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Neisseria meningitidis is a leading cause of bacterial meningitis in the United States, with the highest case
fatality rates reported for individuals >15 years of age. This study compares the safety and immunogenicity of
the Novartis Vaccines investigational quadrivalent meningococcal CRM197 conjugate vaccine, MenACWY-
CRM, to those of the licensed meningococcal conjugate vaccine, Menactra, when administered to healthy
adults. In this phase III multicenter study, 1,359 adults 19 to 55 years of age were randomly assigned to one
of four groups (1:1:1:1 ratio) to receive a single dose of one of three lots of MenACWY-CRM or a single dose
of Menactra. Serum samples obtained at baseline and 1 month postvaccination were tested for serogroup-
specific serum bactericidal activity using human complement (hSBA). The hSBA titers following vaccination
with MenACWY-CRM and Menactra were compared in noninferiority and prespecified superiority analyses.
Reactogenicity was similar in the MenACWY-CRM and Menactra groups, and neither vaccine was associated
with a serious adverse event. When compared with Menactra, MenACWY-CRM met the superiority criteria for
the proportions of recipients achieving a seroresponse against serogroups C, W-135, and Y and the proportion
of subjects achieving postvaccination titers of >1:8 for serogroups C and Y. MenACWY-CRM’s immunoge-
nicity was statistically noninferior (the lower limit of the two-sided 95% confidence interval was more than
�10%) to that of Menactra for all four serogroups, with the postvaccination hSBA geometric mean titers being
consistently higher for MenACWY-CRM than for Menactra. MenACWY-CRM is well tolerated in adults 19 to
55 years of age, with immune responses to each of the serogroups noninferior and, in some cases, statistically
superior to those to Menactra.

Neisseria meningitidis is a leading cause of bacterial menin-
gitis in the United States (11). While the incidence of menin-
gococcal disease is highest in infants, the highest case fatality
rates are observed among older subjects: 4.6% in children �15
years of age, 22.5% in individuals 15 to 24 years of age, and
16.5% in adults �25 years of age (5). In 2007, approximately
72% of all cases of meningococcal disease in the United States
were reported in individuals �18 years of age (4a).

Two quadrivalent meningococcal vaccines, for prevention of
meningococcal disease caused by serogroups A, C, W-135, and
Y, are available in the United States: an unconjugated poly-
saccharide vaccine (MPSV4 [Menomune]; Sanofi Pasteur, Inc.,
Swiftwater, PA) and a diphtheria toxoid protein conjugated
vaccine (Menactra; Sanofi Pasteur, Inc., Swiftwater, PA). In
the United States, the quadrivalent meningococcal polysaccha-
ride protein conjugate vaccine is currently recommended for
all persons 11 to 18 years of age and for those persons 2 to 55
years of age who are at increased risk of meningococcal disease
(4). This vaccine is only available in the United States and
Canada. Outside North America, polysaccharide vaccines are
the only quadrivalent meningococcal vaccines available.

To expand the options for prevention of meningococcal dis-

ease, an investigational quadrivalent meningococcal CRM197

conjugate vaccine (MenACWY-CRM; Novartis Vaccines, Si-
ena, Italy) was recently developed. Studies have shown that
MenACWY-CRM is well tolerated and elicits robust immu-
nogenicity when administered to infants as young as 2 months
of age (10, 12), as well as children (2a) and adolescents (9). A
large, randomized, controlled, direct comparative phase III study
was recently completed, examining the safety and immunogenic-
ity of MenACWY-CRM versus those of Menactra when admin-
istered to healthy subjects 11 to 55 years of age. Due to differ-
ences in expected immune responses between adolescents
and adults, the predefined analyses were powered and ana-
lyzed separately for the 11- to 18-year-old and 19- to 55-
year-old groups. The larger adolescent age stratum included
in the study was powered to demonstrate the consistency of
the immune response to three lots of MenACWY-CRM,
and the results showed that MenACWY-CRM generated a
significantly higher immune response to all four serogroups
than Menactra (8). Here, we present the analysis of the
safety and immunogenicity of MenACWY-CRM versus
those of Menactra among the adult subjects 19 to 55 years
of age.

MATERIALS AND METHODS

A phase III multicenter, randomized, controlled study was conducted in the
United States to evaluate the safety and immunogenicity of MenACWY-CRM
compared with those of Menactra in healthy subjects 11 to 55 years of age.
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Institutional Review Board approval of the protocol was obtained prior to en-
rollment, and written informed consent was obtained from each subject.

Subjects. Healthy subjects 11 to 55 years of age were eligible for inclusion in
the study; data from those subjects 19 to 55 years of age are the focus of the
current analysis. Subject exclusion criteria included household contact with or
intimate exposure to an individual with N. meningitidis infection in the 60 days
pre-enrollment, previous vaccination with a meningococcal vaccine, receipt of
any vaccine within a period of 1 month prior to enrollment, serious acute or
chronic illness, or history of hypersensitivity to any vaccine component. Data
were collected on the history of previous diphtheria-tetanus-containing vaccina-
tions within the previous 5 years.

Subjects were randomly allocated 1:1:1:1 to one of four groups (MenACWY-
CRM lot 1, lot 2, or lot 3 or Menactra). Randomization was implemented using
four-subject blocks and stratified by center via an interactive voice response
system (IVRS) provided by an external vendor. An unblinded member of the
study site staff called the IVRS, and based on the age of the subject (adult or
adolescent) and on the site, the IVRS assigned a subject number and treatment
group.

Study vaccines. Each dose of the study vaccine (MenACWY-CRM) consisted
of two components: one component contained 10 �g of lyophilized meningococ-
cal serogroup A capsular polysaccharide conjugated to CRM197 (MenA), and the
other contained 5 �g each of capsular polysaccharide of serogroups C, W-135,
and Y, conjugated to CRM197 in 0.5 ml of phosphate-buffered saline, which was
used to reconstitute the lyophilized MenA component before injection. The lots
differed by batch number only. The comparator vaccine (Menactra) contained 4
�g of capsular polysaccharide from each serogroup (A, C, Y, and W-135) co-
valently bound to diphtheria toxoid protein in each 0.5-ml dose. All subjects
received a single dose (0.5 ml) of vaccine administered intramuscularly in the left
deltoid area.

Safety monitoring. Subjects were observed for 30 min postvaccination for any
local or systemic reactions or for hypersensitivity reactions. The oral temperature
was recorded, and the subjects were given diary cards to record any local (pain,
erythema, and induration) or systemic (chills, nausea, malaise, myalgia, arthral-
gia, headache, and rash) reactions that occurred between days 1 and 7. Any
adverse events (AEs) requiring medical attention were recorded for 1 month
postvaccination, and any medically significant and serious AEs (SAEs) were
recorded for 6 months postvaccination.

Serology. Blood samples (20 ml) were obtained at baseline immediately prior
to vaccination and 1 month postvaccination. The immunogenicity of study vac-
cines was evaluated using serum bactericidal activity using human complement
(hSBA) for meningococcal serogroups A, C, W-135, and Y at the laboratories of
Novartis Vaccines, Marburg, Germany, according to methods described previ-
ously (12).

Statistical methods and analyses. The larger, adolescent arm of this study,
which was specifically powered to demonstrate the consistency of the immune
response to three lots of MenACWY-CRM, confirmed that these lots had similar
reactogenicity and immunogenicity profiles. Therefore, data from these three
lots in the adult arm of this study were pooled according to the protocol to
determine the following prespecified end points: the proportion of serore-
sponders, the proportion of subjects with a postvaccination hSBA titer of �1:8,
and the postvaccination hSBA geometric mean titer (GMT). Seroresponse was a
composite end point defined by increases in the hSBA titer from pre- to post-
vaccination. If the prevaccination titer was below the limit of detection (�1:4),
seroresponse was defined by seroconversion to a postvaccination titer of �1:8. If

the prevaccination titer was �1:4, seroresponse was defined by a fourfold or
greater increase in titer from pre- to postvaccination.

The statistical criteria defining noninferiority and statistical superiority for
each end point were prespecified in the study protocol. For the proportion of
subjects achieving a seroresponse and those with a postvaccination hSBA titer of
�1:8, the two-sided 95% confidence interval (CI) for the difference in propor-
tions (MenACWY-CRM minus Menactra) was determined first; noninferiority
was defined if the lower limit (LL) of the two-sided 95% CI was more than
�10%, and superiority was defined if the LL was �0%. For the GMT end point,
the immunogenicity of MenACWY-CRM was considered noninferior to the
immunogenicity of Menactra if the LL of the two-sided 95% CI around the ratio
of the GMTs (MenACWY-CRM:Menactra) was �0.5; superiority was defined as
an LL of �1.0. All statistical analyses were performed using SAS software,
version 9.1 or higher (SAS Institute, Cary, NC).

RESULTS

Subject characteristics. A total of 1,359 subjects (19 to 55
years of age) were enrolled at 44 sites in the United States
between March and July 2007. Subject characteristics were
similar between the study groups (Table 1). Of the 1,359 sub-
jects enrolled, 1,324 completed the study according to protocol
(Fig. 1). Five subjects from the MenACWY-CRM group were
not vaccinated due to inappropriate enrollment (n � 3), ad-
ministrative reasons (n � 1), or an inability to classify (an adult
enrolled into a pediatric practice was refused a physical exam-
ination) (n � 1) (Fig. 1). Of the subjects who were vaccinated,
30 subjects withdrew from the study: 28 were lost to follow-up,
1 withdrew consent, and 1 withdrew following a protocol de-
viation (Fig. 1).

Safety and tolerability. Pain was the most commonly re-
ported solicited local reaction and was reported by 38.4% and

FIG. 1. Subject disposition flowchart.

TABLE 1. Subject characteristics

Characteristic

No. of subjects vaccinated with:

MenACWY-CRM
(n � 1,023)

Menactra
(n � 336)

Mean age �yr (SD)� 39.0 (9.6) 38.7 (9.9)

Male �no. (%)� 249 (24) 84 (25)

Race/ethnicity �no. (%)�
Asian 37 (4) 8 (2)
Black 85 (8) 34 (10)
Caucasian 828 (81) 261 (78)
Hispanic 60 (6) 29 (9)
Other 13 (1) 4 (1)
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40.8% of MenACWY-CRM and Menactra recipients, respec-
tively (Table 2). All but three cases (all in the MenACWY-
CRM group) were reported as mild or moderate. Erythema
and induration were reported by �16.4% of subjects in each
group, and the majority of instances of erythema (72.6 to
85.2%) or induration (71.4 to 86.0%) were classed as mild (0 to
25 mm in diameter). The most commonly reported solicited
systemic reactions were headache, myalgia, and malaise, which
were reported in similar proportions of subjects in each group
(Table 2). Other indicators of reactogenicity, including the use
of analgesic/antipyretic medication (MenACWY-CRM, 23.6%;
Menactra, 22.0%) and staying at home due to a reaction
(MenACWY-CRM, 1.7%; Menactra, 0.9%), were similar be-
tween vaccine groups (Table 2). Fever was uncommon, being
reported by �1% of recipients in each group (Table 2).

SAEs were reported by 0.7% and 0.9% of MenACWY-
CRM and Menactra recipients, respectively. No SAEs oc-
curred that were considered to be possibly or probably related
to the study vaccines, and no deaths occurred.

Immunogenicity. The percentages of seroresponders were
consistently higher in the MenACWY-CRM group than in the
Menactra group for serogroups C (67% versus 58%), W-135
(50% versus 41%), and Y (56% versus 40%), while the per-
centages were similar in the two vaccine groups for serogroup
A (67% versus 68%) (Table 3). Noninferiority of the propor-
tion of seroresponders to MenACWY-CRM compared with

that to Menactra was demonstrated for all four serogroups,
and statistical superiority criteria were met for serogroups C,
W-135, and Y (Table 3). In post hoc analyses restricted to
those subjects who were seronegative (hSBA titer of �1:4) at
baseline, a higher proportion of subjects achieved an hSBA
titer of �1:8 for serogroups C, W-135, and Y following vacci-
nation with MenACWY-CRM than with Menactra (Table 3).

The proportions of subjects with an hSBA titer of �1:8 1
month postvaccination were 69 to 94% following vaccination
with MenACWY-CRM and 70 to 90% following vaccination
with Menactra (Table 3). Using the proportion of subjects with
an hSBA titer of �1:8 as the end point, the response to
MenACWY-CRM was noninferior compared with that to
Menactra for all four serogroups and met the criteria for sta-
tistical superiority for serogroups C and Y (Table 3).

Prevaccination GMTs were similar for all four serogroups
across vaccine groups. At 1 month postvaccination, the GMTs
showed a large increase for all four serogroups across both
vaccine groups. The GMTs to serogroup A with MenACWY-
CRM were noninferior to those with Menactra (31 versus 30),
but the GMTs with MenACWY-CRM were consistently sta-
tistically superior to those with Menactra for serogroups C (52
versus 32), W-135 (111 versus 69), and Y (44 versus 21) (Table
3 and Fig. 2).

DISCUSSION

These results confirm that MenACWY-CRM is well toler-
ated and immunogenic when administered to adults 19 to 55
years of age. The primary end point in the larger adolescent
arm of this study was a lot-to-lot comparison, which confirmed
that there were no differences in immunogenicity or reactoge-
nicity profiles between lots (8). This result permitted the com-
parison of the combined MenACWY-CRM lots with Menactra
in both age groups. The rates of local reactions were slightly
higher in the MenACWY-CRM group, and in contrast, the
rates of systemic reactions were slightly higher in the Menactra
group. Overall, both MenACWY-CRM and Menactra were
well tolerated, with similar reactogenicity profiles, and no un-
expected or otherwise clinically significant AEs related to the
vaccines administered were reported in this study.

Following vaccination with MenACWY-CRM, the immune
response, measured by hSBA GMT and seroresponse and
highlighted in the reverse cumulative distribution curves (Fig.
2), was statistically superior for serogroups C, W-135, and Y in
comparison to the immune response of Menactra. Using the
proportion of subjects with a postvaccination hSBA titer of
�1:8, noninferiority of MenACWY-CRM to Menactra was
demonstrated for all four serogroups, and statistical superiority
criteria were met for serogroups C and Y. These results are
similar to those reported for adolescents in this study (9), in
which the immune response to MenACWY-CRM, measured
by hSBA GMT, was greater for all serogroups. However, in
this study, subtle differences were noted in the immune re-
sponse to serogroups A and C in the two age groups. In the
adolescent group, statistical superiority criteria were met for
all serogroups when using GMTs as the end point and for
serogroups C, W-135, and Y when seroresponse and the pro-
portion of subjects with a postvaccination hSBA titer of �1:8
were used as the end points. In comparison, statistical superi-

TABLE 2. Solicited local and systemic reactions following
vaccination with MenACWY-CRM or Menactra

Type of reaction Severity

% of subjects with reaction
following vaccination with:

MenACWY-CRM
(n � 1,018)

Menactra
(n � 336)

Local
Pain Any 38.4 40.8

Severe 0.3 0
Erythema Any 16.4 12.2

�50 mm in
diameter

2.8 0.9

Induration Any 12.6 8.6
�50 mm in

diameter
1.4 0.3

Systemic
Chills Any 4.0 3.6

Severe 0.1 0
Nausea Any 7.2 5.4

Severe 0.4 0.3
Malaise Any 10.0 10.1

Severe 0.9 1.5
Myalgia Any 14.0 14.9

Severe 0.5 1.5
Arthralgia Any 5.9 6.0

Severe 0.4 0.9
Headache Any 24.9 25.0

Severe 1.6 1.5
Fever (�38°C) Any 0.9 0.6

Other
Analgesic/antipyretic

used
23.6 22.0

Stayed at home due
to reaction

1.7 0.9
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ority criteria were not met for serogroup A using any end point.
The reason for this difference between the two age groups is not
clear.

While the clinical relevance of these higher hSBA GMT
immune responses is difficult to assess, these results nonethe-
less suggest that the efficacy of MenACWY-CRM should be at
least comparable to that of Menactra. Furthermore, the long-
term persistence of the hSBA titers to the four vaccine sero-
groups following MenACWY-CRM vaccination is currently
unknown, although studies to assess the persistence of the
immune response following vaccination with MenACWY-
CRM in various age groups are either ongoing or planned.

Immune response differences between MenACWY-CRM
and Menactra may be related to differences in the carrier
proteins used in each vaccine, namely, CRM197 and diphtheria
toxoid, respectively. As CRM197 is a nontoxic mutant of the
diphtheria toxin, it does not require detoxification using form-
aldehyde or glutaraldehyde, a process employed in the prepa-
ration of diphtheria toxoids that can cause extensive cross-
linking of the carrier protein to accessory antigens, with
significant epitope modification (3). Additional features of the
vaccine-manufacturing process for MenACWY-CRM that may
contribute to these differences in immune responses include
the techniques for producing oligosaccharides within a pre-
specified size range, the chemical linker used in the conjuga-
tion process, and the selective conjugation chemistry. These

enable the generation of a consistent, reproducible, and well-
characterized vaccine product with MenACWY-CRM (1).

Due to the dynamic and varied nature of global meningo-
coccal disease epidemiology, protection against as many sero-
groups as possible is desirable, particularly for high-risk groups,
such as infants and adolescents. Vaccination is also important
in populations such as young adults (notably, matriculating
college students), military personnel, people with asplenia or
terminal complement deficiencies, and travelers to or people
residing in areas where meningococcal disease is endemic.
Currently, the U.S. Advisory Committee on Immunization
Practices (ACIP) recommends vaccination with a quadrivalent
meningococcal polysaccharide protein conjugate vaccine for
these groups (2). However, there are no general recommen-
dations for children and adolescents in most European coun-
tries, due to the relatively low incidence of vaccine-preventable
meningococcal disease, apart from that caused by serogroup C.
Broad meningococcal protection has particular relevance for
adults, given that the serogroup distribution of meningococcal
disease shifts with age, with serogroup Y contributing dispro-
portionately in older age groups (6). Recent data show sero-
group Y to be responsible for approximately 44% of cases of
meningococcal disease in individuals �18 years of age in the
United States, compared with 18% in individuals �18 years of
age (http://www.cdc.gov/ncidod/dbmd/abcs/survreports/mening07

FIG. 2. Reverse cumulative distribution of hSBA titers for serogroups A (A), C (B), W-135 (C), and Y (D) prior to and 1 month after
vaccination with MenACWY-CRM or Menactra.
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.pdf), and the incidence of serogroup Y is also increasing in
countries such as Colombia (7).

In summary, the results of this study show that MenACWY-
CRM is well tolerated and highly immunogenic, with a robust
immunogenicity profile that compares favorably with that of
the currently licensed diphtheria toxoid protein conjugate vac-
cine. These results build upon previous studies demonstrating
the safety and immunogenicity of MenACWY-CRM across a
full spectrum of age ranges (9, 10, 12; Black et al., submitted)
and suggest that this vaccine has the potential to be a highly
effective tool to help prevent invasive meningococcal disease
caused by serogroups A, C, W-135, and Y in populations at
risk.
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