of MenACWY-TT co-administered with
PCV13 was not assessed. In addition, the open-label design might



Table 3
Percentage of toddlers with hSBA titres �1:4, and hSBA geometric mean titres against the 4 meningococcal serogroups (adapted ATP cohort for immunogenicity).

ACWY_1 ACWY_2

N %
(95% CI)

GMT
(95% CI)

N %
(95% CI)

GMT
(95% CI)

MenA
M0 78 7.7

(2.9–16.0)
2.4
(2.1–2.8)

62 9.7
(3.6–19.9)

2.6
(2.1–3.2)

M1 74 95.9
(88.6–99.2)

118.0
(86.8–160.5)

66 97.0
(89.5–99.6)

132.9
(98.1–180.1)

M3 – – 66 97.0
(89.5–99.6)

170.5
(126.2–230.2)

MenC
M0 82 3.7

(0.8–10.3)
2.2
(2.0–2.4)

66 0.0
(0.0–5.4)

2.0
(2.0–2.0)

M1 78 98.7
(93.1–100)

151.9
(104.8–220.4)

70 97.1
(90.1–99.7)

160.8
(109.8–235.5)

M3 – 69 100
(94.8–100)

1753.3
(1278.7–2404.2)

MenW
M0 73 1.4

(0.0–7.4)
2.2
(1.8–2.6)

62 0.0
(0.0–5.8)

2.0
(2.0–2.0)

M1 72 62.5
(50.3–73.6)

27.5
(16.1–46.8)

61 68.9
(55.7–80.1)

26.2
(16.0–43.0)

M3 – – 70 97.1
(90.1–99.7)

756.8
(550.1–1041.3)

MenY
M0 65 6.2

(1.7–15.0)
2.5
(2.0–3.1)

60 8.3
(2.8–18.4)

2.5
(2.1–3.0)

M1 71 67.6
(55.5–78.2)

41.2
(23.7–71.5)

56 64.3
(50.4–76.6)

31.9
(17.6–57.9)

M3 – – 64 95.3
(86.9–99.0)

513.0
(339.4–775.4)

hSBA, human complement serum bactericidal antibody assay; ACWY_1, toddlers who received 1 dose of MenACWY-TT at month 0; ACWY_2, toddlers who received 2 doses of
MenACWY-TT at month 0 and month 2; Co-ad, toddlers who received 1 dose of MenACWY-TT and 1 dose of PCV13 at month 0; PCV13/ACWY, toddlers who received 1 dose of
PCV13 at month 0 and 1 dose of MenACWY-TT at month 2; ATP, according-to-protocol; N, number of toddlers with available results; %, percentage of toddlers with hSBA
titres above the specified cut-off; CI, confidence interval; GMT, geometric mean titre; M, month.
Note: Analysis were carried out on the ATP cohort for immunogenicity post-dose 1 for M0 and M1, and the ATP cohort for immunogenicity post-dose 2 for the M3
timepoint.
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have biased the reporting of AE towards increasing frequencies in
the Co-ad group. Finally, the results of exploratory analyses pre-
sented in this manuscript should be interpreted cautiously as they
were performed without accounting for multiplicity.

5. Conclusions

Vaccination with either 1 or 2 doses of MenACWY-TT in tod-
dlers elicited robust short-term immune responses to all ser-
ogroups, with substantial increases in GMTs from pre-vaccination
levels after each vaccination. Further follow-up will allow to deter-
mine if the higher responses for MenW and MenY observed after
the second dose result in improved antibody persistence.

MenACWY-TT and PCV13 can be co-administered without
impairing the immunogenicity or safety profile of either vaccine.
The implementation of co-administered MenACWY-TT and
PCV13 vaccinations in paediatric immunisation programmes could
be warranted, as the reduced number of visits might lead to higher
compliance and an improved uptake and coverage for both
vaccines.
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Table 4
Percentage of toddlers with ELISA antibody concentrations �0.35 lg/ml and antibody geometric mean concentrations, and OPA titres �1:8 and OPA geometric mean titres against
the PCV13 serotypes, at 1 month post-vaccination with PCV13 (ATP cohort for immunogenicity).

ELISA assessments OPA assessments

Group N %
(95% CI)

GMC
(95% CI)

N %
(95% CI)

GMT
(95% CI)

1 Co-Ad 162 99.4
(96.6–100)

2.94
(2.56–3.36)

81 93.8
(86.2–98.0)

116.1
(83.8–160.7)

PCV13/ACWY 171 98.2
(95.0–99.6)

2.62
(2.27–3.01)

86 90.7
(82.5–95.9)

106.1
(77.0–146.2)

3 Co-Ad 151 83.4
(76.5–89.0)

0.80
(0.69–0.91)

76 98.7
(92.9–100)

137.6
(106.4–178.0)

PCV13/ACWY 162 79.0
(71.9–85.0)

0.71
(0.62–0.81)

80 100
(95.5–100)

122.0
(100.6–147.9)

4 Co-Ad 163 96.9
(93.0–99.0)

2.46
(2.14–2.83)

77 100
(95.3–100)

2195
(1660–2902)

PCV13/ACWY 172 97.1
(93.3–99.0)

1.96
(1.69–2.26)

80 100
(95.5–100)

2210
(1735–2815)

5 Co-Ad 163 98.8
(95.6–99.9)

2.09
(1.84–2.37)

81 100
(95.5–100)

452.3
(360.4–567.5)

PCV13/ACWY 172 94.8
(90.3–97.6)

1.67
(1.46–1.91)

87 100
(95.8–100)

404.6
(319.1–512.9)

6A Co-Ad 163 99.4
(96.6–100)

8.59
(7.50–9.85)

81 100
(95.5–100)

10177
(7785–13305)

PCV13/ACWY 171 100
(97.9–100)

7.28
(6.33–8.37)

88 100
(95.9–100)

7354
(5707–9476)

6B Co-Ad 161 99.4
(96.6–100)

7.36
(6.33–8.55)

75 100
(95.2–100)

4952
(3734–6567)

PCV13/ACWY 171 99.4
(96.8–100)

6.68
(5.70–7.83)

78 100
(95.4–100)

3881
(3056–4930.)

7F Co-Ad 163 99.4
(96.6–100)

5.14
(4.49–5.88)

81 100
(95.5–100)

8957
(7306–10982)

PCV13/ACWY 172 100
(97.9–100)

4.81
(4.23–5.47)

87 100
(95.8–100)

8526
(6926–10497)

9 V Co-Ad 163 99.4
(96.6–100)

2.03
(1.78–2.30)

81 100
(95.5–100)

3375.5
(2539.6–4486.6)

PCV13/ACWY 172 97.7
(94.2–99.4)

1.79
(1.59–2.03)

88 100
(95.9–100)

2332
(1766–3080)

14 Co-Ad 161 100
(97.7–100)

13.10
(11.38–15.07)

73 100
(95.1–100)

3444
(2453–4834)

PCV13/ACWY 172 99.4
(96.8–100)

11.94
(10.43–13.66)

78 100
(95.4–100)

3158
(2445–4078)

18C Co-Ad 163 98.8
(95.6–99.9)

2.53
(2.19–2.92)

81 100
(95.5–100)

3881
(2947–5111)

PCV13/ACWY 172 99.4
(96.8–100)

2.13
(1.84–2.47)

88 100
(95.9–100)

3290
(2514–4306)

19A Co-Ad 162 100
(97.7–100)

9.60
(8.41–10.97)

81 100
(95.5–100)

3362
(2640–4283)

PCV13/ACWY 170 100
(97.9–100)

8.62
(7.53–9.87)

88 100
(95.9–100)

2494
(1987–3132)

19F Co-Ad 162 100
(97.7–100)

8.40
(7.33–9.62)

81 98.8
(93.3–100)

1795
(1306–2469)

PCV13/ACWY 172 100
(97.9–100)

7.98
(6.96–9.15)

88 100
(95.9–100)

1648
(1288–2108)

23F Co-Ad 161 99.4
(96.6–100)

5.33
(4.57–6.21)

77 98.7
(93.0–100)

7756
(5451–11035)

PCV13/ACWY 169 99.4
(96.7–100)

4.47
(3.83–5.23)

80 98.8
(93.2–100)

5677
(4255–7575)

ACWY_1, toddlers who received 1 dose of MenACWY-TT at month 0; ACWY_2, toddlers who received 2 doses of MenACWY-TT at month 0 and month 2; Co-ad, toddlers who
received 1 dose of MenACWY-TT and 1 dose of PCV13 at month 0; PCV13/ACWY, toddlers who received 1 dose of PCV13 at month 0 and 1 dose of MenACWY-TT at month 2;
ELISA, enzyme-linked immunosorbent assay; OPA, opsonophagocytic activity; ATP, according-to-protocol; N, number of toddlers with available results; %, percentage of
toddlers with antibody concentrations/titres above the specified threshold; GMC, geometric mean concentration; CI, confidence interval; GMT, geometric mean titre.
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Fig. 2. Percentage of toddlers with reported solicited local (A) and general (B) symptoms (total vaccinated cohort). ACWY_1, toddlers who received 1 dose of MenACWY-TT at
month 0; ACWY_2, toddlers who received 2 doses of MenACWY-TT at month 0 and month 2; Co-ad, toddlers who received 1 dose of MenACWY-TT and 1 dose of PCV13 at
month 0; PCV13/ACWY, toddlers who received 1 dose of PCV13 at month 0 and 1 dose of MenACWY-TT at month 2. Note: Grade 3 symptoms were defined as ‘‘cries when
limb is moved/spontaneously painful” for pain, ‘‘surface >30 mm” for redness and swelling, ‘‘not eating at all” for loss of appetite, ‘‘rectal temperature >40 �C” for fever, and
‘‘interfering with normal activity” for all other symptoms. Error bars represent 95% confidence intervals.
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