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Background: The quadrivalent meningococcal conjugate vaccine MenACWY-CRM has been shown to be
immunogenic and well-tolerated in infants and toddlers. We evaluated antibody persistence for up to
4 years after vaccination with MenACWY-CRM in the first years of life and response to a booster dose
administered at 60 months of age.
Methods: This was phase 3b, open-label, multicenter extension trial (NCT01148017). We assessed by
hSBA and rSBA the persistence of antibody responses to serogroups ACWY in 203 healthy 60-month-
olds receiving 4 doses of MenACWY-CRM during infancy (ACWY-4 group), or 2 doses at 12/13 and
15 months or 1 dose at 18 months of age (ACWY-2 group). We administered a MenACWY-CRM dose to
224 primed and 45 naïve 60-month-olds and evaluated safety and antibody response 1 month later.
Results: Antibody persistence measured by both assays was higher in primed than naïve 60-month-olds.
The percentages of primed children with hSBA titers �8 was low for serogroup A (6–25%) and moderate
for serogroups C (27–43%), Y (69–74%) and W (56–69%). For all serogroups, hSBA antibody geometric
mean titers (GMTs) tended to be higher in the ACWY-2 than the ACWY-4 group. Post-booster/single dose,
�96% of primed and �73% of naïve children had hSBA titers �8 against each serogroup, and hSBA GMTs
were higher in primed children. The booster dose was well-tolerated and no safety concern was identi-
fied. We further assessed persistence using rSBA across different age groups and detected no overall cor-
relation between rSBA and hSBA titers.
Conclusions: Primary vaccination of infants/toddlers with MenACWY-CRM resulted in moderate antibody
persistence against serogroups C, W and Y for up to 4 years after the last priming dose. Regardless of
priming schedule, a MenACWY-CRM booster dose at 60 months of age induced a robust immune
response against all serogroups and was well-tolerated in all children.
� 2019 GlaxoSmithKline Biologicals S.A. 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 (IMD) is a life-threatening con-
dition, which has a case-fatality rate of 10%, and causes permanent
sequelae in 10–20% of survivors [1–4]. The incidence of IMD varies
by age group, peaking in infants and in adolescents and young
adults [5]. Six Neisseria meningitidis serogroups cause most IMD
cases, with serogroups B, C and Y predominating in the Americas
and Europe, serogroups A and C in Asia, and serogroups B, C, X,
and W in Africa [5–8]. More recently, an upsurge of serogroup
W-caused IMD has been observed in South America, Europe, Aus-
tralia and regions of sub-Saharan Africa [9].

The CRM197-conjugate vaccine MenACWY-CRM (Menveo, GSK)
is licensed for use against meningococcal disease in individuals
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from 2 months of age in several countries, and from 2 years in Eur-
ope [10,11]. In the United States (US), MenACWY-CRM is licensed
as a 4-dose infant series (at 2, 4, 6 and 12 months of age), a 2-
dose series (administered �3 months apart) in 7–23-month-olds,
and as a single dose for individuals 2–55 years old, with an addi-
tional dose to be administered in 2–5 year-olds at continued risk
of disease [11]. The vaccine is immunogenic with an acceptable
safety profile [12–15], and a dose administered up to 5 years
post-primary vaccination induces a robust booster response in
individuals aged >2 years [16]. However, data on the persistence
of bactericidal antibodies following infants and toddlers priming
with 1 MenACWY-CRM dose are still scarce.

We have previously shown that MenACWY-CRM was highly
immunogenic and well tolerated in healthy infants and toddlers
when co-administered with routine vaccines [15,17]. Here, we pre-
sent new data on the persistence of antibody titers in MenACWY-
CRM-vaccinated children at ages 40 and 60 months. We also eval-
uated a potential correlation between human and rabbit comple-
ment serum bactericidal assay (hSBA/rSBA) titers, based on
serological data generated in the current study and 2 other trials
assessing long-term persistence following MenACWY-CRM immu-
nization in infants, children and adolescents (Fig. 1).
2. Methods

2.1. Study design and participants

This was a phase 3b, open-label study (NCT01148017) per-
formed between July 2010 and April 2013 in 19 centers in the
Fig. 1. Focus on
US. We evaluated the persistence of antibody titers in 2 groups
of healthy 40- and 60-month-olds previously vaccinated with
MenACWY-CRM, primed either according to a 3 + 1 schedule at 2,
4, 6, and 12/13 months of age (group ACWY-4) or according to a
2-dose (at 12/13 months and 15 months of age) or single-dose
schedule (at 18 months of age) (group ACWY-2) [17]. We enrolled
age-matched MenACWY vaccine-naïve children (groups Naïve-
40M and Naïve-60M) as controls for immunogenicity analyses
(Fig. 2). Text S1 (Supplementary Material) gives the full list of
enrolment exclusion criteria. We administered one 0.5 mL dose
of MenACWY-CRM to all vaccine-primed and vaccine-naïve chil-
dren enrolled at age 60 months by intramuscular injection in the
left deltoid, as previously described [11]. We also offered a dose
to children from the group Naïve-40M.

Supplementary data associated with this article can be found, in
the online version, at https://doi.org/10.1016/j.vaccine.2019.06.
076.

We conducted the study in accordance with the Declaration of
Helsinki and the principles of Good Clinical Practice. We obtained
written informed consent from the study participants or their par-
ents/legally accepted representatives before study enrollment. For
each site, an Institutional Review Board reviewed and approved the
study protocol, amendments and informed consent forms. The
study is registered at http://www.clinicaltrials.gov.
2.2. Study objectives

The primary objective of the study evaluated the persistence of
antibody response in groups ACWY-4 and ACWY-2, measured by
the Patient.
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Fig. 2. Participant flow diagram, with study interventions. Footnote: ATP, according-to-protocol; N, number of children in each group; M, month. Note: aNot due to an adverse
event. bOne participant had latex allergy (erroneously thought to be a criterion for termination), one was ineligible due to latent tuberculosis and autism evaluation, and one
developed encephalitis. cOne participant was withdrawn due to an ongoing social/custody issue.
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percentages of children with hSBA titers �8 against serogroups A,
C, W and Y. Secondary objectives included assessing functional
antibody levels in vaccine-naïve children aged 40 and 60 months,
and comparing antibody responses 1 month after a single dose of
MenACWY-CRM in groups ACWY-4 and ACWY-2 with those in
group Naïve-60M. Post-hoc exploratory analyses assessed
immunogenicity endpoints using rSBA. We assessed the safety
and tolerability of the MenACWY-CRM booster/single dose admin-
istered at 60 months of age.
2.3. Immunogenicity assessments

We collected blood samples (10 mL) at 40 and 60 months of age,
and at 1 month post-vaccination (Fig. 2).

We evaluated antibody levels using hSBA (GSK Clinical Labora-
tory Sciences, Marburg, Germany) or rSBA (Public Health England,
United Kingdom).

We assessed immune responses to MenACWY-CRM as the per-
centage of individuals with reciprocal hSBA/rSBA titers �8 against
each serogroup and geometric mean titers (GMTs), as previously
described [18–21]. We also evaluated the percentage of individuals
with titers against each serogroup �4 for hSBA and �128 for rSBA.
2.4. Safety assessments

Investigators recorded solicited local and systemic adverse
events (AEs) occurring within 30 min post-vaccination for all chil-
dren receiving a MenACWY-CRM dose at 60 months of age. Par-
ents/legally accepted representatives recorded any solicited AE
occurring within 7 days post-vaccination on diary cards. Investiga-
tors also recorded unsolicited AEs from day (D) 1 to D7 and
medically-attended AEs from D8 to D28 post-vaccination and fol-
lowed all events until resolved. We collected serious AEs (SAEs)
throughout the study.

For all participants enrolled at 40 months of age, investigators
collected SAEs at least possibly related to study procedures within
24 h from the blood draw. For children who received a MenACWY-
CRM dose at 40 months of age, investigators also collected SAEs
and medically attended AEs (graded by severity and relatedness
to vaccination) reported within 28 days post-vaccination.
2.5. Statistical analyses

We planned to enroll 200 children in each of the ACWY-4 and
ACWY-2 groups. Assuming a drop-out rate of 20%, this would
result in a sample size of 160 participants in the according-to-
protocol (ATP) cohorts, including children with evaluable serum
samples at each timepoint and no major protocol deviations.

In the ATP cohort, we performed hSBA analyses for persistence
at 40 and 60 months of age and for immunogenicity at 1 month
post-vaccination. We randomly selected subsets for rSBA assess-
ments from groups ACWY-4 (N = 50), ACWY-2 (N = 75), Naïve-
40M (N = 50) and Naïve-60M (N = 45).

We included all exposed children with solicited/unsolicited
safety data at each timepoint in the safety analyses.

In addition, we conducted exploratory analyses assessing the
persistence of antibody levels up to 5 years following initial vacci-
nation with MenACWY-CRM. In order to include different age
groups, the same analyses were conducted for 2 other studies
which we previously reported the design and hSBA results in
detail. Briefly, they assessed antibody persistence in healthy indi-
viduals aged 2–10 years [12] and 11–18-years [22] at first vaccina-
tion with MenACWY-CRM according to a single- or 2-dose (in the
2–10 years group only) schedule, as compared with MenACWY-
naïve aged-matched participants. We performed ad hoc analyses
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for rSBA assessments in the subsets of previously vaccinated par-
ticipants (i.e., not including naïve children). We assessed correla-
tion between rSBA and hSBA titers against each serogroup by
calculating the Pearson correlation coefficient and its p-value,
overall and by timepoint. The null hypothesis was that the true
correlation coefficient [q] is equal to 0 (indicating no correlation).

We performed all analyses using SAS version 9.3.
3. Results

3.1. Demographics

We enrolled 388 children 40 months of age: 214 in group
ACWY-4, 121 in group ACWY-2 and 53 naïve children. The ATP
cohorts for persistence included 210 in group ACWY-4, 119 in
group ACWY-2 and 51 children in group Naïve-40M (Fig. 2).

Of these subjects, 270 children continued in the study at the
second assessment timepoint at 60 months of age (136 in group
ACWY-4, 89 in group ACWY-2 and 45 naïve participants), of whom
269 received a MenACWY-CRM dose. The ATP cohorts for persis-
tence at this timepoint included 203 primed (123 and 80 in groups
ACWY-4 and ACWY-2, respectively) and 45 naïve children (Fig. 2).

Overall, the groups were relatively balanced in terms of baseline
characteristics, although the naïve groups at both timepoints
included more female participants compared with the primed
groups and there was a slight imbalance in terms of ethnic origin
(Table 1).

3.2. Immunogenicity

At 40 months of age, the percentages of children with hSBA
titers �8 and antibody hSBA GMTs were higher in groups ACWY-
2 and ACWY-4 than in group Naïve-40M for serogroups C, W and
Y (Table 2). For serogroup A, these values were similar between
the ACWY-4 and Naïve-40M groups (as shown by overlapping
95% CIs), and lower than in group ACWY-2. We observed a trend
for higher antibody persistence against all serogroups in group
ACWY-2 compared with ACWY-4 (Table 2).

By 60 months of age, the percentages of primed children with
hSBA titers �8 were lower, but remained higher than in naïve chil-
dren for serogroups W and Y (with non-overlapping 95% CIs)
(Table 2). Among primed children, the percentages with hSBA
titers �8 were low for serogroup A (6–25%) and moderate for ser-
ogroups C (27–43%), Y (69–74%) and W (56–69%). Antibody persis-
tence tended to be higher in group ACWY-2 than in ACWY-4 for
each serogroup (Table 2).
Table 1
Demographic characteristics of participants, at enrollment.

Enrolled at 40 months visit

ACWY-4 N = 214 ACWY-2 N = 121 Naïv

Age (±SD), months 39.6 ± 3.4 39.5 ± 2.4 38.7
Female, n (%) 97 (45%) 55 (45%) 29 (
Ethnic origin, n (%)
Asian 15 (7%) 8 (7%) 3 (6
Black 25 (12%) 8 (7%) 2 (4
Caucasian 129 (60%) 82 (68%) 28 (
Hispanic 33 (15%) 16 (13%) 12 (
Other 12 (6%) 7 (6%) 8 (1
Weight (±SD), kg 16.00 ± 2.35 16.01 ± 2.12 14.8
Height (±SD), cm 98.52 ± 5.76a 98.82 ± 4.91a 96.6
Months since vaccination (±SD)b – – –

N, number of children in each group; n (%), number (percentage) of children in each cat
Note:

a Data for 213 children in the ACWY-4 group and 120 children in the ACWY-2 group.
b For children receiving a booster dose of MenACWY-CRM at 60 months of age.
At 1 month post-booster/single-dose vaccination, �96% of
primed and �73% of naïve children had hSBA titers �8 against each
serogroup. Antibody GMTs against all serogroups were higher in
primed children than in group Naïve-60M. Antibody GMTs against
serogroups A and C were higher in group ACWY-2 than in ACWY-4
(Table 2).

Similar trends were observed for percentages of children with
hSBA titers �4 at all timepoints (Table 2).

At 40 months of age, the percentages with rSBA titers �8 and
rSBA GMTs were higher in primed than in age-matched naïve chil-
dren for all serogroups except serogroup C. At 60 months of age,
the percentages of children with rSBA titers �8 and rSBA GMTs
were higher in the ACWY-2 group for all serogroups except ser-
ogroup C than in the ACWY-4 and Naïve groups. For serogroup A,
at both pre-vaccination timepoints, rSBA GMTs were higher in
the previously primed children than in the naïve group (Table 3).
Post-booster/single dose vaccination, �93% of children achieved
rSBA titers �8 against each serogroup (Table 3). We observed sim-
ilar trends for rSBA titers �128 (data not shown).
3.3. Safety

Overall, 14–42% of primed 60-month-olds reported solicited
local reactions, compared with 20–49% in the naïve cohort. Most
reactions were mild to moderate, with severe reactions occurring
in <7% of primed children and <14% in naïve participants. Pain
was the most frequent solicited local reaction, reported in 40–
42% of children in groups ACWY-4 and ACWY-2, and 49% of chil-
dren in group Naïve-60M (Table 4), with no reports of severe pain
across groups. Erythema was the most frequently reported severe
reaction. The incidence of solicited general reactions was compara-
ble between groups, with irritability being the most frequently
reported in 17–19% of children in groups ACWY-4 and ACWY-2,
and 16% in group Naïve-60M. Less than 3% of primed and 6% of
naïve children reported rash or fever, and none of the AEs were
severe (Table 4).

Post-vaccination at age 60 months, parents reported any unso-
licited AEs in 7% of children in ACWY-4, 8% in ACWY-2, and 12%
in Naïve-60M groups. In 4% of children in ACWY-4, 6% in ACWY-
2, and 6% in Naïve-60M groups, investigators considered the AEs
as related to vaccination, with most being injection-site reactions.

We collected medically-attended AEs for 8% of children in
ACWY-4, 13% in ACWY-2 and 10% in Naïve-60M groups; none were
related to vaccination (Table 4).

Among children in all 3 groups, there were no SAEs considered
at least possibly related to study procedures following the blood
Enrolled at 60 months visit

e-40M N = 53 ACWY-4 N = 136 ACWY-2 N = 89 Naïve-60M N = 45

± 1.8 59.7 ± 2.2 59.6 ± 2.4 60.0 ± 1.7
55%) 64 (47%) 42 (47%) 26 (58%)

%) 12 (9%) 6 (7%) 7 (16%)
%) 14 (10%) 6 (7%) 5 (11%)
53%) 80 (59%) 60 (67%) 20 (44%)
23%) 22 (16%) 11 (12%) 7 (16%)
5%) 8 (6%) 6 (7%) 6 (13%)
3 ± 2.04 – – 20.06 ± 3.08
5 ± 4.10 – – 110.71 ± 4.84

47.1 ± 2.3 43.1 ± 3.4 –

egory; SD, standard deviation.
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draw at 40 months of age. Among vaccinated 40-month-olds
(Naïve-40M group), we recorded 5 medically-attended AEs in
3/11 (27%) children: acute otitis media, upper respiratory tract
infection, viral pharyngitis, arthralgia and ingrown nail; none were
related to vaccination. Only 1 AE (arthralgia) was moderate in
severity, while the other 4 were mild.

We recorded no SAEs and no deaths throughout the study.
3.4. Correlation between hSBA and rSBA results for antibody
persistence

The subsets of children with rSBA assessments in each of the 3
studies included in the exploratory analyses had comparable
demographic characteristics at each timepoint (Table S1).

Antibody persistence at 5 years post-vaccination with
MenACWY-CRM as assessed by hSBA in children aged 2–10 years
[23] and adolescents aged 11–18 years [23] at first vaccination
has been previously reported; rSBA results are presented in
Table S2. The percentages of individuals with rSBA titers �8 and
antibody GMTs were higher in groups previously vaccinated with
MenACWY-CRM than in the corresponding naïve cohorts, for all
age categories and serogroups (including A), except for serogroup
C for children 7–10 years of age receiving either 1 or 2 doses of
MenACWY-CRM 5 years earlier (Table S2).

At 40 and 60 months of age across all groups, the percentages
with hSBA titers �4 were lower than for rSBA titers �8 for ser-
ogroup A, tended to be higher for serogroups C and W and tended
to be lower for serogroup Y, (Tables 2 and 3). Although a few com-
binations of serogroup, age, timepoint of vaccination and number
of doses had a statistically significant correlation coefficient
between rSBA and hSBA titers, we could not identify an overall cor-
relation between the 2 assays (Table S3).
4. Discussion

This is the first study to assess long-term persistence of func-
tional antibodies after a multi-dose regimen of MenACWY-CRM
in infants and toddlers, using both rSBA and hSBA. We demon-
strated that, at 4 years post-immunization, antibody levels mea-
sured by both assays were overall higher in children vaccinated
with MenACWY-CRM during the first 2 years of life than in naïve
children of similar age, although some exceptions were noted for
hSBA results for serogroup A.

We also found that for all meningococcal serogroups, antibody
levels in 60-month-old children were higher following immuniza-
tion as toddlers with a 1- or 2-dose series compared with a 4-dose
series during infancy, although similar percentages of children had
protective titers regardless of the age at primary vaccination. This
finding might be explained by the difference in maturity of the
immune system between toddlers and infants [16]. Our observa-
tion is further supported by trials in 2–18-year-olds which showed
less pronounced waning of antibody titers over time in individuals
receiving vaccination in adolescence [23–25] than at younger ages
[16,26]. Nevertheless, as IMD incidence is the highest in infancy
and peaks again in adolescence [5], these age groups remain the
main target for vaccination against meningococcal disease.

The hSBA and rSBA antibody titers in our study were compara-
ble to those in prior trials assessing the persistence of MenACWY-
CRM [16,25,27,28] or MenACWY-TT [29,30] after vaccination of
infants and toddlers, as well as other age groups. Consistent with
these studies, at 4 years post-last primary dose, we observed that
the percentages of children with hSBA titers �4 were considerably
lower than those with rSBA titers �8 for serogroup A and that anti-
body hSBA GMTs were lower than those measured by rSBA for all
serogroups. However, the percentages of children with hSBA titers



Table 3
Percentages of children with rSBA titers �8 and rSBA GMTs before and after vaccination with MenACWY-CRM (according-to-protocol subsets for persistence [40 and 60 months of
age]/immunogenicity [1 month post-vaccination] at each timepoint).

N; % of children with rSBA titers �8 (95% CI) GMT (95% CI)

ACWY-4 ACWY-2 Naïvea ACWY-4 ACWY-2 Naïvea

Serogroup A
40 M of ageb 49; 80 (66–90) 70; 91 (82–97) 50; 46 (32–61) 279 (127–613) 1087 (632–1869) 44 (17–114)
60 M of ageb 49; 96 (86–100) 74; 95 (87–99) 44; 80 (65–90) 968 (565–1659) 1408 (903–2195) 219 (97–494)
1 M post-vac at 60 M of age 45; 100 (92–100) 71; 100 (95–100) 43; 100 (92–100) 15,644 (11005–22239) 15,006 (11341–19856) 11,308 (7891–16206)

Serogroup C
40 M of ageb 48; 21 (10–35) 70; 29 (18–41) 50; 4 (0–14) 4.00 (2.74–5.84) 6.5 (4.11–10) 2.27 (1.90–2.70)
60 M of ageb 48; 27 (15–42) 74; 30 (20–41) 44; 20 (10–35) 5.19 (3.13–8.59) 7.28 (4.42–12) 4.19 (2.57–6.85)
1 M post-vac at 60 M of age 44; 95 (85–99) 71; 99 (92–100) 43; 93 (81–99) 747 (433–1290) 1752 (1140–2692) 611 (352–1062)

Serogroup W
40 M of ageb 49; 37 (23–52) 70; 60 (48–72) 50; 2 (0.051–11) 8.83 (4.87–16) 59 (29–118) 2.27 (1.76–2.91)
60 M of ageb 49; 31 (18–45) 74; 47 (36–59) 44; 14 (5–27) 10 (4.59–22) 27 (14–53) 4.91 (2.33–10)
1 M post-vac at 60 M of age 45; 96 (85–99) 71; 99 (92–100) 43; 95 (84–99) 4290 (2430–7572) 8272 (5262–13004) 3543 (1981–6336)

Serogroup Y
40 M of ageb 49; 67 (52–80) 68; 65 (52–76) 50; 22 (12–36) 51 (24–110) 86 (42–177) 6.32 (3.4–12)
60 M of ageb 49; 71 (57–83) 74; 80 (69–88) 44; 45 (30–61) 77 (36–166) 115 (65–205) 21 (8.8–48)
1 M post-vac at 60 M of age 45; 98 (88–100) 71; 100 (95–100) 43; 98 (88–100) 3734 (2465–5657) 4343 (3121–6045) 2015 (1318–3082)

CI, confidence interval; GMT, geometric mean titer; N, number of children in each group with available results; rSBA, serum bactericidal assay using rabbit complement; M,
month(s); post-vac, post-vaccination. GMTs and 95% CIs were computed by exponentiation of the least square means of the log10-transformed titers and their 95% CIs
obtained from a 2-way analysis of variance with factors accounting for vaccine group and center.
Note:

a Data for group Naïve-40M at 40 months of age, and group Naïve-60M at 60 months of age and 1-month post-vaccination timepoints.
b Antibody persistence was evaluated at 40 months (22–28 months post-primary vaccination) and 60 months (3.5–4 years post-primary vaccination).
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�4 compared with those with rSBA titers �8 were higher for ser-
ogroups C and W in the current study, regardless of the number
of MenACWY-CRM doses received. We also observed a more rapid
decline of hSBA, but not rSBA, antibody levels against serogroup A
compared with the other serogroups, over 4 years after priming.
The more pronounced difference between assays for serogroup A
Table 4
Incidence of solicited and unsolicited adverse events in children vaccinated at 60 months

ACWY-4, n (%) AC

Solicited AEs Any Severe An

N = 129 N

Any 80 (62%) 10 (8%) 53
Any local AE 67 (52%) 9 (7%) 44
Erythema 26 (20%) 8 (7%) 20
Induration 18 (14%) 4 (3%) 14
Pain 54 (42%) 0 (0%) 33
Any systemic AE 45 (35%) 1 (<1%) 26
Change in eating habits 14 (11%) 0 (0%) 5
Sleepiness 20 (16%) 0 (0%) 9
Irritability 24 (19%) 0 (0%) 14
Vomiting 4 (3%) 0 (0%) 0
Diarrhea 7 (5%) 0 (0%) 1
Arthralgia 2 (2%) 0 (0%) 4
Headache 6 (5%) 0 (0%) 6
Rash 4 (3%) 0 (0%) 2
Fevera 4 (3%) 0 (0%) 2

Unsolicited AEs Any Possibly related An

N = 132c N

D1–D7 post-vaccination 9 (7%) 5 (4%) 7
D8–D28 post-vaccinationb 11 (8%) 0 (0%) 11

Serious AEs 0 (0%) 0 (0%) 0
Deaths 0 (0%) 0 (0%) 0

AE, adverse event; D, day; N, number of children in each group; n (%), number (percentag
for erythema and induration, ‘‘body temperature �40 �C” for fever, and ‘‘preventing norm
resulted in death, was life-threatening, required or prolonged hospitalization, or jeopard
Note:

a Data reported for N = 83 for irritability, and N = 126 (group ACWY-4), 81 (group ACW
b Unsolicited AEs collected from D8 through study end were medically-attended AEs.
c One child from group ACWY-4 was lost to follow-up on D3. Therefore safety data fo
is not readily explained but might suggest that serogroup A bacte-
ria are more dependent on factor H for survival. N. meningitidis
strains express the factor H binding protein, which is able to selec-
tively bind the key negative regulator of the alternative comple-
ment pathway (human factor H), and enables the pathogen to
evade alternative complement-mediated killing by the host innate
(solicited and unsolicited safety sets).

WY-2, n (%) Naïve-60M, n (%)

y Severe Any Severe

= 83 N = 49

(64%) 10 (12%) 37 (76%) 8 (16%)
(53%) 9 (11%) 29 (59%) 7 (14%)
(24%) 9 (11%) 13 (27%) 7 (14%)
(17%) 5 (6%) 10 (20%) 1 (2%)
(40%) 0 (0%) 24 (49%) 0 (0%)
(31%) 1 (1%) 23 (47%) 1 (2%)

(6%) 0 (0%) 4 (8%) 0 (0%)
(11%) 0 (0%) 7 (14%) 0 (0%)
(17%)a 0 (0%) 8 (16%) 0 (0%)

(0%) 0 (0%) 3 (6%) 0 (0%)
(1%) 0 (0%) 1 (2%) 0 (0%)
(5%) 0 (0%) 0 (0%) 0 (0%)
(7%) 1 (1%) 2 (4%) 0 (0%)
(2%) 0 (0%) 3 (6%) 0 (0%)
(2%) 0 (0%) 2 (4%) 0 (0%)

y Possibly related Any Possibly related

= 87 N = 50

(8%) 5 (6%) 6 (12%) 3 (6%)
(13%) 0 (0%) 5 (10%) 0 (0%)

(0%) 0 (0%) 0 (0%) 0 (0%)
(0%) 0 (0%) 0 (0%) 0 (0%)

e) of children in each category. Severe reactions were defined as ‘‘diameter >50 mm”
al daily activity” for all other symptoms. Serious AEs were defined as any event that
ized the child.

Y-2) and 49 (group Naïve-60M) for fever.

r D8 to study termination was not available.
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immune system and to survive in human serum and blood [31].
Factor H is not present in baby rabbit complement, which impacts
the complement-mediated killing of N. meningitidis and leads to
higher titers [32].

We demonstrated that a booster dose of MenACWY-CRM at
60 months of age induced a robust anamnestic response. Although
we observed higher rSBA GMTs than hSBA GMTs for all age groups
and serogroups, the percentages of children with hSBA titers �4
and rSBA titers �8 were comparable. We did not evaluate how
rapidly the anamnestic response could occur at this age, however
a previous study found that 98–100% of adolescents receiving a
booster dose 5 years after primary vaccination with MenACWY-
CRM had hSBA titers �8 by 7 days post-vaccination [27].

Among 60-month-olds, a dose of MenACWY-CRM was well tol-
erated in both primed and naïve children. We observed no differ-
ences between the incidence of AEs in primed children,
regardless of having previously received a 1-, 2- or 4-dose primary
vaccination series. In the current study, the safety profile was sim-
ilar to that reported for 2–5-year-olds receiving 1 dose of
MenACWY-CRM [12].

When assessing the evolution of hSBA and rSBA titers over time
in the same individual, we could not establish any correlation
between the assays for any of the serogroups regardless of age at
priming, number of primary doses or interval since priming. Simi-
lar results were seen in a previous study in adolescents who
received a single dose of either MenACWY-CRM or a quadrivalent
ACWY polysaccharide vaccine [33].

An hSBA titer �4 is considered the accepted correlate of protec-
tion against serogroup C [19], a value which has been extrapolated
to all other meningococcal serogroups, while rSBA titers �8 corre-
late with serogroup C vaccine efficacy estimates from post-
licensure surveillance studies [18]. Consistent with this, another
study showed that the majority of unvaccinated individuals with
rSBA titers �8 also had hSBA titers �4 and that rSBA titers �8 indi-
cated susceptibility to IMD [34]. Thus, even in the absence of a
clear correlation between the two assays, there is evidence that
both hSBA and rSBA can be used to monitor response to vaccina-
tion and persistence of immune response in individuals of all ages.

The decline in hSBA titers over time is known to be age- and
serogroup-dependent [16]. Generally, immune responses against
serogroups C, W and Y tend to be similar whether measured by
hSBA or rSBA, although rSBA GMTs run several-fold higher than
hSBA GMTs. Against serogroup A, however, hSBA and rSBA
responses wane differently, with hSBA titers usually dropping
rapidly post-vaccination, while rSBA titers remain high [16]. Data
from a mass-vaccination campaign with a monovalent serogroup
A conjugate vaccine in African countries also showed this diver-
gence between waning hSBA and relatively-constant rSBA anti-
body levels over 1-year post-immunization [35]. Nevertheless,
there were no cases of serogroup A disease, and nasopharyngeal
carriage remained low in both vaccinated and unvaccinated popu-
lations 2 years after campaign implementation, despite low hSBA
levels [36–38], raising the question of whether rSBA titers could
also be used to evaluate the persistence of the immune response.

The immunogenicity results obtained in our study complement
those obtained in other persistence trials [16], providing evidence
that hSBA antibodies persist for up to 4 years post-MenACWY-CRM
vaccination in all age categories for which it is indicated. However,
this study was limited by the open design and the absence of a con-
trol group. In the primed groups, we enrolled only children who
had previously been vaccinated in the parent study whose par-
ents/legally accepted representatives were willing to participate
in the extension trial; therefore, randomization was not possible
and this led to a slight imbalance between groups in the partici-
pants’ baseline characteristics. While our immunogenicity results
are in agreement with those of other persistence trials [16], we
did not perform any formal statistical analyses. Further, our com-
parisons of hSBA with rSBA assessments for antibody persistence
were limited by the relatively small number of participants who
had both rSBA and hSBA titers assessed, as well as the different
number of previously administered doses within the same age cat-
egory. Finally, in addition to the difference in source complement,
the two assays were performed in different laboratories with each
following its own protocol and strain selection procedure.
5. Conclusions

Vaccination of infants and toddlers with MenACWY-CRM
resulted in moderate antibody persistence against serogroups C,
W and Y at 60 months of age. While hSBA antibody levels against
serogroup A declined over time, high rSBA GMTs were maintained
for up to 4 years post-primary vaccination. A booster dose of
MenACWY-CRM in 60-month-olds elicited a strong anamnestic
response 1 month after vaccination and did not raise any safety
concerns. Regardless of prior vaccination status, a dose of
MenACWY-CRM at 60 months of age was immunogenic and
well-tolerated in all children.
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