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Introduction

Neisseria meningitidis is a gram-negative bacterium present as 
a commensal in the human upper respiratory tract. In a small 
proportion of healthy carriers, the pathogen can enter the blood-
stream and become invasive, causing meningitis, septicemia or a 
combination of both.1 In approximately 10% of cases, invasive 
meningococcal disease (IMD) is a life threatening condition that 
after an abrupt onset of symptoms rapidly progresses to death 
within 24–48 h despite use of vigorous supportive care and 
appropriate antibiotics.2 Additionally, 12% to 19% of survivors 
develop long-term neurologic sequelae such as hearing loss, brain 
damage, and learning disabilities.1,3

Approximately 1.2 million cases of IMD occur annu-
ally worldwide, resulting in about 135 000 deaths per year.4 

Incidence rates are higher among children, in whom protective 
antibodies have not yet developed, in teenagers, and in young 
adults, with an increasing probability of developing severe dis-
ease with age.5,6

Twelve different serogroups of Neisseria meningitidis have 
been identified to date,7 but the vast majority (>90%) of inva-
sive meningococcal infections and epidemics are caused by 
organisms expressing one of the serogroup A, B, C, X, W-135, 
or Y capsular polysaccharide.2 The incidence and serogroup dis-
tribution of meningococcal disease are highly variable between 
countries and change over seasons and years: serogroups B and 
C predominate in Europe, Australia, and New Zealand; sero-
groups A, C, and W-135 are most common in Asia and Africa; 
serogroups B, C, and Y prevail in Canada, US, the Caribbean, 
and Latin America, and serogroup X has caused sporadic and 
clustered meningitis cases in sub-Saharan Africa.4,8
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Neisseria meningitidis is the leading cause of bacterial invasive infections in people aged <15 years in the Russian 
Federation. The aim of this phase III, multicenter, open-label study was to assess the immunogenicity and safety of the 
quadrivalent meningococcal cRM197-conjugate vaccine MenacWY when administered to healthy Russian subjects aged 2 
years and above. a total of 197 subjects were immunized with a single dose of the vaccine, and serogroup-specific serum 
bactericidal activity was measured pre and 1-month post-vaccination with human complement (hsBa) serum titers. 
Regardless of baseline serostatus, 1 month after a single dose of MenacWY-cRM197 85% (95%cI, 79–90%) of subjects 
showed serologic response against serogroup a, 74% (67–80%) against serogroup c, 60% (53–67%) against serogroup W, 
and 83% (77–88%) against serogroup Y. The percentage of subjects with hsBa titers ≥ 1:8 1 month after vaccination was 
89% (83–93%) against serogroup a, 84% (78–89%) against serogroup c, 97% (93–99%) against serogroup W, and 88% 
(82–92%) against serogroup Y. comparable results were obtained across all subjects: children (2 to 10 years), adolescents 
(11 to 17 years), and adults (≥18 years). The MenacWY-cRM197 vaccine showed an acceptable safety profile and was well 
tolerated across all age groups, with no serious adverse events or deaths reported during the study. In conclusion, a 
single dose of meningococcal MenacWY-cRM197 vaccine is immunogenic and has an acceptable safety profile, provides 
a broad protection against the most frequent epidemic serogroups, and is a suitable alternative to currently available 
unconjugated monovalent or bivalent polysaccharide vaccines in Russia.
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In the Russian Federation, N. meningitidis is the pathogen 
most commonly associated with invasive bacterial infections 
in children <15 y.9 A trend toward a decline in the incidence 
of generalized forms of meningococcal infection has been 
observed since 2005,10,11 and the incidence of IMD in 2012 was 
0.88 cases per 100 000.12 Geographical differences exist, and 
whereas the annual incidence among regions ranges from <1 to 
2 cases per 100 000 inhabitants, in some areas it can be as high 
as 2 and 2.5.12 The highest incidence of IMD is observed among 
infants ≤2 y of age,10-12 with serological group B as the most fre-
quently isolated serogroup in sporadic meningococcal cases;10 
serogroups A and C predominate in Russia during epidemic 
periods, although the presence of W-135 and Y serogroups has 
been documented too.10-12

Immunization is an important defense against meningo-
coccal disease. For serogroup B, a multicomponent vaccine 
(Bexsero™, Novartis Vaccines) has been recently approved in 
the European Union, Canada, and Australia, and strain specific 
vaccines are also used to control local outbreaks.13,14 Existing 
vaccines against meningococci of serogroups A, C, W-135, and 
Y include capsular polysaccharide vaccines (PS), and vaccines 
in which the meningococcal polysaccharide antigens are chemi-
cally conjugated to a carrier protein. Although PS vaccines elicit 
a protective immunogenic response, conjugate vaccines are pre-
ferred to PS because they induce higher antibody responses, 
particularly in children <2 y of age, and can elicit an anamnes-
tic response.15,16

MenACWY-CRM
197

, (Menveo®, Novartis Vaccines) is a 
quadrivalent meningococcal conjugate vaccine indicated to pre-
vent invasive meningococcal disease caused by N. meningitidis 
antigens A, C, W-135, and Y. It is comprised of capsular poly-
saccharides from serogroups A, C, W-135, and Y conjugated 
to a non-toxic mutant of diphtheria toxin CRM

197
 as the car-

rier protein. MenACWY-CRM
197

 is licensed for active immu-
nization in the EU, Canada, and Australia to prevent invasive 
meningococcal disease in people aged ≥2 y, and it has also been 
authorized for use in those aged from 2 mo to 55 y in the US.

Phase II and III clinical trials have shown that MenACWY-
CRM

197
 is highly immunogenic and well-tolerated in infants 

and toddlers,17-22 children,23,24 adolescents,25-29 and adults.30-32

The primary objective of this phase III study was to assess 
the immunogenicity of a single injection of MenACWY-
CRM

197
 vaccine in healthy subjects aged ≥2 y from the Russian 

Federation, where there are no quadrivalent meningococcal 
conjugate vaccines currently licensed. The secondary objective 
was to examine the safety profile of the vaccine, and to assess 
outcomes in 3 different age groups: children, adolescents, and 
adults.

Results

All enrolled subjects completed the study except for 1 subject 
from the 2 to 10 y age group for whom consent was withdrawn 
prior to vaccination (Fig. 1). Out of the 197 vaccinated subjects, 
2 in the 2 to 10 y age group and 1 in each of the 2 other groups 

were excluded from the immunogenicity analyses because blood 
samples were not taken or because serogroup results were missing 
(Fig. 1). Demographic characteristics of the overall group and 
individual age-groups of subjects enrolled in the study are shown 
in Table 1. All subjects were of Caucasian origin, and the mean 
age of the overall study population was 19.6 (± 15.9) y, with a 
higher proportion of females (55%), a trend observed for all age 
groups except for adolescents, where 56% of enrolled subjects 
were male.

Immunogenicity
One month after a single dose of MenACWY-CRM

197
, 85% 

of the overall population showed serologic response against sero-
group A, 74% against serogroup C, 60% against serogroup W, 
and 83% against serogroup Y (Table 2 and Fig. 2). Among sub-
jects with pre-vaccination serum bactericidal assay using human 
complement (hSBA) titers < 1:4, a large proportion achieved 
protective hSBA titers ≥ 1:8 after immunization (88%, 77%, 
93%, and 87% against serogroups A, C, W, and Y, respectively) 
(Table 2). The percentage of participants with pre-vaccination 
hSBA titers ≥ 1:4 that achieved seroresponse was 53%, 68%, 
37%, and 70% against serogroup A, C, W, Y, respectively. When 
stratified by age group, the percentage of seroresponders was com-
parable within serogroups: between 77% and 89% against sero-
group A, between 69% and 82% against serogroup C, between 
51% and 73% against serogroup W, and between 77% and 88% 
against serogroup Y (Table 2 and Fig. 2).

In the overall population, pre-vaccination hSBA geometric 
mean titers (GMTs) were low for serogroups A, C, and Y (2.35, 
4.07, and 2.93, respectively), and relatively higher against sero-
group W (12) (Fig. 3). This same trend was observed for all 
age groups. Four weeks after MenACWY-CRM

197
 vaccination, 

GMT titers showed a large increase across all serogroups in the 
overall study population, with the highest increase correspond-
ing to serogroup A (40-fold), followed by serogroup Y (20-fold), 
serogroup C (14-fold), and the lowest increase observed against 
serogroup W (9.33-fold). When assessed by age group, GMTs 
against serogroup A were again the ones with the highest increase 
from baseline (GMR between 30 and 55), with the largest differ-
ence observed for the adolescent group. Against serogroup C, the 
post-vaccination group ratios (GMRs) varied between 7.16 and 
25, and between 11 and 29 against serogroup Y; for both sero-
groups, the largest difference was observed for adults. Changes 
from baseline were lower against serogroup W, being identical for 
adults and children (11-fold increase), and lower for the adoles-
cent group (6.48-fold increase).

The percentage of subjects with hSBA titers ≥ 1:8 in the over-
all study cohort before vaccination was low against serogroups A, 
C, and Y (6%, 26%, and 16%, respectively), and higher against 
serogroup W (57%) (Fig. 4). Four weeks after vaccination, the 
percentages increased against serogroups A, C, W, and Y (89%, 
84%, 97%, and 88%, respectively). Across age groups, younger 
children had the lowest baseline percentages against all sero-
groups compared with adolescents and adults. After vaccination, 
all age groups showed a substantial rise in the percentage of sub-
jects with hSBA titers ≥ 1:8 against all serogroups: for children, 
adolescents and adults, 89%, 92%, and 85% against serogroup 
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A, 76%, 86%, and 89% against serogroup C, 95%, 98%, and 
97% against serogroup W, and 79%, 94%, and 89% against 
serogroup Y, respectively.

Safety and tolerability
Among participants under 5 y, 74% experienced a local reac-

tion within 7 d of MenACWY-CRM
197

 vaccination, which was 
comparable to subjects over 6 y of age (64%) (Tables 3 and 4). 
Among children less than 5 y of age, the most common local 
adverse event (AE) was injection site tenderness (41%), which 
was also the most commonly observed local reaction in the sub-
group of children under 3 y of age (39%) (Table 3). There were 
no severe local AEs in any subjects. Systemic AEs were less fre-
quent among participants 2 to 3 y of age (39%) than in the 4 to 
5 y age group (67%). Injection site pain was the most commonly 
reported local AE in the overall population ≥6 y (48%), and 
occurred at a similar frequency across all age subgroups (42% 
in children 6 to 10 y old, and 50% in adolescents and adults) 
(Table 4). In the study cohort older than 6 y of age, headache, 
malaise, and myalgia were the most common systemic reactions 
(25%, 20%, and 19%, respectively).

Unsolicited AEs after MenACWY-CRM
197

 immunization 
occurred in 17% of the overall population aged ≥2 y, with an 
average 10% of the cases considered to be potentially related 
to the study vaccination: 3% in the 2–10 y age group, 9% in 

the adolescent group, and 18% in the adult group. A total of 
8 subjects (4% of the overall sample population) experienced 
AEs such as infections, pyrexia, headache, cough, or erythema 
that required medical attention, the majority of them in the age 
subgroup of children 2 to 5 y (5 subjects). None of the subjects 
reported serious AEs (SAE), and there were no premature with-
drawals due to AEs.

Discussion

In this phase-III multicenter, open-label study conducted in 
the Russian Federation, where there are no quadrivalent menin-
gococcal conjugate vaccines currently licensed, immunization 
with a single dose of MenACWY-CRM

197
 elicited a robust 

immune response. The percentage of subjects in the overall 
population and in each age subgroup who achieved seroresponse 
1 mo after vaccination was high against all antigens regardless 
of baseline seropositivity. This strong immune response was 
also demonstrated by the percentage of subjects with a protec-
tive post-vaccination hSBA titer ≥ 1:8. Finally, GMTs pre-vac-
cination increased 40-fold against serogroup A, 14-fold against 
serogroup C, 9.33-fold against serogroup W, and 20-fold against 
serogroup Y in the overall population.

Figure 1. study flow diagram and subject disposition.
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The results obtained in children (2 to 10 y) 1 mo after vac-
cination were similar to previous studies conducted in the USA 
and Canada.19,23 The rate of seroresponders aged 2 to 10 y in the 
Halperin study ranged from 61% to 74% across all serogroups, 
which is in accordance with the 69% to 89% observed for this 
same age subgroup in our study. Moreover, the percentage of 
children with meningococcal antibody hSBA titers ≥ 1:8 1 mo 
after immunization in our study (76% to 95% of subjects across 
serogroups) was also similar to the percentage of children achiev-
ing hSBA titers ≥ 1:4 in these 2 previous trials (68–95% across 
serogroups).19,23

For the adolescent age subgroup (11 to 18 y), our results were 
similar to studies conducted in the US25,26 and Costa Rica.28 In 
these previous studies, the range of seroresponse in adolescent 
age groups ranged between 75% and 84%,25,28 in our study it 
was between 82% to 89% for serogroups A, C, and Y, but was 
lower for serogroup W (51% vs. 75–81% in previous studies)25,28 
in accordance with the high baseline titer observed in the current 
study. Additionally, the majority of subjects (86% to 98% across 
serogroups) achieved hSBA titers ≥ 1:8 after 1 mo in our study, 
which is in accordance with the 75% and 99% range seen in the 
3 earlier trials.25,26,28

Table 1. summary of demographic characteristics of the enrolled population, overall and by age group

By age group

Overall
(≥2 y)

n = 198

children
(2 to 10 y)

n = 66

adolescents
(11 to 17 y)

n = 66

adults
(≥18 y)
n = 66

age, mean ± sD (y) 19.6 ± 15.9 6 ± 2.7 13.8 ± 2.1 38.8 ± 12.5

Gender, n

Male 90 (45%) 31 (47%) 37 (56%) 22 (33%)

Female 108 (55%) 35 (53%) 29 (44%) 44 (67%)

Weight, mean ± sD (kg) 51.3 ± 23.4 25.6 ± 10.2 55.1 ± 13.1 73.3 ± 14.6

height, mean ± sD (cm) 152.0 ± 25.9 121.6 ± 19.2 164.3 ± 12.5 164.3 ± 12.5

ethnic origin, n
caucasian 198 (100%) 66 (100%) 66 (100%) 66 (100%)

Table 2. Percentage (95% cI) of subjects with seroresponse 1 mo after MenacWY-cRM197 vaccination by pre-vaccination status, overall and by age 
group

seroresponse (%)
By age group

serogroup sample size seroresponse (%) children adolescents adults

(N of children; adolescents; adults) Overall (2 to 10 y) (11 to 17 y) (≥18 y)

Men a

seronegative (hsBa < 1:4) 176 (61; 60; 55) 88 (82–92) 89 (78–95) 92 (82–97) 84 (71–92)

seropositive (hsBa ≥ 1:4) 17 (2; 5; 10) 53 (28–77) 100 (16–100) 60 (15–95) 40 (12–74)

Overall 193 (63; 65; 65) 85 (79–90) 89 (78–95) 89 (79–96) 77 (65–86)

Men c

seronegative (hsBa < 1:4) 126 (51; 46; 29) 77 (69–84) 71 (56–83) 83 (69–92) 79 (60–92)

seropositive (hsBa ≥ 1:4) 66 (11; 19; 36) 68 (56–79) 64 (31–89) 79 (54–94) 64 (46–79)

Overall 192 (62; 65; 65) 74 (67–80) 69 (56–80) 82 (70–90) 71 (58–81)

Men W

seronegative (hsBa < 1:4) 80 (42; 19; 19) 93 (84–97) 93 (81–99) 95 (74–100) 89 (67–99)

seropositive (hsBa ≥ 1:4) 112 (20; 46; 46) 37 (28–46) 30 (12–54) 33 (20–48) 43 (29–59)

Overall 192 (62; 65; 65) 60 (53–67) 73 (60–83) 51 (38–63) 57 (44–69)

Men Y

seronegative (hsBa < 1:4) 151 (54; 49; 48) 87 (80–92) 78 (64–88) 96 (86–100) 88 (75–95)

seropositive (hsBa ≥ 1:4) 40 (7; 16; 17) 70 (53–83) 71 (29–96) 63 (35–85) 76 (50–93)

Overall 191 (61; 65; 65) 83 (77–88) 77 (65–87) 88 (77–95) 85 (74–92)

seroresponse was defined as the percentage of subjects with post-vaccination hsBa ≥ 1:8 in subjects with a pre-vaccination hsBa < 1:4, and at least a 4-fold 
increase in post-vaccination hsBa in subjects with pre-vaccination hsBa ≥ 1:4.
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In the adults, our results are in agreement with previous tri-
als conducted in the US30 and Latin America.32 The observed 
percentage of responders 1 mo post-vaccination in these 2 stud-
ies was between 50% and 86% across serogroups,30,32 which is 
similar to the observed 57% and 85% in our study. In addition, 
the percentage of subjects who achieved an hSBA titer ≥ 1:8 was 
between 69% and 98% across groups in the 2 previous trials,30,32 
and between 85% and 97% in ours.

From an epidemiological perspective, one interesting result 
of the present study was the high proportion of Russian sub-
jects with pre-vaccination hSBA titers ≥ 1:8 against serogroup 
W (30% in the children’s subpopulation, 71% in adolescents, 
and 69% in adults). However, the percentage of subjects with 
protective titers 1 mo after vaccination was high for all age 
subgroups (95% of children, 98% of adolescents, and 97% of 
adults). The percentage of seropositive children at baseline is in 
accordance with data from a pivotal study conducted in the US 
and Canada (NCT00616421), which found that 35% of chil-
dren had pre-vaccination hSBA titers ≥ 1:8, which increased 
to 90% at day 29. It is also in agreement with the Halperin 
study conducted in the US, which showed 39% of children 

with baseline hSBA titers ≥ 1:4.23 In the adolescent and adult 
population, another pivotal study conducted in the US found 
that 40% of adolescents, and 65% of adults had pre-vaccination 
hSBA titers ≥ 1:8 (NCT00450437), and 96% and 94% of sub-
jects had protective titers 1 mo post-vaccination. Interestingly, 
2 additional trials conducted in Taiwan and Korea obtained 
similar results (NCT01410474 and NCT01274897, respec-
tively). In the Taiwan study, the percentage of subjects with 
baseline hSBA titers ≥ 1:4 was 49% for the 2 to10 y group, and 
71% for the 11 to 18 y group, and seroprotective levels at day 
29 were achieved by 93% and 99% of subjects, respectively. 
In the Korean study, 89% of subjects aged 11 to 59 y had pre-
vaccination hSBA titers ≥ 1:4, and seroprotection at day 29 was 
achieved by 98% of subjects. Reasons for high percentages of 
seropositive subjects against serogroup W (as also observed in 
Taiwan and Korea) may include nasal colonization, cross-react-
ing antibodies induced by non-meningococcal bacteria,33 and 
an increased prevalence in the carriage of W-135 following the 
widespread use of MenA/C vaccines, as previously reported in 
Africa.34 The rates of N. meningitidis in interepidemic periods 
are between 10% and 35% in healthy individuals, and increase 

Figure 2. Percentage (95%cI) of subjects who achieved seroresponse 1 mo after immunization with MenacWY-cRM197. seroresponse was defined as the 
percentage of subjects with post-vaccination hsBa ≥ 1:8 in subjects with a pre-vaccination hsBa < 1:4, and at least a 4-fold increase in post-vaccination 
hsBa in subjects with pre-vaccination hsBa ≥ 1:4.
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in overcrowded settings or confined populations such univer-
sity students, household contacts of meningitis cases or mili-
tary recruits, where carriage rates higher than 70% have been 
described.35 Active immune sensitization in response to carriage 
of low virulence meningococcal strains in the nasopharynx has 
been previously described, and found to correlate positively 
with increasing age.33,35 Although W-135 is considered a low-
virulence meningococcal serogroup, it has been responsible for 
multinational outbreaks in 2000 that started in the Eastern 
Mediterranean region after the Hajj pilgrimage season, and 
recent invasive cases in France which have been related to a 
history of travel to the Western African belt.36,37 The incidence 
of IMD due to this serogroup in the Russian Federation is rela-
tively low, estimated to be about 0.8% of all laboratory con-
firmed cases.10 However, naturally immunized subjects cannot 
be considered free of risk because although pre-existing titers 
are in general protective, subjects may still develop the disease.38

The safety and tolerability profile after MenACWY-CRM
197

 
vaccination was also similar to data previously reported by other 
studies, and comparable within the corresponding age sub-
groups.2,19,23,25,26,28,29 Most of the solicited adverse events in our 
study were mild or moderate in intensity, and were resolved 
within 7 d of vaccination. There were no differences in the rates 
or type of local reactions across age groups; systemic reactions 
were observed in a similar proportion of children, adolescents, 
and adults (39% to 45%), and were less frequent among subjects 
6 to 10 y of age (32%).

The present trial has shortcomings that must be acknowl-
edged. First, the study enrolled a relatively small sample size; 
this was calculated based on the results from previous pivotal 
studies conducted in US, EU, Canada, and other countries 
that evaluated the safety and reactogenicity of MenACWY-
CRM

197
,39 and was considered to be adequate to observe the 

expected immune response. Second, the open-label design did 
not include a vaccine comparator or a placebo arm, but previ-
ous phase II and III trials have compared MenACWY-CRM

197
 

to unconjugated quadrivalent PS vaccines and other available 
quadrivalent conjugated vaccines, and it was found to be non-
inferior, and well tolerated with an acceptable safety profile.39 
Third, and inherent to all pre-licensing trials, the limited sample 
size and short-term follow-up prevents an accurate assessment 
of rare, delayed, or infrequent adverse events after immuniza-
tion that will need to be evaluated through post-license safety 
monitoring.40 However, considering that several previous stud-
ies have evaluated the safety and reactogenicity of MenACWY-
CRM

197
, some of them with concomitant administration of 

other vaccines, new safety concerns are not expected. Finally, 
we did not evaluate the long-term persistence of antibody levels, 
but previous studies conducted in the US have reported that a 
single dose of MenACWY-CRM

197
 in children 2 to 10 y of age 

maintained a broad response after 1 y of immunization, and in 
adolescents immune response has been shown to persist up to 2 
to 5 y after vaccination.13,27,29

Figure 3. hsBa GMT titers before and 1 mo after MenacWY-cRM197 vaccination.
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The only registered quadrivalent meningococcal vaccines 
for use in the Russian Federation are unconjugated PS, and 
among conjugated vaccines, only monovalent ones against sero-
group C. Given the impossibility of predicting future serogroup 
distributions by geographical area, season, or year, quadriva-
lent vaccines against A, C, W-135, and Y serogroups allow a 
broad-based protection that can lead to a reduction in disease 
and IMD incidence, particularly in populations at high-risk. 
Among available quadrivalent preparations, conjugated vac-
cines are recommended over PS vaccines because they elicit a 
stronger immunogenic response, especially in children <2 y 
of age. Moreover, they are able to elicit immunologic memory 
and long-term protection, decrease oropharyngeal carriage, and 
have the potential to result in herd immunity.15,16

In summary, the results of the present study show that a sin-
gle dose of quadrivalent MenACWY-CRM

197
 conjugate vaccine 

is able to elicit a robust immunogenic response, and has a good 
safety and tolerability profile in the healthy Russian popula-
tion above 2 y of age. In addition, these results were confirmed 
across a full spectrum of age ranges including children, ado-
lescents, and adults. This study shows that this quadrivalent 
meningococcal conjugate vaccine provides a broad protection 
against the most frequent epidemic serogroups, making it a 
useful alternative with an acceptable safety profile to currently 
available unconjugated PS monovalent or bivalent vaccines in 
Russia.

Methods

Study design and objectives
Novartis study V59_50 (ClinicalTrials.gov identifier 

NCT01725217) was a phase III, multicenter, open-label, single-
arm study in healthy subjects ≥2 y of age conducted between 
November 2012 and March 2013 at 4 sites in the Russian 
Federation. The local institutional review boards approved the 
protocol. Written informed consent was obtained from each sub-
ject ≥18 y of age, written assent was obtained from subjects 11 to 
18 y of age, and the parent/legal representative provided written 
informed consent in the case of subjects 2 to 18 y of age. The 
study was conducted in accordance with the principles of the 
Declaration of Helsinki and Good Clinical Practice.

We enrolled healthy subjects stratified into 3 different age 
groups: 2 to 10 y, 11 to 17 y, and 18 y and above. Subject dis-
position and study design are illustrated in Figure 1. The objec-
tives of the study were to evaluate the immunogenicity of a single 
injection of MenACWY-CRM

197
 29 d after primary immuniza-

tion in the overall sample and by age group, to provide an indica-
tion of any age-specific variation in the immune response to the 
administered vaccine, and to assess the safety profile following 
MenACWY-CRM

197
 vaccination.

Study subjects
A total of 198 healthy subjects ≥2 y of age of both sexes were 

enrolled in the trial. Good health was determined by medical 

Figure 4. Percentage (95% cI) of subjects with hsBa titers ≥ 1:8 1 mo after MenacWY-cRM197 vaccination.
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history, physical examination, and the clinical judgment of the 
investigator. Main exclusion criteria were previously suspected 
or confirmed disease caused by N. meningitidis, exposure to an 
individual with culture-proven N. meningitidis infection within 
60 d before enrolment, previous immunization with a meningo-
coccal vaccine or a vaccine containing meningococcal antigen(s), 
receipt of any investigational drug or live vaccine within 28 d 
or any inactivated vaccine within 14 d of enrolment, except for 
Influenza vaccine if administered up to 15 d prior to study vac-
cination, and at least 15 d after study vaccination. We further 
excluded individuals who had experienced a significant acute 
infection within the 7 d prior to enrolment, fever (defined as body 
temperature ≥38 °C) within 3 d prior to enrolment, who had 
any serious acute, chronic, or progressive disease, had epilepsy or 
any progressive neurological disease or history of Guillain–Barré 
syndrome, who had a history of any anaphylaxis, serious vaccine 
reaction, or allergy to any vaccine components including diph-
theria toxin (CRM

197
), who had a known or suspected acquired 

or congenital immune dysfunction, or were known to have a 

bleeding diathesis or any condition that may be 
associated with a prolonged bleeding time.

Vaccines and vaccinations
All subjects received a single dose (0.5 mL) 

of MenACWY-CRM
197

 (Menveo®, Novartis 
Vaccines) administered by intramuscular injec-
tion, preferably in the deltoid area of their non-
dominant arm. The vaccine consisted of 10 μg 
of lyophilized meningococcal serogroup A 
capsular polysaccharide, and 5 μg of capsular 
polysaccharide of serogroups C, W-135, and Y, 
conjugated to CRM

197
.

Immunogenicity
To evaluate the immune response, a blood 

sample was obtained on day 1 before adminis-
tration of the study vaccine (pre-vaccination), 
and 28 d after immunization (day 29). The 
elicited immunogenicity was measured by 
hSBA against the 4 meningococcal serogroups 
(MenA, MenC, MenW, and MenY), and was 
performed at Novartis Vaccines laboratory in 
Marburg, Germany.17

The immunogenicity of each serogroup was 
measured through hSBA response and hSBA 
GMTs obtained after back transformation of 
the mean of the logarithmically transformed 
(base 10) titers at baseline, and 1 mo post-
vaccination. Seroresponse was defined as the 
percentage of subjects with post-vaccination 
hSBA ≥ 1:8 in subjects with a pre-vaccination 
hSBA < 1:4, and at least a 4-fold increase in 
post-vaccination hSBA in subjects with pre-
vaccination hSBA ≥ 1:4.

Safety
Vaccinated subjects were observed for 

approximately 30 min after each immuniza-
tion to monitor for immediate adverse reac-

tions. The safety profile of the study vaccine was evaluated from 
days 1 through 7 for selected solicited local and systemic AEs 
and for unsolicited AEs. Solicited local AEs were tenderness, ery-
thema, and induration for children 2 to 5 y, and pain, erythema, 
and induration for subjects aged above 6 y. Systemic solicited 
AEs were fever (body temperature ≥ 38 °C), change in eating 
habits, sleepiness, irritability, vomiting, diarrhea, rash, and other 
reactions (use of antipyretics or analgesics) for the group 2 to 5 y, 
and fever, chills, nausea, malaise, myalgia, arthralgia, headache, 
rash, and other reactions (use of antipyretics or analgesics) for 
subjects older than 6 y. Events were considered as severe if the 
subject was unable to perform normal daily activities. All SAEs, 
medically attended AEs, and premature withdrawals due to AEs 
were recorded throughout the study.

Statistical methods
Endpoints for each serogroup were descriptively reported for 

the overall study population and by age group. We calculated 
the numbers, percentages, and 95% confidence intervals (CI) 

Table 3. summary of subjects 2 to 5 y of age experiencing local and/or systemic solicited 
reactions within a week of a single dose of MenacWY-cRM197, overall and by age group

Overall By age group

children children children

(2 to 5 y) (2 to 3 y) (4 to 5 y)

n = 27 n = 18 n = 9

any reaction, n (%) 20 (74) 13 (72) 7 (78)

any local reactions, n (%) 16 (59) 10 (56) 6 (67)

Reactions, n (%)

Tenderness, any 11 (41) 7 (39) 4 (44)

Tenderness, severe 0 0 0

erythema, any 7 (26) 5 (28) 2 (22)

erythema > 100 mm 0 0 0

Induration, any 5 (19) 3 (17) 2 (22)

Induration > 100 mm 0 0 0

any systemic reactions, n (%)

Reactions, n (%) 13 (48) 7 (39) 6 (67)

change in eating habits 1 (4) 1 (6) 0

sleepiness 9 (33) 5 (28) 4 (44)

Irritability 7 (26) 3 (17) 4 (44)

Vomiting 1 (4) 0 1 (11)

Diarrhea 3 (11) 2 (11) 1 (11)

Rash, any 1 (4) 1 (6) 0

Rash, urticarial 0 0 0

Body temperature (≥38 °c 
– Fever)

1 (4) 1 (6) 0

Other reactions, n (%)

Body temperature ≥ 40 °c 0 0 0

Use of analgesics/antipyretics 2 (7) 0 2 (22)
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of the percentage of subjects who achieved seroresponse, and 
who had pre- and post-vaccination hSBA titers ≥ 1:8. Pre- and 
post-vaccination GMTs and their associated 95% CIs were 
also calculated for each serogroup overall and by age group. 
Immunogenicity analyses were performed in the full analysis set 
(FAS), defined as subjects who received the study vaccination 

and provided evaluable serum samples with assay results avail-
able, for at least one serogroup, at baseline and at day 29. Safety 
data were summarized providing the frequency and proportion 
of participants reporting an event, and were conducted for all 
subjects who received the study vaccine and provided any safety 
data.

Table 4. summary of subjects ≥6 y of age experiencing local and/or systemic solicited reactions within a week of a single dose of MenacWY-cRM197, overall 
and by age group

By age group

Overall children adolescents adults

(≥ 6 y) (6 to 10 y) (11 to 17 y) (≥18 y)

n = 170 n = 38 n = 66 n = 66

any reaction, n (%) 108 (64) 22 (58) 42 (64) 44 (67)

Local reactions, any, n (%)

Reactions, n (%) 90 (53) 18 (47) 33 (50) 39 (59)

Injection site pain, any 82 (48) 16 (42) 33 (50) 33 (50)

Injection site pain, severe 5 (3) 2 (5) 0 3 (5)

erythema, any 30 (18) 7 (18) 12 (18) 11 (17)

erythema, >100 mm 3 (2) 1 (3) 1 (2) 1 (2)

Induration, any 23 (14) 4 (11) 11 (17) 8 (12)

Induration, >100 mm 3 (2) 1 (3) 1 (2) 1 (2)

systemic reactions, any, n (%)

Reactions, n (%) 68 (40) 12 (32) 30 (45) 26 (39)

chills, any 16 (9) 3 (8) 5 (8) 8 (12)

chills, severe 1 (1) 1 (3) 0 0

Nausea, any 13 (8) 1 (3) 7 (11) 5 (8)

Nausea, severe 2 (1) 0 1 (2) 1 (2)

Malaise, any 34 (20) 6 (16) 15 (23) 13 (20)

Malaise, severe 6 (4) 1 (3) 3 (5) 2 (3)

Myalgia, any 33 (19) 5 (13) 19 (29) 9 (14)

Myalgia, severe 5 (3) 2 (5) 0 3 (5)

arthralgia, any 15 (9) 1 (3) 7 (11) 7 (11)

arthralgia, severe 0 0 0 0

headache, any 43 (25) 7 (18) 18 (27) 18 (27)

headache, severe 2 (1) 1 (3) 1 (2) 0

Rash, any 4 (2) 1 (3) 0 3 (5)

Rash, urticarial 1 (1) 0 0 1 (2)

Body temperature (≥38 °c- Fever) 5 (3) 2 (5) 2 (3) 1 (2)

38 °c-38.4 °c 1 (1) 1 (3) 0 0

38.5 °c-38.9 °c 3 (2) 1 (3) 1 (2) 1 (2)

Other reactions, n (%)

39 °c-39.4 °c 0 0 0 0

39.5 °c-39.9 °c 1 (1) 0 1 (2) ≥40 °c

≥40 °c 0 0 0 0

Use of analgesics/antipyretics 19 (11) 7 (18) 6 (9) 6 (9)
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