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Background: Vaccination strategies against bacterial meningitis vary across countries. In the United
States, a single dose of quadrivalent meningococcal conjugate vaccine (MenACWY) is recommended at
11–12 years of age, with a booster dose approximately 5 years later. We assessed immune responses
to a booster dose of MenACWY-CRM vaccine after priming with MenACWY-CRM or MenACWY-D vacci-
nes in adolescents and adults.
Methods: In this phase IIIb, multicenter, open-label study, healthy 15–55-year-olds, who received
MenACWY-CRM (N = 301) or MenACWY-D (N = 300) 4–6 years earlier or were meningococcal vaccine-
naïve (N = 100), received one MenACWY-CRM vaccine dose. Immunogenicity was evaluated pre-
vaccination, 3 or 5 days post-vaccination (sampling subgroups), and 28 days post-vaccination by serum
bactericidal activity assay using human complement (hSBA). After vaccination, participants were moni-
tored for 7 days for reactogenicity, 29 days for unsolicited adverse events (AEs), and 181 days for serious
AEs and medically-attended AEs.
Results: Sufficiency of the immune response to a MenACWY-CRM booster dose was demonstrated; the
lower limit of the 1-sided 97.5% confidence interval for percentages of participantswith hSBA seroresponse
at 28 days post-vaccination was >75% for each serogroup in those primed with either the MenACWY-CRM
or MenACWY-D vaccine. Seroresponse was observed in �93.24% of primed participants and �35.87% of
naïve participants 28 days post-vaccination. At 5 days post-booster, among primed participants, hSBA
titers �1:8 were achieved in �47.14% of participants for MenA and in �85.52% of participants for MenC,
MenW andMenY, and 3.25- to 8.59-fold increases in hSBA geometric mean titers against each vaccine ser-
ogroup were observed. No safety concerns were raised throughout the 6-month follow-up period.
Conclusions: A booster dose of the MenACWY-CRM vaccine induced a robust and rapid anamnestic
response in adolescents and adults, irrespectively of either MenACWY-CRM or MenACWY-D vaccine
administered 4–6 years earlier, with an acceptable clinical safety profile.
ClinicalTrials.gov registration: NCT02986854.
An Audio Summary linked to this article that can be found on Figshare https://figshare.com/articles/
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1. Introduction

Neisseria meningitidis is responsible for invasive meningococcal
disease (IMD), which remains a global public health problem [1,2].
Despite the availability of effective treatments, IMD has a signifi-
cant morbidity and mortality due to its fulminant nature, with a
case fatality rate ranging from 10% to 15% in treated individuals
[1,3]. Moreover, IMD is associated with a high risk of long-term
disabling sequelae, including hearing loss, neurological impair-
ment, seizures, and intellectual disabilities [3,4].

The incidence of IMD varies by geographical region and time of
the year [5,6]. In the United States (US), the average annual inci-
dence of meningococcal disease was 0.26 cases per 100,000 popu-
lation between 2006 and 2015 [7]. The incidence of IMD is highest
in infants during the first year of life, with a second peak in adoles-
cents and young adults in whom transmission is facilitated by
close living conditions and socio-behavioral factors [8,9]. The
majority of IMD cases worldwide are caused by serogroups MenA,
MenB, MenC, MenY, MenW, and MenX [4,6,10]. In the US, the most
prevalent meningococcal serogroups are MenB, MenY, and MenC
[11].

There are two quadrivalent meningococcal conjugate vaccines
(MenACWY) currently available in the US for active immunization
in various age groups: one using diphtheria toxoid (MenACWY-D;
Menactra, Sanofi Pasteur) and the other a non-toxic mutant of
diphtheria toxin (MenACWY-CRM;Menveo, GSK) as carrier protein.
MenACWY-CRM is approved in the US for active immunization of
individuals from 2 months to 55 years of age [12], and has been
shown to be immunogenic with an acceptable safety profile in all
indicated age groups [13–16]. The US Advisory Committee on
Immunization Practices (ACIP) recommends routine vaccination
with a quadrivalent meningococcal conjugate vaccine for adoles-
cents at 11–12 years of age with a booster dose administered
approximately 5 years later [17].

Considering the current ACIP recommendation, this study
aimed to evaluate the response to a booster dose of the
MenACWY-CRM vaccine given 4–6 years after primary vaccination
with a licensed quadrivalent meningococcal conjugate vaccine in
adolescents and adults. Fig. 1 summarizes the research, clinical rel-
evance, and impact of this study at the population level.
Fig. 1. Summary of the background, research, clinical relevance, and impact of this
study.
2. Material and methods

2.1. Study design

This phase IIIb, open-label study was conducted at 37 centers in
the US and Puerto Rico, between December 2016 and December
2017. Study participants were healthy 15–55-year-old adolescents
and adults who had received a single dose of either the MenACWY-
CRM vaccine (MenACWY-CRM-primed group) or the MenACWY-D
vaccine (MenACWY-D-primed group) 4–6 years earlier at an age of
at least 11 years. Healthy adolescents and adults who had not been
previously vaccinated with any meningococcal vaccine were also
enrolled (Naïve group). All participants received a single dose of
the MenACWY-CRM vaccine on study Day 1. The MenACWY-CRM
vaccine and its administration route are described in Supplemen-
tary Text 1 according to the prescribing information in the US [12].
Within each group, participants were randomized (1:1) to get
blood draws on Days 1, 4, and 29, or Days 1, 6 and 29 (Fig. 2).

The study was conducted in compliance with the Declaration of
Helsinki and followed International Committee on Harmonization
Guidelines for Good Clinical Practice. Written informed consent
was provided by the participants or their legally acceptable repre-
sentatives (LARs) before enrollment. This study is registered at
www.clinicaltrials.gov (NCT02986854). A protocol summary is
available at http://www.gsk-clinicalstudyregister.com (study
205352).

2.2. Participants

Eligible participants were healthy 15–55-year-old adolescents
and adults from whom written informed consent or assent was
obtained prior to enrollment, and who, in the investigator’s judge-
ment, would comply with the study procedures. If participants
were younger than 18 years at the time of enrollment, their par-
ent(s)/LAR(s) gave written informed consent. Females of childbear-
ing potential had to use an effective birth control method up to at
least 30 days after vaccination and were encouraged to remain in
the study for safety follow-up in case of pregnancy. The complete
list of inclusion and exclusion criteria is given in Supplementary
Text 2.

2.3. Study objectives

The primary objective was to demonstrate sufficiency of the
immune response against each vaccine serogroup following a
booster dose of the MenACWY-CRM vaccine in participants primed
with either the MenACWY-CRM or the MenACWY-D vaccine.

Secondary immunogenicity objectives were to compare the
immune response against each vaccine serogroup induced by a
dose of the MenACWY-CRM vaccine in the MenACWY-CRM-
primed group, the MenACWY-D-primed group, the pooled primed
group (pooled MenACWY-CRM-primed and MenACWY-D-primed
participants), and the Naïve group up to 28 days post-
vaccination. Additional secondary objectives were to assess the
bactericidal antibody titers against each vaccine serogroup
approximately 4–6 years after the primary vaccination in the
MenACWY-CRM-primed and the MenACWY-D-primed groups.
The reactogenicity and safety of the MenACWY-CRM vaccine were
also assessed.

2.4. Immunogenicity assessments

Immune responses to the 4 meningococcal vaccine serogroups
were measured in each study group on blood samples collected
on Day 1 (pre-vaccination), 4 or 6, and 29 by serum bactericidal

http://www.clinicaltrials.gov
http://www.gsk-clinicalstudyregister.com


Fig. 2. Study design. MenACWY-CRM-primed, participants previously vaccinated with the MenACWY-CRM vaccine; MenACWY-D-primed, participants previously
vaccinated with the MenACWY-D vaccine; Naïve, participants who were not previously vaccinated with any meningococcal vaccine; AE, adverse event.
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assay using human complement (hSBA), as previously described
[18].

Immune responses were evaluated by percentages of partici-
pants who had a seroresponse, percentages of participants with
hSBA titers �1:8 and �1:16, and by hSBA geometric mean titers
(GMTs) against MenA, MenC, MenW, and MenY. Seroresponse
was defined as a post-vaccination hSBA titer �1:16 for participants
with a pre-vaccination hSBA titer <1:4, or an increase of �4 times
of the pre-vaccination hSBA titer for participants with a pre-
vaccination hSBA titer �1:4.
2.5. Safety assessment

Safety of the MenACWY-CRM vaccine was assessed in the
pooled primed group and in the Naïve group.

Solicited local adverse events (AEs; injection site pain, ery-
thema, and induration), systemic AEs (fatigue, headache, myalgia,
arthralgia, loss of appetite, nausea, chills, and fever [body temper-
ature �38.0 �C]), and other indicators of reactogenicity (e.g., use of
analgesics/antipyretics) were recorded within 7 days after vaccina-
tion, and unsolicited AEs within 29 days after vaccination. The
intensity of each symptom was graded on a 3-level scale. Grade
3 redness and swelling at the injection site were recorded if their
diameter was >100 mm; grade 3 fever was defined as body tem-
perature �40.0 �C. All other symptoms were of grade 3 if they pre-
vented normal activity.

Medically-attended AEs (i.e. symptoms or illnesses requiring
hospitalization, emergency room visit, or visit to a health care pro-
vider), AEs leading to withdrawal from the study, and serious AEs
(SAEs) were recorded during the entire study period up to Day 181.
2.6. Statistical methods

Immunogenicity analyses were conducted on the per protocol
analysis set, including all evaluable participants who were ran-
domized to the different blood draw schedules, received the study
vaccine, had assay results available for at least one serogroup, and
complied with all protocol-specified procedures. Safety analyses
were conducted on the safety set, including all enrolled partici-
pants who received the study vaccine and had available safety
data.

Immune response sufficiency (primary objective) was tested
sequentially, first in the MenACWY-CRM-primed group and, if
met, in the MenACWY-D-primed group. The immune response
was considered as sufficient if the lower limit (LL) of the 1-sided
97.5% confidence interval (CI) for the percentage of participants
with hSBA seroresponse against each vaccine serogroup was
>75% at Day 29 following booster vaccination. Statistical analyses
are further described in Supplementary Text 3.
3. Results

3.1. Study population and demographics

A total of 704 participants (301 in the MenACWY-CRM-primed
group, 301 in the MenACWY-D-primed group, and 102 in the Naïve
group) were enrolled in the study (Fig. 3). Of these, 1 participant in
the MenACWY-D-primed group and 2 in the Naïve group did not
receive the MenACWY-CRM vaccine. A total of 683 participants
completed the study (298 in the MenACWY-CRM-primed group,
288 in the MenACWY-D-primed group, and 97 in the Naïve group).



Table 1
Demographic characteristics of the study participants (Enrolled Set).

Characteristics MenACWY-
CRM-primed

MenACWY-
D-primed

Naïve

N = 301 N = 301 N = 102

Age, years ± SD 17.1 ± 3.7 17.8 ± 4.5 38.8 ± 10.5

Gender, n (%)
Female 144 (48) 156 (52) 68 (67)
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Demographic and other baseline characteristics were balanced
between both primed groups (Table 1). The mean age of the partic-
ipants (±standard deviation) was 17.1 ± 3.7 years in the
MenACWY-CRM-primed group and 17.8 ± 4.5 years in the
MenACWY-D-primed group. The Naïve group enrolled mostly
adults (mean age: 38.8 ± 10.5 years), with more female (67%) than
male (33%) participants. Across all groups, most participants (78–
83%) were Caucasian.
Race, n (%)
White-Caucasian 251 (83) 234 (78) 81 (79)
Black or African American 24 (8) 23 (8) 12 (12)
Asian 4 (1) 14 (5) 3 (3)
American Indian or Alaska
Native

2 (1) 6 (2) 1 (1)

Native Hawaiian or other
Pacific Islander

3 (1) 1 (<1) 0 (0)

Other 17 (6) 23 (8) 5 (5)

Ethnicity, n (%)
Hispanic or Latino 40 (13) 75 (25) 11 (11)
Not Hispanic or Latino 258 (86) 223 (74) 91 (89)
Not reported 3 (1) 3 (1) 0 (0)

MenACWY-CRM-primed, participants previously vaccinated with the MenACWY-
CRM vaccine; MenACWY-D-primed, participants previously vaccinated with the
MenACWY-D vaccine; Naïve, participants who were not previously vaccinated with
any meningococcal vaccine; SD, standard deviation; N, number of participants; n
(%), number (percentage) of participants within the category.
3.2. Immunogenicity of a booster or first dose of the MenACWY-CRM
vaccine

We demonstrated sufficiency of the immune response induced
by a booster dose of the MenACWY-CRM vaccine administered 4–
6 years after primary vaccination with either the MenACWY-CRM
or the MenACWY-D vaccine. Both co-primary immunogenicity
objectives were met as the LL of the 1-sided 97.5% CI for percent-
ages of participants with hSBA seroresponse for each vaccine ser-
ogroup at Day 29 was >75% in participants primed with either
vaccine (Table 2). At Day 29, percentages of participants with hSBA
seroresponse for MenA, MenC, MenW, and MenY ranged from
95.49% to 96.86% in the MenACWY-CRM-primed group and from
93.24% to 96.45% in the MenACWY-D-primed group (Table 2). Per-
centages of participants with hSBA seroresponse in the Naïve
group are listed in Supplementary Table 1. At Day 29, the differ-
ences between the pooled primed group and the Naïve group in
terms of hSBA seroresponse rate ranged between 30.91% (MenA)
and 58.69% (MenW) across serogroups, with all LLs of 95% CIs >0
(Supplementary Table 1).

In all study groups, percentages of participants with hSBA titers
�1:8 were similar or only slightly higher at Day 4 compared to Day
1 for each vaccine serogroup (Table 3). By Day 6, these percentages
increased in all groups and at Day 29, �98.62% of participants in
each primed group and �70.97% of participants in the Naïve group
Fig. 3. Flow of participants. MenACWY-CRM-primed, participants previously vaccinate
vaccinated with the MenACWY-D vaccine; Naïve, participants who were not previously v
of participants who provided ‘‘Blood draw” refer to the numbers of participants who ha
had hSBA titers �1:8 against each vaccine serogroup (Table 3). Dif-
ferences between the pooled primed group and the Naïve group in
terms of percentages of participants with hSBA titers �1:8 for each
serogroup at Day 29 ranged between 12.73% (MenC) to 27.81%
(MenA), with all LLs of 95% CIs >0 (Supplementary Table 2). Sim-
ilar results were observed for percentages of participants with
hSBA titers �1:16 against each vaccine serogroup, which were
�97.52% in each primed group and �64.52% in the Naïve group
on Day 29 (Supplementary Table 3).
d with the MenACWY-CRM vaccine; MenACWY-D-primed, participants previously
accinated with any meningococcal vaccine; N, number of participants. The numbers
d their blood draw within the pre-specified window.



Table 2
Percentages of participants with seroresponse* against MenA, MenC, MenW and MenY 28 days after a booster dose of MenACWY-CRM vaccine (Per Protocol Set, Day 29).

MenACWY-CRM-primed MenACWY-D-primed

Serogroup N % of participants with seroresponse (2-sided 95% CI) N % of participants with seroresponse (2-sided 95% CI)

MenA 289 96.54 (93.73–98.33) 282 96.45 (93.58–98.29)
MenC 288 95.49 (92.40–97.57) 280 96.07 (93.08–98.02)
MenW 289 95.85 (92.86–97.84) 281 93.24 (89.64–95.88)
MenY 287 96.86 (94.13–98.56) 280 94.29 (90.89–96.70)

MenACWY-CRM-primed, participants previously vaccinated with the MenACWY-CRM vaccine; MenACWY-D-primed, participants previously vaccinated with the MenACWY-
D vaccine; hSBA, human serum bactericidal assay; N, number of participants; CI, confidence interval. *Seroresponse was defined as a post-vaccination hSBA titer�1:16 for
participants with a pre-vaccination hSBA titer <1:4, or an increase of �4 times of the pre-vaccination hSBA titer for participants with a pre-vaccination hSBA titer �1:4. The
immune response was considered as sufficient if the lower limit of the one sided 97.5% CI (equivalent to 2 sided 95% CI) for percentage of participants with hSBA seroresponse
against serogroups A, C, W and Y was >75%. Bold: sufficiency criterion met.

M. Tipton et al. / Vaccine 37 (2019) 6171–6179 6175
Compared to Day 1, hSBA GMTs at Day 4 remained similar for
MenA and had slightly increased for MenC, MenW, and MenY in
all groups (Table 3). By Day 6, hSBA GMTs against all vaccine ser-
ogroups had increased in both primed groups, with geometric
mean ratios (GMRs; Day 6/Day 1) ranging between 3.25 and
8.59, and had also slightly increased in the Naïve group, with GMRs
(Day 6/Day 1) ranging between 1.09 and 1.48 (Supplementary
Table 4). By Day 29, hSBA GMTs against all vaccine serogroups
had further increased in all study groups. hSBA GMT ratios (pooled
primed group over Naïve group) increased from Day 4 over Day 6
to Day 29, with all LLs of the 95% CIs >1 except for Men A at Day 4
(Supplementary Table 5).

Percentages of participants with hSBA titers�1:8 before admin-
istration of the MenACWY-CRM vaccine dose in this study against
all serogroups are detailed in Table 3. Group differences in terms of
percentages of participants with hSBA titers �1:8 against MenA at
Day 1 were 8.16% for MenACWY-CRM-primed vs Naïve group and
10.59% for MenACWY-D-primed vs Naïve group. Group differences
in terms of percentages of participants with hSBA titers �1:8
against MenC, MenW, and MenY at Day 1 ranged from 14.14%
(MenW) to 27.78% (MenC) for MenACWY-CRM-primed vs Naïve
group, and from 14.72% (MenY) to 20.40% (MenC) for MenACWY-
D-primed vs Naïve group. At Day 1, hSBA GMTs against MenA were
slightly higher in primed participants than in the Naïve group.
hSBA GMTs against MenC, MenW, and MenY at Day 1 were higher
in primed participants than in the Naïve group (Table 3).
3.3. Safety and reactogenicity of a booster or first dose of MenACWY-
CRM

The most commonly reported solicited local AE during the 7-
day follow-up after vaccination was injection-site pain, experi-
enced by 36–41% of participants across groups (Fig. 4). The most
frequently reported solicited systemic AEs were fatigue (38% in
the pooled primed group and 20% in the Naïve group) and head-
ache (31% in the pooled primed group and 22% in the Naïve group)
(Fig. 4). No cases of fever with a body temperature �40 �C were
reported during the entire study period. Solicited AEs were
reported with a grade 3 intensity (severe) by �4% of participants
across groups.

Overall, during the 29-day period post-vaccination, 25% of
primed and 22% of vaccine-naïve participants reported at least
one unsolicited AE, and 8% and 11% at least one possibly vaccine-
related unsolicited AE (Table 4). The most frequently reported at
least possibly vaccine-related unsolicited AEs in either the pooled
primed or the Naïve group were fatigue (2% of primed partici-
pants), injection site erythema (4% of naive participants), and injec-
tion site pruritus (2% of naive participants).

During the entire study period (Day 1 to Day 181), 8 partici-
pants reported 13 SAEs, none of which were considered as related
to vaccination (Table 4). Three SAEs were reported in the
MenACWY-CRM-primed group (1 case of major depression with
suicide attempt, 1 case of intentional overdose with suicide
attempt, and 1 participant with abdominal pain, tonsillitis, respira-
tory disorder, and septic shock); 2 SAEs were reported in the
MenACWY-D-primed group (1 suicide attempt and 1 suicidal idea-
tion); and 3 SAEs were reported in the Naïve group (1 case of dia-
betic ketoacidotic hyperglycaemic coma, 1 case of diverticulitis,
and 1 spontaneous abortion). Medically-attended AEs were
reported in 30% of primed and 19% of vaccine-naive participants.
At least possibly vaccine-related medically attended AEs were
reported in 1 participant in the MenACWY-CRM-primed group
(lymphadenopathy with onset on day 3), in 3 participants in the
MenACWY-D-primed group (urticaria with onset on day 10 and
day 130, fatigue and headache with onset on day 1 followed by
myalgia with onset at day 4, and anxiety with onset on day 22),
and in 1 participant in the Naïve group (pyrexia with onset on
day 1). There were no AEs leading to withdrawal from the study,
and no deaths during the study.
4. Discussion

In this study, approximately 1 month after a single booster dose
of the MenACWY-CRM vaccine, percentages of participants with
hSBA seroresponse ranged from 95.49% to 96.86% in the
MenACWY-CRM-primed group and between 93.24% and 96.45%
in the MenACWY-D-primed group, across the four meningitis ser-
ogroups, and met the predefined criterion for the assessment of the
sufficiency of immune responses. Approximately one month after
the booster dose administration, almost all primed participants
demonstrated a seroresponse and had hSBA titers �1:8. Similar
immune response rates were observed after a booster dose of
MenACWY-CRM given 3 years after priming with the MenACWY-
CRM or the MenACWY-D vaccine in a previous phase III trial in
adolescents [19]. These results suggest that one dose of the
MenACWY-CRM vaccine can be administered as a booster at 16–
18 years of age as recommended by the US ACIP, irrespective of
either MenACWY-CRM or MenACWY-D vaccine used for priming
[20,21].

A group of vaccine-naïve participants was added to the study
design to evaluate the rapidity and magnitude of the booster
response to the MenACWY-CRM vaccine in primed individuals
and of the primary response in naïve individuals. Following admin-
istration of a single dose of the MenACWY-CRM vaccine, hSBA
titers for each vaccine serogroup were higher in primed partici-
pants than in naïve individuals, showing that the immune response
to the booster dose of the MenACWY-CRM vaccine was anamnes-
tic. Similar results were obtained in 2 previous clinical trials: a
phase III study in adolescents, where a booster dose of the
MenACWY-CRM vaccine was given 3 years after primary vaccina-
tion with either the MenACWY-CRM or the MenACWY-D vaccine
[19], and a phase II study, where the MenACWY-CRM vaccine



Table 3
Percentages of participants with hSBA titers �1:8 and hSBA GMTs against MenA, MenC, MenW and MenY at Days 1, 4, 6 and 29 after a booster (MenACWY-CRM- and MenACWY-D-primed groups) or a primary (Naïve group) dose of
MenACWY-CRM vaccine (Per Protocol Set, Day 29).

MenACWY-CRM-primed MenACWY-D-primed Naïve

Timepoint N % of participants with hSBA
titers �1:8 (95% CI)

GMT (95% CI) N % of participants with
hSBA titers �1:8 (95% CI)

GMT (95% CI) N % of participants with
hSBA titers �1:8 (95% CI)

GMT (95% CI)

MenA
Day 1 289 12.46 (8.88–16.83) 2.81 (2.54–3.11) 282 14.89 (10.95–19.59) 2.95 (2.67–3.27) 93 4.30 (1.18–10.65) 2.27 (1.90–2.71)
Day 4 144 11.11 (6.49–17.42) 2.83 (2.43–3.29) 138 13.04 (7.92–19.83) 3.00 (2.57–3.51) 48 4.17 (0.51–14.25) 2.25 (1.73–2.93)
Day 6 146 53.42 (44.99–61.71) 12.87 (9.63–17.19) 140 47.14 (38.66–55.75) 10.17 (7.57–13.66) 44 9.09 (2.53–21.67) 2.48 (1.46–4.20)
Day 29 290 98.62 (96.51–99.62) 210.10 (181.07–243.78) 282 98.94 (96.92–99.78) 236.69 (203.56–275.20) 93 70.97 (60.64–79.92) 32.11 (24.70–41.76)

MenC
Day 1 288 61.11 (55.22–66.77) 16.11 (13.28–19.54) 281 53.74 (47.72–59.68) 10.72 (8.82–13.03) 93 33.33 (23.89–43.87) 5.06 (3.60–7.10)
Day 4 144 70.83 (62.68–78.10) 22.96 (17.31–30.45) 138 60.14 (51.47–68.38) 14.29 (10.71–19.07) 48 43.75 (29.48–58.82) 6.69 (4.10–10.90)
Day 6 145 87.59 (81.09–92.47) 92.27 (68.91–123.56) 139 92.09 (86.28–95.98) 90.06 (66.84–121.35) 44 43.18 (28.35–58.97) 6.71 (3.95–11.40)
Day 29 290 100 (98.74–100) 1159.93 (977.33–1376.63) 281 99.64 (98.03–99.99) 1057.66 (888.74–1258.68) 93 87.10 (78.55–93.15) 59.70 (44.12–80.78)

MenW
Day 1 289 75.43 (70.05–80.29) 22.07 (18.54 26.29) 282 76.95 (71.59–81.74) 23.46 (19.66–28.00) 93 61.29 (50.62–71.22) 12.21 (8.98 –16.62)
Day 4 144 81.94 (74.67–87.85) 25.90 (20.13–33.32) 138 82.61 (75.24–88.53) 33.87 (26.18–43.82) 48 62.50 (47.35–76.05) 13.80 (8.92–21.35)
Day 6 146 93.84 (88.62–97.14) 112.49 (86.26–146.71) 140 97.86 (93.87–99.56) 143.75 (109.61–188.54) 44 63.64 (47.77–77.59) 15.98 (9.85–25.93)
Day 29 290 100 (98.74–100) 1394.65 (1176.59–1653.11) 281 100 (98.70–100) 1883.96 (1585.12–2239.15) 92 84.78 (75.79–91.42) 55.31 (40.90–74.80)

MenY
Day 1 287 54.01 (48.05–59.88) 9.24 (7.81–10.94) 281 46.98 (41.02–52.99) 8.22 (6.93–9.75) 93 32.26 (22.93–42.75) 4.56 (3.39–6.13)
Day 4 143 55.24 (46.71–63.56) 10.87 (8.26–14.32) 138 55.80 (47.10–64.24) 12.12 (9.16–16.04) 48 33.33 (20.40–48.41) 4.63 (2.88–7.44)
Day 6 145 85.52 (78.72–90.81) 63.30 (47.73–83.95) 140 87.86 (81.27–92.76) 61.56 (46.18–82.05) 44 45.45 (30.39–61.15) 6.44 (3.86–10.76)
Day 29 290 100 (98.74–100) 1066.66 (900.67–1263.25) 281 99.64 (98.03–99.99) 1007.62 (848.53–1196.54) 93 77.42 (67.58–85.45) 37.40 (27.75–50.42)

MenACWY-CRM-primed, participants previously vaccinated with the MenACWY-CRM vaccine; MenACWY-D-primed, participants previously vaccinated with the MenACWY-D vaccine; Naïve, participants who were not previously
vaccinated with any meningococcal vaccine; hSBA, human serum bactericidal assay; N, number of participants; CI, confidence interval; GMT, geometric mean titer.
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Fig. 4. Percentage of participants with solicited local and systemic AEs reported during the 7-day period following vaccination (Safety Set). Pooled, pooled data for
MenACWY-CRM-primed and MenACWY-D-primed cohorts; MenACWY-CRM-primed, participants previously vaccinated with the MenACWY-CRM vaccine; MenACWY-D-
primed, participants previously vaccinated with the MenACWY-D vaccine; Naïve, participants who were not previously vaccinated with any meningococcal vaccine; AEs,
adverse events; N, number of participants. *Preventive use of antipyretics/analgesics; #Treatment with antipyretics/analgesics.

Table 4
Overview of unsolicited AEs and SAEs after a booster (MenACWY-CRM- and
MenACWY-D-primed groups) or a primary (Naïve group) dose of MenACWY-CRM
vaccine (Unsolicited Safety Set).

Pooled primed
group (N = 601)

Naïve group
(N = 100)

AE n (%) n (%)

Any AE 152 (25) 22 (22)
At least possibly related AE 50 (8) 11 (11)

Any SAE 5 (1) 3 (3)
At least possibly related SAE 0 0

Medically attended AEs 181 (30) 19 (19)
Possibly related medically attended AEs 4 (1) 1 (1)

AE leading to premature withdrawal 0 0
Death 0 0

Pooled primed group: participants previously vaccinated with the MenACWY-CRM
or the MenACWY-D vaccine; Naïve, participants who were not previously vacci-
nated with any meningococcal vaccine; N, number of participants; n (%), number
(percentage) of participants within the category; AE, Adverse Event; SAE, Serious
Adverse Event.
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was administered at approximately 5 years after previous vaccina-
tion with the MenACWY-CRM vaccine (or a licensed meningococ-
cal polysaccharide vaccine) [22]. In the present study, the booster
response to the MenACWY-CRM vaccine in primed participants
was also more rapid than the response to primary vaccination in
naïve participants. In the primed groups, substantial increases in
percentages of participants with hSBA titers �1:8 and in hSBA
GMTs against the four vaccine serogroups were already observed
at 5 days after the administration of the booster dose of the
MenACWY-CRM vaccine, while antibody titers remained similar
to pre-vaccination levels at 3 days post-booster vaccination. Con-
siderable increases in the percentage of participants with hSBA
titers �1:8 after 6 and 8 days post-booster vaccination have been
reported previously [22,23]. Thus, as has already been established
[24], this time interval necessary to observe a rise in protective
antibody titers is of particular importance from a public health per-
spective in cases of outbreak, as antibiotic prophylaxis may still
need to be administered to close contacts of patients with IMD,
in addition to a booster dose of the MenACWY-CRM vaccine.

Prevailing antibody titers 4–6 years after priming with
MenACWY-CRM and MenACWY-D vaccines were also evaluated.
The proportions of primed participants with hSBA titers �1:8
against MenC, MenW, and MenY ranged between 47.24% and
76.63%. For MenA, 12.46% and 15.46% of participants primed with
the MenACWY-CRM and MenACWY-D vaccines, respectively,
showed hSBA titers �1:8. Our observation is consistent with previ-
ous studies where antibody persistence following administration
of a single dose of the MenACWY-CRM vaccine or other meningo-
coccal conjugate vaccines was also lower for MenA compared with
the other serogroups at 3 or 5 years after vaccination [19,22,25–
27].

The safety and tolerability profile of the MenACWY-CRM vac-
cine was acceptable and was similar in primed and naïve partici-
pants in this study. No new safety concerns were raised. These
results are in line with those of previous clinical trials showing that
a booster dose of the MenACWY-CRM vaccine had a similar toler-
ability and safety profile to that observed after primary vaccination
[25].
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This study was the largest trial evaluating booster responses to
the MenACWY-CRM vaccine and was adequately powered to
demonstrate the sufficiency of the immune response induced in
primed participants. Nevertheless, the limitations of this study
included its open-label design, the absence of randomization to
the treatment since all participants received the MenACWY-CRM
vaccine and were assigned to the study groups based on their prior
vaccination status. This study was also limited by the fact that the
mean age of the participants in the Naïve group was higher com-
pared to that of the primed participants, which is a consequence
of the ACIP recommendation in the US for an universal vaccination
of adolescents with quadrivalent meningococcal conjugate vac-
cines. The differences in the mean age of the groups was also
reflected in the higher proportion of medically attended AEs
reported in primed versus naïve participants, which was an
expected finding since, according to what is a common finding in
clinical practice, adolescents may be more likely to consult their
physician when they are sick and may be more likely to have con-
comitant infectious diseases compared with adults.
5. Conclusions

This phase IIIb study showed that a booster dose of the
MenACWY-CRM vaccine induced a sufficient immune response in
adolescents and adults, irrespectively of either MenACWY-CRM
or MenACWY-D vaccine administered 4–6 years earlier for prim-
ing. As expected, immune responses induced by a single dose of
the MenACWY-CRM vaccine were higher in primed compared with
naïve participants, showing that the booster dose induced an
anamnestic response. The immune response was also more rapid
in primed than in naïve participants, with meaningful increases
in hSBA titers observed at 5 days post-vaccination. The
MenACWY-CRM vaccine had a clinically acceptable safety and tol-
erability profile, and no safety concerns were raised. Our results
suggest that MenACWY-CRM can effectively boost individuals
primed with a quadrivalent conjugate meningococcal vaccine 4–
6 years earlier.
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