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Abstract Nimenrix� (MenACWY-TT) is a quadrivalent meningococcal conjugate vaccine,
comprising the polysaccharide serogroups A, C, W135 and Y, and tetanus toxoid
(TT) as carrier protein. It is the first quadrivalent vaccine (administered as a single
dose) to be approved in Europe for active immunization of individuals aged
‡12 months against invasive meningococcal disease caused by Neisseria me-
ningitidis serogroups A, C, W135 and Y.
Administration of a single dose of Nimenrix� elicited a strong immune re-

sponse against all four vaccine serogroups in healthy toddlers aged 12–23 months,
children and adolescents aged 2–17 years and adults aged 18–55 years in ran-
domized, multicentre, phase III trials. In toddlers, Nimenrix� was noninferior to
Meningitec� in terms of seroresponse rates against meningococcal serogroup C
42 days post-vaccination. In children, adolescents and adults, Nimenrix� was
noninferior to Mencevax� in terms of vaccination response rates against all four
serogroups 1month post-vaccination. Furthermore, several phase II studies and a
phase III trial showed that the immune response elicited by Nimenrix� in all age
groups persisted for 7–42 months after the primary vaccination (when evaluated
by rabbit serum bactericidal activity), with the vaccine also inducing immune
memory in toddlers. In addition, several randomized, multicentre, phase III,
noninferiority trials showed that when coadministered with other childhood vac-
cines or a seasonal flu vaccine, the immunogenicity of Nimenrix� or that of the
coadministered vaccine was generally not altered.
Nimenrix� was generally well tolerated in all age groups whether administered

as a single vaccine or coadministered with other routine vaccines. The incidence of
grade 3 local or systemic solicited adverse events during the first 4 days following
vaccination and of serious adverse events over an extended follow-up period of up
to 6 months was low (<4.5%).

Although protective effectiveness and longer-term persistence studies are re-
quired, current evidence suggests that Nimenrix�, administered as a single dose,
provides a valuable vaccination option for the prevention of meningococcal dis-
ease across a broad age group, including children as young as 12 months.

1. Introduction

The primary prevention strategy for meningo-
coccal disease is vaccination.[1,2] As a result
of continuous vaccination programmes against
Haemophilus influenzae type b (Hib), invasive
Hib disease has been nearly eliminated in coun-
tries with routine immunization programmes;
consequently, most (60–65%) cases of bacterial

meningitis in the industrialized world are caused
by the Gram-negative bacterium Neisseria me-
ningitidis.[3,4] Invasive meningococcal infections
of N. meningitidis are generally caused by strains
expressing one of six diverse capsular polysac-
charides (A, B, C, W135, Y, and more recently,
X).[5-8] Serogroups B and C are mostly prevalent
in the Americas and Europe, while serogroup Y is
mostly prevalent in the US and Canada and more
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recently in Europe.[7,9,10] In Asia and the men-
ingitis belt of Africa, serogroup A is the most
prevalent strain,[6,11] although outbreaks of sero-
group X have also been reported in Africa.[12]

Serogroup W135 has been responsible for out-
breaks of meningococcal disease worldwide[9]

and more recently in the Middle East.[13]

Purified polysaccharide vaccines against me-
ningococcal serogroups A, C, W135 and Y have
been available for many years.[1,14] However,
these vaccines are suboptimally immunogenic, do
not provide long-lasting immunity or induction
of immunological memory, may induce hypo-
responsiveness on repeated exposure and have a
negligible impact on nasopharyngeal carriage of
the bacterium.[1,7,14] In addition, with the exception
of serogroupA, polysaccharide vaccines are poorly
immunogenic in children aged <2 years.[15,16]

To overcome these shortcomings, conjugate
vaccines consisting of capsular polysaccharide anti-
gens covalently linked to a carrier protein have
been developed.[17,18] Conjugate vaccines have
proven to be effective in protecting against other
infectious pathogens, such as Hib and Strepto-
coccus pneumoniae, where they have provided
immunological memory and decreased naso-
pharyngeal carriage, which may confer herd im-
munity.[17] The common carrier proteins used in
conjugate meningococcal vaccines include teta-
nus toxoid (TT), diphtheria toxoid (DT) and a
mutant of DT, known as cross-reactive material
197 (CRM197).

[18]

Until about mid-2000, the only quadrivalent
(otherwise known as tetravalent) meningococcal
vaccines available were MPSV4 (Menomune�)
and Men-PS (Mencevax�), which contain the
non-conjugated polysaccharide serogroups A,
C, W135 and Y.[19] Vaccination options against
meningococcal disease were expanded with the
availability of two quadrivalent (serogroups A,
C, W135 and Y) conjugate vaccines that use DT
(Menactra�; approved for use in countries in-
cluding the US) or CRM197 (Menveo�; approved
for use in countries including the EU and US) as
carrier proteins.[20] In the US, Menactra� is ap-
proved for use as a two-dose vaccine in in-
dividuals aged 9–23 months and as a single-dose
vaccine in individuals aged 2–55 years[21] (the

vaccine is not approved for use in the EU).
Menveo� is approved for use as a single-dose vac-
cine in individuals aged 2–55 years in the US, while
a second dose of the vaccine may be administered
in children aged 2–5 years who are at continued
high risk of meningococcal disease.[22] In the EU,
Menveo� is approved for use as a single-dose vac-
cine in individuals aged ‡11 years[23] and has
received a positive opinion from regulatory autho-
rities for use in children aged ‡2 years.[24] Neither
Menveo� nor Menactra� is approved for use as a
single-dose vaccine in children aged <2 years.

Nimenrix� (MenACWY-TT) is a quadrivalent
meningococcal conjugate vaccine, comprising poly-
saccharide serogroups A, C, W135 and Y, and
TT as carrier protein.[25] It is the first quad-
rivalent vaccine (administered as a single dose) to
be approved in Europe for immunization of in-
dividuals aged ‡12 months against invasive me-
ningococcal disease caused by N. meningitidis
serogroups A, C, W135 and Y.[26] This article
reviews the use of Nimenrix� in healthy toddlers,
children, adolescents and adults.

2. Immunogenicity

The immunogenicity of different formulations of
Nimenrix� was initially established in phase II
trials in healthy toddlers (aged 12–14 months),
children (aged 3–5 years)[27] and adolescents and
young adults (aged 15–25 years).[28] In other phase
II trials, similar immunogenicity outcomes were
demonstrated between Nimenrix� and Menactra�

(in 10–25 year olds)[29] and betweenNimenrix� and
Mencevax� (in 2–10[30] and 11–17 year olds[31]) 1
month post-vaccination. In the study comparing
Nimenrix� with Menactra� (not approved for use
in Europe), 81.9–96.1% of Nimenrix� recipients
and 70.7–98.8% ofMenactra� recipients had serum
bactericidal activity against the four meningococcal
serogroups (A, C,W135 andY) at antibody titres of
‡1 : 8 (tests using human complement [hSBA]).[29]

This section focuses on results fromphase III studies
comparing the immunogenicity of Nimenrix� with
that of meningococcal vaccines approved for use in
Europe, including Meningitec� and Mencevax�.

Several large, open-label,[32-38] active comparator-
controlled, multicentre, phase III trials assessing
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the immunogenicity of Nimenrix� versus that of
Meningitec� (ameningococcal serogroupC [MenC]
conjugate vaccine) in toddlers, and Mencevax�
(a quadrivalent non-conjugated polysaccharide
vaccine) in children, adolescents and adults are
reviewed (section 2.1). Also discussed are studies
(including phase II[30,39-44] and extension stud-
ies[45-47]) that assessed the use of Nimenrix� for
revaccination following a dose of polysaccharide
vaccine (section 2.1.4),[39] and the induction
of immune memory and the persistence of im-
mune response elicited by Nimenrix� (section
2.2.).[30,40-47] In addition, phase III studies asses-
sing the immunogenicity of Nimenrix� when
coadministered with other vaccines (section 2.3)
are discussed.[33-35,37,48] Of note, two studies[33,35]

compared the immunogenicity of Nimenrix� with
that of a comparator vaccine (Meningitec�), as well
as assessing its immunogenicity when coadmin-
istered with Priorix-tetra�[33] or Infanrix� hexa.[35]

Details of the vaccines used in the trials are
presented in table I, and trial design and vacci-
nation regimens are summarized in table II.

The phase III studies included healthy me-
ningococcal conjugate vaccine-naive toddlers (aged
12–23 months[33,35,48]), children (aged 2–10 years[32])

or adolescents (aged 11–17 years[34,38]) who had
completed childhood routine vaccination[32-35,38,48]

at 12 months[33] or ‡180 days[35] before admin-
istration of study vaccine(s), or adults (aged
18–55 years[36,37]). Key exclusion criteria (in in-
dividuals aged 2–55 years unless otherwise speci-
fied) included the following:
� a history of meningococcal disease (in all age

groups)[32-36,38,48] or pneumococcal invasive
disease (in individuals aged 12–23 months);[48]

� vaccination with a conjugate meningococcal
vaccine at any time,[32,34,36,38,48] a meningococ-
cal polysaccharide vaccine within the previous
5 years[32,34,36,38] or any meningococcal vaccine
(in individuals aged 12–23 months);[33,35]

� previous vaccination with a TT-containing
vaccine[32,34,36,37,48] or with any vaccine[38,48]

within 1 month;
� prior exposure to or administration of vaccine

against measles, mumps, rubella and varicella
(MMRV) virus within 1 month of the study
assessing coadministration of Priorix-tetra�
(in individuals aged 12–23 months);[33]

� prior administration of booster vaccination
against diphtheria, tetanus, pertussis, hepatitis
B, poliomyelitis or Hib in the study assessing

Table I. Summary of vaccines used in clinical trials

Vaccinea (route) Definition Tradename

Meningococcal vaccines

MenACWY-TT (IM) Meningococcal polysaccharide serogroups A, C, W135 and Y conjugated to tetanus toxoid

protein

Nimenrix�

MenC-CRM197 (IM) Meningococcal polysaccharide serogroup C conjugated to CRM197 Meningitec�

Men-PS (SC) Meningococcal polysaccharide serogroups A, C, W135 and Y Mencevax�

MenACWY-D (IM) Meningococcal polysaccharide serogroups A, C, W135 and Y conjugated to diphtheria toxoid

protein

Menactra�

Other routine vaccines

DTPa-HBV-IPV/Hib (IM) Diphtheria and tetanus toxoids, acellular pertussis antigens, hepatitis B virus surface antigen,

inactivated polioviruses and Haemophilus influenzae type b

Infanrix�
hexa

HepA/B (IM) Inactivated hepatitis A and recombinant DNA-derived hepatitis B protein Twinrix�

MMRV (SC) Live attenuated measles, mumps, rubella and varicella vaccine Priorix-

Tetra�

Seasonal influenza

vaccine (IM)

Influenza strains A/California/7/2009 NYMC X-181 (H1N1), A/Victoria/210/2009 NYMC X-187

(H3N2), B/Brisbane/60/2008
Fluarix�

PHiD-CV (IM) 10-valent pneumococcal NTHi protein D conjugate vaccine Synflorix�
a Where reported, Nimenrix� was administered intramuscularly into the deltoid muscle[32,34,38] or left thigh,[33,35] Meningitec�

intramuscularly into the left thigh,[33,35] and Mencevax� subcutaneously into the upper arm.[32,38]

CRM197= cross-reactive material 197; IM = intramuscular; NTHi =non-typeable Haemophilus influenzae; SC = subcutaneous.
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Table II. Key design details and vaccine regimens of phase III trials investigating the immunogenicity of Nimenrix�

Trial (subject

age)

Vaccine dosage regimens (no. of individuals in immunogenicity population) Primary endpoints

Memish et al.[32]

(2–10 y)

Gp 1: Nimenrix� at d 0 (793)

Gp 2: Mencevax� at d 0 (269)

NI of Nimenrix� to Mencevax� in terms of rSBA VR rates against Men A, C, W135

and Y

Incidence of all (solicited and unsolicited) grade 3 systemic AEs

Bermal et al.[38]

(11–17 y)

Gp 1: Nimenrix� at d 0 (760)

Gp 2: Mencevax� at d 0 (252)

NI of Nimenrix� to Mencevax� in terms of rSBA VR rates against Men A, C,

W135 and Y

NI of Nimenrix� to Mencevax� in terms of the incidence of all grade 3 systemic AEs

in pooled data from two studies[36,38]

Dbaibo et al.[36]

(18–55 y)

Gp 1: Nimenrix� [lot A, B or C] at d 0 (885)

Gp 2: Mencevax� at d 0 (294)

NI of Nimenrix� to Mencevax� in terms of rSBA VR rates against Men A, C, W135

and Y

Lot-to-lot consistency of Nimenrix� in terms of rSBA antibody GMTs against Men A,

C, W135 and Y

Trials assessing coadministration with other vaccines

Vesikari

et al.[33]

(12–23mo)

Gp 1: Nimenrix�+Priorix-tetra� at d 0 and Priorix-tetra� at d 84 (361)

Gp 2: Nimenrix� at d 0 and Priorix-tetra� at d 42 and d 84 (366)

Gp 3: Priorix-tetra� at d 0 and d 84 and Meningitec� at d 42 (121)

Gp 4: Meningitec� at d 0 and Priorix-tetra� at d 42 and d 84 (124)

NI of Nimenrix� to Meningitec� in terms of the SR rate for Men C

Post-vaccination SR rates of Nimenrix� against Men A, C, W135 and Y

NI of Nimenrix� plus Priorix-tetra� to Nimenrix� or Priorix-tetra� alone, in terms of

SR rates against Men A, C, W135 and Y, and SC rates against MMRV antigens

Knuf et al.[35]

(12–23mo)

Gp 1: Nimenrix�+ Infanrix� hexa at d 0 (194)

Gp 2: Nimenrix� at d 0 and Infanrix� hexa at d 30 (188)

Gp 3: Infanrix� hexa at d 0 and Nimenrix� at d 30 (188)

Gp 4: Meningitec� at d 0 (115)

NI of Nimenrix� plus Infanrix� hexa to separate administration of the two vaccines,

in terms of SR rates against Men A, C,W135 and Y, SP rates against hepatitis B and

Hib components and GMCs of antibodies against pertussis

Ostergaard

et al.[34]

(11–17 y)

Gp 1: Nimenrix�+Twinrix� at d 0 and Twinrix� at 1 and 6mo (360)

Gp 2: Nimenrix� at d 0 (115)

Gp 3: Twinrix� at d 0 and 1 and 6mo (119)

NI of Nimenrix� plus Twinrix� to either vaccine alone, in terms of GMTs against Men

A, C, W135 and Y, SC rates against hepatitis A and SP rates against

hepatitis B

Reyes et al.[37]

(18–55 y)

Gp 1: Nimenrix� at d 0 (308)

Gp 2: Nimenrix�+Fluarix� at d 0 (105)

Gp 3: Mencevax� at d 0 (104)

NI of Nimenrix� plus Fluarix� to Nimenrix� alone, in terms of rSBA antibody GMTs

against Men A, C, W135 and Y

Acceptable immunogenicity of Fluarix� plus Nimenrix� in terms of HI antibody

titres, according to standard European Committee for Human Medicinal Products

criteria[49]

Ruiz-Palacios

et al.[48]

(12–23mo)

Gp 1: Nimenrix�+Synflorix� at d 0 (175)

Gp 2: Nimenrix� at d 0 and Synflorix� at d 30 (81)

Gp 3: Synflorix� at d 0 and Nimenrix� at d 30 (81)

NI of Nimenrix� plus Synflorix� to Nimenrix� alone, in terms of SC rates against

Men A, C, W135 and Y

NI of Nimenrix� plus Synflorix� to Synflorix� alone, in terms of anti-pneumococcal

antibody GMC ratios

AEs =adverse events; GMCs =geometric mean concentrations; GMTs =geometric mean titres; gp =group; HI =haemagglutination inhibition; Hib =Haemophilus influenzae type b;

Men=meningococcal serogroup(s); MMRV =measles, mumps, rubella and varicella virus; NI = noninferiority; rSBA = rabbit serum bactericidal activity; SC = seroconversion;
SP= seroprotection; SR = seroresponse; VR = vaccine response.
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coadministration with Infanrix� hexa (in
individuals aged 12–23 months);[35]

� a history of hepatitis A or B or prior admin-
istration of hepatitis A or B vaccine in the
study assessing coadministration with Twinrix�

(in individuals aged 11–17 years);[34]

� previous administration of a fourth dose of a
pneumococcal vaccine in the study assessing
coadministration with Synflorix� (in indivi-
duals aged 12–23 months).[48]

Inclusion and exclusion criteria in the phase
II[30,39-44] and/or extension studies[45-47] were gen-
erally similar to those in the phase III studies.

Demonstration of noninferiority between
Nimenrix� and other licensed meningococcal
vaccines in terms of immune response was used as
ameasure to infer vaccine efficacy.[25] Rabbit serum
bactericidal activity (rSBA)[32-38,48] or hSBA[33]

(biomarkers for protective efficacy against me-
ningococcal serogroups A, C, W135 and Y[25])
were used to assess immunogenicity. Seropositivity
rates (polysaccharide-specific antibody concentra-
tions of ‡0.3mg/mL) against the meningococcal
serogroups, as assessed by ELISA, were reported
in one study.[34] Antibodies against TT,[32,34-36]

pertussis toxin (PT),[35] DT,[35] filamentous hae-
magglutinin (FHA),[35] pertactin (PRN),[35] poly-
ribosyl-ribitol-phosphate,[35] and hepatitis A or
B[34] antigens, and MMRV viruses[33] were mea-
sured by ELISA. Antibodies against poliovirus
antigens were measured by micro-neutralization
assay,[35] and antibody titres against influenza virus
vaccine strains A/H1N1, A/H3N2 and B were
assessed by haemagglutination-inhibition (HI) as-
say.[37] Anti-pneumococcal antibody concentra-
tions were determined using a 22F-ELISA and the
functional antibody response by measuring opso-
nophagocytic activity (OPA).[48]

The lot-to-lot consistency (co-primary endpoint)
of three lots of Nimenrix� was demonstrated in a
trial in healthy adults aged 18–55 years 1 month
post-vaccination.[36] All pairwise comparisons of
the geometric mean titre (GMT) ratios between lots
for each meningococcal serogroup were between
the prespecified 95% CI of 0.5 and 2.0 for non-
inferiority; consequently, data from Nimenrix�
recipients in this study were pooled for the evalua-
tion of all other endpoints.[36]

2.1 Response to Vaccine Components

2.1.1 In Toddlers Aged 12–23 Months

A single dose of Nimenrix� elicited a strong
immune response against meningococcal sero-
groups A, C, W135 and Y, as assessed by sero-
response rates in two randomized phase III trials
in toddlers aged 12–23 months.[33,35] In one
trial,[33] the lower limit of the two-sided 95% CI
for seroresponse rates (rSBA antibody titres of
‡1 : 8) was ‡98% for each serogroup 42 days post-
vaccination, which exceeded the predefined lower
limit of 90% (co-primary endpoint; figure 1).
These antibody titres are considered indicative of
seroprotection againstMenC and were also applied
to other serogroups. Furthermore, Nimenrix� was
noninferior to a single dose ofMeningitec� in terms
of seroresponse rate against MenC 42 days post-
vaccination (co-primary endpoint) [figure 1].[33] In
this study, prior to vaccination, seroresponse rates
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Fig. 1. Immunogenicity of Nimenrix� in healthy toddlers aged
12–23 months. Seroresponse rates against meningococcal sero-
groups A, C, W135 and Y 42 days after vaccination with Nimenrix�
(per-protocol immunogenicity cohort [PP] n= 366) or Meningitec� (a
meningococcal serogroup C conjugate vaccine; PP n= 124) in a
randomized, open-label, multicentre, phase III, noninferiority trial
conducted in the EU.[33] The lower limits of the two-sided 95% CIs of
the seroresponse rates against meningococcal serogroups A, W135
and Y of Nimenrix� were 98.4%, 99.0% and 99.0%, and above the
predefined limit of 90% (dotted line; co-primary endpoint). Nimenrix�
was noninferior toMeningitec� as the lower limit of the 95%CIs of the
between-group difference in seroresponse rate against meningo-
coccal serogroup C was more than the predefined limit of -10%
(values above the bar; co-primary endpoint). Seroresponse was
defined as the proportion of individuals with rabbit serum bactericidal
activity (rSBA) antibody titres of ‡1 : 8.
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(rSBA antibody titres of ‡1 : 8) against serogroups
A, C, W135 and Y were 34–45%, 22–27%, 43–49%
and 55–68%, respectively.[33]

As the use of rabbit complement is known to
result in higher SBA antibody titres than the use
of human complement,[50] a secondary analysis of
immunogenicity using sera tested by hSBA was
performed to confirm the immunogenicity of
Nimenrix� (hSBA antibody titres of ‡1 : 4 have
been correlated with protection[33,51]). According
to this analysis, ‡77.2% of Nimenrix� recipients
had hSBA antibody titres of ‡1 : 8 (a conservative
threshold of seroprotection) against each vac-
cine serogroup, with the response against MenC
being significantly higher in Nimenrix� than in
Meningitec� recipients (exploratory analysis; no
p-value was reported).[33]

In the other trial,[35] 1 month post-vaccination,
‡97.3% of Nimenrix� recipients (per-protocol
immunogenicity cohort [PP] n= 570) had achieved
a seroresponse (rSBA antibody titres of ‡1 : 8)
against each of the four meningococcal serogroups,
and 98.2% of Meningitec� recipients (PP n= 115)
had achieved a seroresponse against serogroup C.

2.1.2 In Children and Adolescents Aged 2–17 Years

Nimenrix� also elicited a strong immune res-
ponse against all four vaccine serogroups in healthy
children (aged 2–10 years) and adolescents (aged
11–17 years),[32,38] as assessed by vaccine response
rates and antibody GMTs in two randomized
phase III trials. Vaccine response rates (see table III
for definition) of 85–97% and antibody GMTs of
4983–13865 were observed in Nimenrix� recipi-
ents 1 month post-vaccination (table III).[32,38]

In both trials, Nimenrix� was shown to be
noninferior to Mencevax� in terms of vaccine
response rates against serogroups A, C, W135 and
Y 1month post-vaccination (co-primary endpoint;
table III).[32,38] Exploratory analyses showed that
vaccine response rates against serogroups A,
W135 and Y in individuals aged 11–17 years[38]

and against all serogroups in individuals aged
2–10 years[32] were significantly higher inNimenrix�
than Mencevax� recipients (no p-values were
reported).

Across both trials, the proportion of individ-
uals with rSBA titres ‡1 : 8 against serogroups A,

C, W135 and Y 1 month post-vaccination ranged
between 99.5% and 100% in Nimenrix� recipi-
ents and between 97.4% and 100% inMencevax�
recipients.[32,38] In addition, ‡99.2% of individ-
uals in the Nimenrix� group and ‡94.7% of
those in the Mencevax� group achieved rSBA
titres ‡1 : 128 (a more conservative threshold for
defining seroprotection) against each meningo-
coccal serogroup 1 month post-vaccination.[32,38]

Exploratory analyses showed that the proportion
of individuals with rSBA titres ‡1 : 8 and ‡1 : 128
against serogroups C, W135 and Y were signif-
icantly higher in Nimenrix� compared with
Mencevax� recipients in the trial in 2–10 year
olds (no p-values were reported).[32]

One study reported that 59–91% of individuals
had pre-existing immunity (rSBA antibody titres
of ‡1 : 8) against one or more serogroups, with
GMTs varying substantially between geographi-
cal regions, probably because of local epidemi-
ology and exposure to individual serogroups, as
well as exposure to cross-reacting bacteria.[38]

One month post-vaccination, GMTs increased
by 27.7- to 323.6-fold in Nimenrix� recipients
and by 9.9- to 185.9-fold in Mencevax� recipi-
ents across both trials.[32,38] Exploratory analyses
showed that the antibody GMTs against all sero-
groups were significantly higher in the Nimenrix�
group than in the Mencevax� group in both trials
(no p-values were reported).[32,38]

Nimenrix� also induced a strong anti-TT
response in trials in children and adolescents aged
11–17 years, reflecting exposure to the TT carrier
protein.[34,38] One trial showed that the propor-
tion of individuals with anti-TT antibody con-
centrations ‡0.1 IU/mL (ten times higher than the
level of 0.01 IU/mL, which is indicative of sero-
protection) increased from 67.4% pre-vaccination
to 97.8% 1 month post-vaccination and geometric
mean concentrations (GMCs) increased from
0.421 to 11.017 IU/mL.[38] Similar observations
were made in the other trial where anti-TT anti-
body GMCs increased from 1.0 to 17.3 IU/mL for
recipients of Nimenrix� 1 month post-vaccination
(this trial is discussed in section 2.3).[34] However,
it is unknown whether this increase in antibody
titres represents an increase in functional anti-TT
antibody; consequently, Nimenrix� vaccination
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should not be considered as a replacement for
routine vaccination against tetanus toxoid.[38]

2.1.3 In Adults Aged 18–55 Years

Nimenrix� was noninferior to Mencevax� in
adults aged 18–55 years in terms of the immune
response induced against all four vaccine sero-
groups, as assessed by the vaccine response
rates (co-primary endpoint).[36] One month post-
vaccination, vaccine response rates ranged from
80–92% in Nimenrix� recipients and 70–92% in
Mencevax� recipients (table III).[36] Exploratory
analyses showed that the vaccine response rates
against serogroups A, W135 and Y were signif-
icantly higher in the Nimenrix� group than in
theMencevax� group (no p-value was reported).
Moreover, the noninferiority of Nimenrix� versus
Mencevax� in terms of the vaccine response rates
against all serogroups was maintained when in-

dividuals were stratified according to age (18–25
years and 26–55 years) [exploratory analysis].[36]

Pre-vaccination rSBA antibody titres against
all four meningococcal serogroups were relatively
high (48.8–79.0% of individuals had titres ‡1 : 128
against any serogroup), which may be because of
circulating meningococcal or cross-reacting strains
causing asymptomatic nasopharyngeal carriage
and/or cross-reactivity of antibodies with other
bacteria.[36] However, 1 month post-vaccination,
rSBA antibody GMTs against serogroups A,W135
and Y increased by at least 20-fold in Nimenrix�
recipients (vs 10-fold in Mencevax� recipients)
and rSBA antibody GMTs against serogroup C
increased 109-fold (vs 81-fold).[36] Exploratory
analyses showed significantly higher rSBA anti-
body GMTs against serogroups A, W135 and Y
in Nimenrix� than Mencevax� recipients (no
p-values were reported).[36]

Table III. Immunogenicity of Nimenrix� vaccine in healthy children, adolescents and adults. Summary of randomized, open-label,[32,36,38]

multicentre, phase III, noninferiority trials in individuals who received a single dose of intramuscular Nimenrix� or subcutaneous Mencevax�.

Results at 1 month after vaccination in the per-protocol immunogenicity cohort are reported. Trials were conducted at centres in Asia[32,36,38] or

the Middle East/North Africa[32,36]

Vaccine No. of

individualsa
Vaccine response rate (%)b,c No. of

individualsa
GMT

A C W135 Y A C W135 Y

In children aged 2–10 years[32]

Nimenrix� 638–771 88.6 95.9 97.4 92.5 788–791 6309.7 4 983.6 11 569.8 10 886.6

Mencevax� 206–258 65.5 89.6 82.5 68.6 265–268 2309.4 1 386.8 2 150.6 2 544.7

Btwn-grp diff 23.02 6.26 14.89 23.87

95% CI (16.33, 30.15) (2.67, 10.83) (10.50, 20.16) (18.16, 30.04)

In adolescents aged 11–17 years[38]

Nimenrix� 525–698 85.4 97.1 96.5 93.1 752–759 6106.8 12 645.5 8 390.1 13 865.2

Mencevax� 171–229 79.5 96.6 88.0 78.0 252 3203.0 8 271.6 2 679.3 5 245.3

Btwn-grp diff 5.83 0.45 8.50 15.03

95% CI (0.11, 12.28) (-1.80, 3.75) (4.66, 13.35) (9.90, 20.87)

In adults aged 18–55 years[36]

Nimenrix� 743–862 80.1 91.5 90.2 87.0 3624.7d 8 865.9d 5 136.2d 7 710.7d

Mencevax� 252–288 69.8 92.0 85.5 78.8 2127.2d 7 371.2d 2 461.3d 4 314.3d

Btwn-grp diff 10.24 -0.49 4.72 8.19

95% CI (4.11, 16.78) (-3.85, 3.57) (0.49, 9.65) (3.24, 13.69)

a Evaluable individuals in the per-protocol population.

b Vaccine response was defined as a post-vaccination antibody titre of ‡1 : 32 (if the pre-vaccination titre was <1 : 8) and a ‡4-fold increase in

antibody titre from pre- to post-vaccination in seropositive individuals (pre-vaccination titre ‡1 : 8).

c Primary endpoint: noninferiority between Nimenrix� and comparator vaccine was achieved if the lower limit of the two-sided 95% CI for the

btwn-grp diff in vaccine response rate was at least -10%[32] or more than -10%[36,38] (values in bold).

d Data available from the GlaxoSmithKline clinical trials registry.[52]

btwn-grp diff =between-group difference; GMT = geometric mean titre.
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The proportion of adult individuals with anti-TT
concentrations ‡0.1 IU/mL increased from 51.5%
pre-vaccination to 79.4% 1 month post-vaccina-
tion in the Nimenrix� group, reflecting exposure
to the TT carrier protein, while the proportion of
individuals with these concentrations remained
relatively unchanged in the Mencevax� (a non-
conjugated vaccine) group (52.2% to 53.2%).[36]

Similarly, anti-TT antibody GMCs increased
from baseline by 14-fold in the Nimenrix� group
and did not increase in the Mencevax� group.[36]

As noted earlier in section 2.1.2, it is unclear if the
response to the carrier protein represents an in-
crease in functional anti-TT antibodies; therefore,
Nimenrix� should not be used as a replacement
for routine vaccination against tetanus.

2.1.4 For Revaccination in Individuals Previously
Vaccinated with a Polysaccharide Vaccine

A phase II, open-label study compared the
immunogenicity of Nimenrix� administered in
individuals (aged 4.5–34 years) who had received
a polysaccharide vaccine 30–42 months previously
(according-to-protocol population n = 169) with
that of Nimenrix� administered to age-matched
individuals who had not been vaccinated with
any meningococcal vaccine in the previous 10
years (n = 75).[39] One month post-vaccination, all
individuals achieved rSBA antibody titres of ‡1 : 8
against the four vaccine serogroups, regardless of
meningococcal vaccine history.[39] However, ex-
ploratory analyses showed that individuals who
had not been vaccinated with a meningococcal
vaccine in the 10 years prior to vaccination with
Nimenrix� had significantly higher antibody
GMTs (5494.6–13 895.5 vs 1945.8–7799.9) and
vaccine response rates (76.9–97.3% vs 41.1–83.0%)
against the four meningococcal serogroups than
the group that had received a dose of polysaccharide
vaccine 30–42 months prior to Nimenrix� (no
p-values were reported);[39] the clinical relevance
of this is currently unknown.[25] These data sug-
gest that a single dose of Nimenrix�may be used
for revaccination if sustained protection against
invasive meningococcal disease is needed in in-
dividuals who had previously been vaccinated
with a polysaccharide vaccine, although the im-
mune response against meningococcal serogroups

was observed to be lower in these individuals than
in vaccine-naive individuals.[25,39]

2.2 Persistence of Immune Response and
Immune Memory

2.2.1 Persistence of Immune Response

The persistence of immune response elicited by
Nimenrix� was evaluated 12–42 months after
vaccination in individuals aged 12 months to
55 years (data for persistence at 7 months after
vaccination are discussed in section 2.3.4). Re-
sults showed that in Nimenrix� recipients of all
age groups, at the persistence timepoint, rSBA
antibody GMTs against the four meningococcal
vaccine serogroups were higher than the GMTs
observed prior to vaccination, and were generally
similar to or higher than those elicited by com-
parator vaccines, indicating that Nimenrix� in-
duced persisting immune responses against the
vaccine serogroups.[25] Some data discussed in this
section were obtained from the GlaxoSmithKline
clinical trials registry.[53-55]

In Toddlers

In toddlers who received a dose of Nimenrix�,
persistence of the immune response against vaccine
serogroups was observed up to 3 years post-vaccina-
tion when sera were tested using rSBA;[40,45,46]

however, a rapid waning of the response against
meningococcal serogroup A (MenA) was observed
when sera were tested with hSBA.[46]

Persistence of immune response was observed
in an extension study[45] that assessed rSBA titres
15 months after primary vaccination in toddlers
who had been vaccinated with Nimenrix� (PP
n= 40) or Meningitec� (a MenC vaccine) [PP
n= 44] at the age of 12–14 months while partici-
pating in a dose-ranging, phase II study.[27] Results
showed that 15 months after vaccination with
Nimenrix�, ‡92.3% and ‡69.2% of toddlers had
rSBA-MenC antibody titres of ‡1 : 8 and ‡1 : 128,
respectively, and significantly more Nimenrix�
thanMeningitec� recipients had rSBA-MenC anti-
body titres of ‡1 : 8 (92.3% vs 60.0%) or ‡1 : 128
(69.2% vs 27.5%) [no p-values were reported; ex-
ploratory analyses].[45] The rSBA antibody GMTs
against serogroups A, W135 and Y decreased 4.3-,
8.2- and 4.4-fold, respectively between month 1
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and month 15 post-vaccination; rSBA-MenC anti-
body GMTs also decreased, but the decrease was
3-fold less in Nimenrix� than in Meningitec� re-
cipients (5.4-fold vs 15-fold decrease).[45] Despite
the decreased levels, antibody GMTs against sero-
groups A, C,W135 andY inNimenrix� recipients
remained higher than pre-vaccination levels (85.6-,
29.2- [vs 5.1-fold in Meningitec� recipients], 39.8-
and 14.3-fold, respectively).[54]

In another extension study[46,53] of a phase III
study[33] in toddlers (see section 2.1.1) who had
received Nimenrix� or Meningitec� at the age of
12–23 months, at 2 years after the primary vac-
cination, ‡97.8% of toddlers in the Nimenrix�
group had rSBA antibody titres of ‡1 : 8 against
meningococcal serogroups A, W135 and Y, and
88.2% of Nimenrix� recipients compared with
69.0% of Meningitec� recipients had antibody
titres of ‡1 : 8 against serogroup C (no p-value was
reported) [2-year cohort n = 188 and 30, respect-
ively].[46] In Nimenrix� recipients, antibody GMTs
against serogroups A, W135 and Y remained
10.1- to 31.4-fold higher and those against MenC
remained 10.2-fold (vs 7.4-fold in Meningitec�

recipients) higher than pre-vaccination levels.[53]

Persistence of immune response against sero-
groups C,W135 andYwas also observed when the
sera were tested using human complement, with
‡87% of Nimenrix� recipients having hSBA anti-
body titres of ‡1 : 4 against these serogroups.[46]

hSBA antibodyGMTs against serogroups C,W135
and Y remained 25.1- (vs 5-fold in Meningitec�

recipients), 38.9- and 29.1-fold higher than pre-
vaccination levels.[53] However, a rapid waning
of hSBA-MenA antibodies was observed in
Nimenrix� recipients, with only 25.1% of tod-
dlers having titres of ‡1 : 4;[46] the antibody GMT
at 2 years was 1.9-fold higher than the pre-
vaccination level.[53]

Similar results were also observed in a
phase IIb open-label study that assessed the per-
sistence of immune response up to 3 years after
Nimenrix� (3-year cohort n= 185) or Meningitec�

(n = 38) vaccination in toddlers aged 1 to <2
years.[40] At 3 years post-vaccination, ‡90.8% of
Nimenrix� recipients (vs ‡72.7% of Meningitec�

recipients) had rSBA antibody titres of ‡1 : 8
against meningococcal serogroups A, C, W135

and Y. Persistence of immune response against
serogroups C, W135 and Y was also observed
when the sera were tested using human comple-
ment, with ‡73.6% of Nimenrix� recipients
having hSBA antibody titres of ‡1 : 4 against these
serogroups.[40] However, a rapid waning of hSBA-
MenA antibodies was observed in Nimenrix�
recipients, with only 21.8% of toddlers having
titres of ‡1 : 4.[40] rSBA antibody GMTs against
serogroups A, C, W135 and Y at 36 months were
‡9-fold higher than pre-vaccination levels in
Nimenrix� recipients; hSBA antibody GMTs
against serogroups C,W135 andYwere ‡16.9-fold
higher than pre-vaccination levels, while those
against serogroup Awere 1.65-fold higher than pre-
vaccination levels. No significant differences were
observed between Nimenrix� and Meningitec�

recipients in terms of the proportion of toddlers
with rSBA-MenC titres of ‡1 : 8 and hSBA-
MenC titres of ‡1 : 4, according to exploratory
analyses.[40]

These data were supported by those from a
phase II study in which one group of toddlers
was vaccinated with Nimenrix� at the age of
12 months and the immunogenicity of the vaccine
was assessed 1 year later using hSBA. Results
showed that ‡80% of Nimenrix� recipients had
hSBA antibody titres of ‡1 : 8 against meningo-
coccal serogroups C, W135 and Y and 20.6% of
them had these titres against MenA.[41]

In Children

Persistence of the immune response (as as-
sessed by rSBA) up to 3 years after primary vac-
cination was also observed in children who had
previously received Nimenrix� vaccination at the
age of 3–5 years[45] or 2–10 years.[30] In an exten-
sion[45] of a dose-ranging study,[27] 15 months
after the primary vaccination, all Nimenrix� re-
cipients and 59.4–93.8% ofMencevax� recipients
had rSBA antibody titres of ‡1 : 8 against me-
ningococcal serogroups A, C, W135 and Y.[45]

From month 1 to month 15 post-vaccination,
rSBA antibody GMTs against these serogroups
reduced by 4.7- to 7.8-fold in Nimenrix� re-
cipients and by 7.0- to 15.9-fold in Mencevax�
recipients. Exploratory analyses showed that sig-
nificantly more Nimenrix� than Mencevax� re-
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cipients had rSBA antibody titres of ‡1 : 8 against
the vaccine serogroups and the antibody GMTs
against these serogroups were significantly higher
in the Nimenrix� than Mencevax� group (no
p-values were reported).[45]

Similarly, in a phase IIb study,[30] 3 years after
primary vaccination, 98.4–100% of Nimenrix�
recipients (PP cohort n = 197) compared with
81.1–91.2% of Mencevax� recipients (PP cohort
n= 37) had rSBA antibody titres of ‡1 : 8, with the
between-group difference being statistically sig-
nificant according to an exploratory analysis (no
p-value was reported). Antibody GMTs against
the four vaccine serogroups remained 7.3- to
40.3-fold (vs 2.3- to 6.8-fold in Mencevax� re-
cipients) higher than pre-vaccination levels in
Nimenrix� recipients.[30]

In Adolescents and Adults

Results in adolescents and adults were gen-
erally similar to those observed in toddlers and
children, with the immune response elicited by
Nimenrix� against all four vaccine serogroups
persisting up to 42 months when evaluated by
rSBA,[43,44,47] but a rapid waning of antibodies
against MenA was observed when the sera were
evaluated at 12 months using hSBA.[44] In one
study in adolescents aged 11–17 years, 2 years after
primary vaccination with Nimenrix� (2-year
cohort n= 521) or Mencevax� (n = 168) [in a
phase III study;[38] see section 2.1.2], ‡99.3% and
‡95.1% of individuals in the respective groups
had rSBA titres of ‡1 : 8 against serogroups A, C,
W135 and Y. Antibody GMTs in the two groups
were 1122–3716 and 443–1499, respectively,[47]

which were 6.5- to 24.1-fold and 3.3- to 30.7-fold
higher than pre-vaccination GMTs.[55] An ex-
ploratory analysis showed that significantly more
Nimenrix� than Mencevax� recipients had rSBA
titres of ‡1 : 8 against serogroups W135 and Y,
and rSBA antibody GMTs against serogroups A,
W135 and Y (no p-values were reported).[47]

Similarly, at 36 months post-vaccination, in
a phase II study in adolescents and adults
aged 11–55 years who had previously received
Nimenrix� or Mencevax�, >99% of individuals
in the Nimenrix� group (36-month cohort n= 344)
and >86% of individuals in the Mencevax� group

(n= 116) had rSBA antibody titres of ‡1 : 8 against
serogroups A, C, W135 and Y.[42] rSBA antibody
GMTs against these serogroups remained higher
than pre-vaccination levels in both vaccine groups
(quantitative data not available), with the GMTs
for antibodies against serogroups A, W135 and Y
being significantly higher in the Nimenrix� than in
theMencevax� group, according to an exploratory
analysis (no p-values were reported).[42]

These results were supported by a small phase
II, open-label study[43] in adolescents and adults
aged 15–19 years who had received Nimenrix� or
Mencevax� in an earlier study.[28] At 42 months
post-vaccination, all Nimenrix� recipients (n= 24)
and ‡88.2% ofMencevax� recipients (n = 26) had
rSBA antibody titres of ‡1 : 8 against meningo-
coccal serogroups A, C, W135 and Y. At this
timepoint, rSBA antibody GMTs against these
serogroups were 329.7–1098.0 in Nimenrix� re-
cipients and 265.5–896.2 in Mencevax� re-
cipients and were 4.2- to 15.6-fold and 7.6- to
12.2-fold higher than pre-vaccination levels in the
respective groups.[43]

A fourth study (phase II) in adolescents and
adults aged 11–25 years (n = 368 Nimenrix� re-
cipients) evaluated persistence of the immune
response elicited by Nimenrix� using hSBA.
Results showed that 12 months after primary
vaccination, ‡94.9% of recipients had hSBA titres
of ‡1 : 8 against meningococcal serogroups C,
W135 and Y, while only 29.1% of individuals had
these titres against MenA, indicating a rapid wan-
ing of the antibodies against this serogroup.[44] At
12 months, hSBA antibody titres against sero-
groups C,W135 and Y remained 14.3- to 37.9-fold
higher than pre-vaccination levels, while titres
against MenA were 2.2-fold higher than pre-
vaccination levels in Nimenrix� recipients.[44]

2.2.2 Immune Memory

An extension study in toddlers vaccinated with
Nimenrix� at 12–14 months of age showed that
the vaccine induced immune memory against
meningococcal serogroups A, C, W135 and Y.[45]

Participants were originally randomized to receive
either a single dose of Nimenrix� orMeningitec�

and 15 months later received a polysaccharide
challenge to assess immune memory.[45] One
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month after the polysaccharide challenge, all
toddlers receiving Nimenrix� as primary vacci-
nation achieved rSBA titres of ‡1 : 8 and ‡1 : 128
against all meningococcal serogroups.[45] A high
proportion (‡90.0%) of toddlers who originally
received Meningitec� as the primary vaccination
also achieved rSBA titres of ‡1 : 8 and ‡1 : 128
against all serogroups 1 month after the poly-
saccharide challenge. The rSBA antibody GMTs
increased after the polysaccharide challenge in
both vaccine groups, with the GMTs of anti-
bodies against serogroups A, W135 and Y being
significantly higher in Nimenrix� thanMeningitec�

recipients (exploratory analyses; no p-values were
reported). These results suggest that both vac-
cines induced immunological memory against
meningococcal serogroups.[45]

2.3 Coadministration with Other Vaccines

This section discusses data from several ran-
domized, open-label[33-35,48] or partially double-
blind,[37] noninferiority, phase III clinical trials
that evaluated the immunogenicity of Nimenrix�
when coadministered with routine vaccines.
In general, coadministration of Nimenrix�
with Priorix-tetra�,[33] Infanrix� hexa[35] or
Synflorix�[48] in toddlers, with Twinrix� in chil-
dren and adolescents[34] and with Fluarix� in
adults[37] did not affect the immunogenicity of
Nimenrix� or the coadministered vaccine.

2.3.1 With Priorix-tetra�

When coadministered with Priorix-tetra� in
healthy toddlers aged 12–23 months, Nimenrix�
elicited a strong immune response against all four
meningococcal serogroups, as assessed by sero-
response rates and GMTs.[33] Seroresponse rates
(rSBA titre ‡1 : 8) of 100% and antibody GMTs
of 519.0–2282.4 against serogroups A, C, W135
and Y were observed 42 days post-vaccination
in Nimenrix� plus Priorix-tetra� recipients.[33]

Furthermore, the immune response induced by
Nimenrix� coadministered with Priorix-tetra�
was noninferior to that induced by Nimenrix�
alone, as the lower limits of the 95% CIs for the
between-group differences in seroresponse rates

against the four serogroups were above the pre-
defined limit of -10% (co-primary endpoint).[33]

Forty-two days post-vaccination, rSBA antibody
GMTs against the four serogroups increased by
‡47.8-fold in the Nimenrix� plus Priorix-tetra�
group and the Nimenrix� group.[33] Exploratory
analyses showed that there was no significant
difference between Nimenrix� plus Priorix-tetra�
recipients and the Nimenrix� recipients in rSBA
antibody GMTs against the four vaccine sero-
groups. Although titres against serogroups W135
and Y tended to be lower in the coadministration
group, this is not thought to be clinically signif-
icant, as high proportions of individuals achieved
accepted correlates of seroprotection (rSBA titres
‡1 : 8).[33]

Nimenrix� coadministered with Priorix-tetra�
was also noninferior to Priorix-tetra� adminis-
tered alone in terms of seroconversion rates against
MMRV viruses.[33] The lower limits of the 95%
CIs for between-group differences in seroconver-
sion rates against MMRV 42 days post-vaccina-
tion were all above the predefined limit of
-10%.[33] All individuals in both vaccination
groups had seroconverted against measles and
rubella, ‡83% in each group had seroconverted
against mumps and ‡94% had seroconverted
against varicella virus 42 days post-vaccination.[33]

However, exploratory analyses showed that the
anti-rubella GMC was significantly lower in
the coadministration group compared with the
Priorix-tetra� group (43.1 vs 53.2 IU/mL [95%
CIs for the GMC ratio were 0.697, 0.945]), al-
though this is unlikely to be clinically relevant, as
the GMC in the coadministration group was well
above the 10 IU/L threshold used to define sero-
response.[33]

2.3.2 With Infanrix� hexa

In healthy toddlers aged 12–23 months,
Nimenrix� coadministered with Infanrix� hexa
elicited a strong immune response against all four
meningococcal serogroups, as assessed by sero-
response rates and GMTs.[35] One month post-
vaccination, seroresponse rates (rSBA titre ‡1 : 8)
of 100% and antibody GMTs of 879.7–4147.0
against serogroups A, C, W135 and Y were ob-
served in Nimenrix� plus Infanrix� hexa re-
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cipients.[35] Furthermore, the immune response
induced by Nimenrix� coadministered with In-
fanrix� hexa was noninferior to that induced by
Nimenrix� alone, as the lower limits of the 95%
CIs for the between-group differences in sero-
response rates against the four serogroups were
above the predefined limit of -10% (co-primary
endpoint).[35]

One month post-vaccination, rSBA antibody
GMTs against the four meningococcal sero-
groups were within the same range in the toddlers
who received Nimenrix� plus Infanrix� hexa
and those who received Nimenrix� followed by
Infanrix� hexa (1 month later), having increased
51- to 218.3-fold from pre-vaccination levels.[35]

However, 1 month after meningococcal vaccina-
tion, exploratory analyses showed significantly
lower rSBA antibody GMTs against serogroups
A, C and W135 in recipients vaccinated with
Infanrix� hexa followed byNimenrix� (1 month
later) compared with those vaccinated with
Nimenrix� followed by Infanrix� hexa (1 month
later) [no p-values were reported], although this
did not result in fewer toddlers achieving sero-
logical correlates of 1 : 8 and 1 : 128 in the coad-
ministration group.[35]

Nimenrix� coadministered with Infanrix�
hexa was also noninferior to Infanrix� hexa
followed by Nimenrix�, in terms of antibody
responses against pertussis, hepatitis B and Hib
components 1 month post-vaccination (co-primary
endpoint).[35] The lower limits of the two-sided
95% CIs for the adjusted GMC ratios of anti-PT,
anti-FHA and anti-PRN antibodies were all
above the predefined limit of 0.67.[35] In addition,
the lower limits of the two-sided 95% CIs for the
between-group differences in seroconversion rates
against hepatitis B surface antigen (antibody con-
centrations ‡10mIU/mL, which were considered
seroprotective) and polyribosylribitol-phosphate
(antibody concentrations ‡1mg/mL; primary end-
point) were both above the predefined limit of
-10%.[35]

Nimenrix� coadministered with Infanrix�
hexa was also noninferior to Infanrix� hexa
followed by Nimenrix�, in terms of the immune
response induced against DT, TT and poliovirus
(secondary endpoint), as the lower limits of the

95% CIs for between-group differences in sero-
protective rates were above the predefined limit
of -10%.[35]

Whether administered with Nimenrix� con-
comitantly or sequentially, at least 99.4% of In-
fanrix� hexa recipients achieved DT and TT
antibody concentrations of ‡0.1 IU/mL and all
recipients were seropositive (cut-off of 5 ELU/mL)
for PT, FHA and PRN 1 month after vaccina-
tion.[35] Furthermore, all toddlers who received
Infanrix� hexa had seroprotective antibodies
against Hib (cut-off ‡0.15mg/mL) and ‡98.2%
had seroprotective antibodies against hepatitis B
(cut-off 10mIU/mL) and each of the three polio-
virus types (cut-off 1 : 8 dilution).[35]

2.3.3 With Synflorix�

A booster vaccination study compared the
immunogenicity of a single dose of Nimenrix�
coadministered with a booster dose of Synflorix�
vs administration of Synflorix� alone in healthy
toddlers aged 12–23 months who had previously
received three doses of Synflorix�.[48] Results
showed that Nimenrix� coadministered with
Synflorix� elicited a strong immune response
against all four meningococcal serogroups, as as-
sessed by seroprotection rates and GMTs, with
the immune response being noninferior to that
induced by Nimenrix� alone. At 1 month post-
vaccination, ‡99.4% ofNimenrix� plus Synflorix�
recipients compared with ‡97.5% of Nimenrix�
recipients achieved rSBA titres of ‡1 : 8 against all
four meningococcal serogroups, with the lower
limits of the 95% CIs for the between-group dif-
ferences being higher than the predefined non-
inferiority limit of at least -10%. At 1 month post-
vaccination, GMTs of the antibodies against the
four meningococcal serogroups were 2496.6–
11 731.0 in the coadministration group compared
with 2044.0–8407.7 in the Nimenrix� group, an
increase of 102.9- to 439.1-fold versus 75.4- to
335.1-fold from pre-vaccination levels.[48]

Nimenrix� plus Synflorix� was also non-
inferior to Synflorix� in terms of the immune
response against all pneumococcal serotypes, apart
from serotype 18C, as the lower limits of the 95%
CIs of the adjusted antibody GMC ratios were
greater than the predefined limit of 0.5 (the lower
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limit of the 95% CI for the adjusted GMC ratio
for serotype 18C was 0.41).[48] According to the
study authors, the lower immune response against
serotype 18C in the coadministration group may
be because of the choice of TT as carrier protein
for serotype 18C (in Synflorix�) and for all me-
ningococcal serogroups (in Nimenrix�). TT is
known to influence the response of coadmin-
istered conjugate vaccines, with the negative effect
of high TT dosages probably related to competi-
tion for T-helper cells.[48]

Antibody concentrations of ‡0.2 mg/mL (as
assessed by the 22F-ELISA) against the vaccine
pneumococcal serotypes were achieved by ‡96.0%
of toddlers in the coadministration group and
‡97.5% of toddlers in the Synflorix� group (in-
cluding against serotype 18C [100% of toddlers in
both groups]).[48] An antibody concentration of
0.2mg/mL as assessed by the 22F-ELISA is equiv-
alent to an antibody concentration of 0.35mg/mL
as assessed by ELISA without 22F-inhibition,
which is the threshold used by the WHO for com-
paring immune responses elicited by pneumo-
coccal conjugate vaccines at 1month after the third
primary dose.[48]

In addition, at 1 month post-vaccination,
‡92.9% of Nimenrix� plus Synflorix� recipients
and ‡95.7% of Synflorix� recipients achieved an
OPA antibody titre ‡1 : 8 against all vaccine pneu-
mococcal serotypes (including serotype 18C [98.2%
vs 100%]).[48] The GMTs of OPA antibodies
against the pneumococcal serotypes at this time-
point were 362.1–5485.4 in the coadministration
group compared with 332.7–5616.8, an increase
of 3.1- to 192.6-fold versus 2.9- to 425.5-fold from
pre-vaccination levels. The study authors state
that considering the robust increase in antibody
concentration and OPA antibody titres against
serotype 18C, the lower GMC ratio between the
coadministration group and the Synflorix�
group may be of limited clinical relevance.[48]

2.3.4 With Twinrix�

In healthy adolescents aged 11–17 years,
Nimenrix� coadministered with Twinrix� eli-
cited a strong immune response against all four
meningococcal serogroups, as assessed by sero-
response rates and GMTs, with the immune res-

ponse being noninferior to that induced by
Nimenrix� administered alone.[34] One month
post-vaccination, seroresponse rates (rSBA titre
‡1 : 8) of ‡99.7% and adjusted rSBA antibody
GMTs of 4404.1–8753.2 for serogroups A, C,
W135 and Y were observed in the Nimenrix�
plus Twinrix� group compared with seroresponse
rates of ‡99.1% and adjusted rSBAantibodyGMTs
of 4849.8–8684.3 in the Nimenrix� alone group.
The immune response induced by Nimenrix�
plus Twinrix� was noninferior to that induced by
Nimenrix� alone, as at 1 month post-vaccina-
tion, the lower limits of the 95% CIs of the ad-
justed ratios of rSBA antibody GMTs against all
four serogroups were above the predefined limit
of 0.5 (co-primary endpoint). The proportion of
individuals with pre-vaccination rSBA antibody
titres of ‡1 : 8 against each of the four meningo-
coccal serogroups varied between 38.8% and
84.2%, at least partly because of previous vacci-
nation or exposure to the organism.[34]

Vaccine response rates (same definition as that
in table III) for the four meningococcal sero-
groups ranged from 93.8% to 99.1% in the coad-
ministration group compared with 90.2% to
98.2% in the Nimenrix� group at 1 month post-
vaccination. Furthermore, exploratory analyses
did not reveal any significant differences between
the two groups in vaccine response rates or post-
vaccination rSBA GMT ratios.[34]

Post-vaccination seropositivity rates (rSBA
antibody titre ‡1 : 8) against the four meningo-
coccal serogroups remained high at month 7 (i.e.
1 month after the last dose of Twinrix�; see table II)
for both Nimenrix� plus Twinrix� recipients and
Nimenrix� recipients (99.4–100% vs 98.2–100%).
rSBA antibody GMTs were 2.1- to 4.7-fold lower
at month 7 compared with month 1, but remained
higher than pre-vaccination levels (GMTs at
month 7 were 952.4–4432.7 and 1053.9–4455.6 in
the respective groups).[34] Additional data regard-
ing the persistence of the immune response elicited
by Nimenrix� are discussed in section 2.2.

Twinrix� coadministered with Nimenrix�
was no less effective than Twinrix� administered
alone in terms of immune responses against hep-
atitis A and B.[34] One month after the third dose
of Twinrix� (i.e. at month 7), the lower limits of
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the 95% CIs for the seroconversion rate against
hepatitis A and the seroprotection rate against
hepatitis B were greater than the pre-specified
noninferiority limit of -10%.[34] In both vaccina-
tion groups, all individuals seroconverted for
hepatitis A antibody and at least 99.1% of in-
dividuals were seroprotected against hepatitis B
at month 7, with no significant differences be-
tween the two vaccination groups in either re-
sponse according to exploratory analyses.[34]

2.3.5 With Fluarix�

In healthy adults aged 18–55 years, Nimenrix�
coadministered with Fluarix� was noninferior
to Nimenrix� administered alone in terms of
rSBA antibody GMTs against three out of the
four meningococcal serogroups.[37] One month
post-vaccination, the adjusted rSBA antibody
GMTs against serogroups A, W135 and Y were
2860.8–5617.2 in the coadministered group com-
pared with 3895.9–7331.2 in the Nimenrix�
group, with the upper limit of the 95% CIs of the
adjusted GMT ratios being £2.0 (pre-defined limit)
for each serogroup (co-primary endpoint).[37] For
MenC, the adjusted rSBA GMT for the coadmin-
istered group was 6908.0 compared with 10299.7
for the Nimenrix� group, with a between-group
adjusted GMT ratio of 1.49 (95% CI 1.10, 2.03),
which was just outside the predefined margin for
noninferiority.[37] However, despite noninferiority
criteria not being met for MenC, a high propor-
tion (97.1%) of all vaccine recipients achieved
post-vaccination titres of ‡1 : 128 (a conservative
threshold of protection) against all four me-
ningococcal serogroups.

There was also a strong immune response in
recipients of Nimenrix� plus Fluarix�, as as-
sessed by vaccine response rates (same definition
as that in table III) against all four meningococcal
serogroups.[37] One month post-vaccination, vaccine
response rates against serogroupsA,C,W135 andY
were 76.5–88.7% in adults who received Nimenrix�
plus Fluarix� compared with 80.6–92.0% in those
who received Nimenrix� alone.[37]

Recipients of Nimenrix� coadministered with
Fluarix�met all criteria defined by the European
Committee for Human Medicinal Products in
terms of seroprotection, seroconversion and sero-

conversion factors for HI antibodies against all
three influenza strains in the Fluarix� vaccine
(co-primary endpoint).[37] Post-vaccination sero-
conversion rates of 71.4%, 61.9% and 75.7%,
antibody GMTs of 537.2, 177.8 and 192.7 and
seroconversion factor rates (mean log10 post-
vaccination GMT/pre-vaccination GMT) of 9.9%,
5.6% and 9.1% were observed against strains
A/H1N1, A/H3N2 and B, respectively.[37] Fur-
thermore, ‡96% of recipients of the coadmin-
istered vaccines had anti-HI antibody titres of
‡1 : 40 against the three influenza strains 1 month
post-vaccination.[37]

3. Tolerability

This section focuses on data regarding the
tolerability of Nimenrix� in toddlers, children,
adolescents and adults derived from the phase III
clinical trials discussed in section 2.[32-38,48] In one
trial in children aged 2–10 years,[32] the incidence
of all (solicited and unsolicited) grade 3 systemic
adverse events was defined as a co-primary end-
point. The trial in children and adolescents aged
11–17 years[38] also included an analysis of toler-
ability data pooled with those from a separate
trial in adults[36] and was designed to evaluate the
noninferiority of Nimenrix�withMencevax� in
terms of the incidence of all grade 3 systemic ad-
verse events (primary endpoint). Evaluation of
tolerability data was performed on the total vac-
cinated cohort[32-38] or the safety cohort.[48] A
tabulated list of adverse reactions based on a
pooled analysis of >8000 recipients of Nimenrix�
is also available in the European Medicine Agen-
cy’s summary of product characteristics.[25]

Diary cards were used to record the incidence
of solicited local (pain, redness and swelling) and
systemic (drowsiness, fever, irritability and loss of
appetite in individuals aged £5 years and fatigue,
fever, gastrointestinal [GI] adverse events and
headache in individuals aged ‡6 years) adverse
events for 4 days following vaccination, and all
other (unsolicited) adverse events for 31[32-38,48]

(or 43[33]) days after vaccination. Where defined,
grade 3 symptoms included redness and swelling
>30mm (in individuals aged 12 months to 5
years)[32,33] or >50mm (in individuals aged
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>6 years)[32,34,36,38] in diameter, axillary fever
>39.5�C[32,34,36,38] or rectal fever >40�C[33] or other
symptoms that prevented normal activity.[32,33,36,38]

Serious adverse events were monitored throughout
the study[34] or for £6 months following primary
vaccination.[32,33,35-38,48]

3.1 Local Adverse Events

All phase III trials showed that Nimenrix�
was generally well tolerated in terms of the in-
cidence of local solicited adverse events of any
intensity in toddlers, children, adolescents and
adults.[32,33,36,38] In the pooled analysis of all age
groups, the most frequently reported local adverse
events following vaccinationwithNimenrix�were
pain (24.1–39.9%), redness (14.3–33.0%) and
swelling (11.2–17.9%).[25]

In individual clinical trials, redness was the
most frequently reported local adverse event in
toddlers, whereas pain tended to be more fre-
quently reported in older individuals in the first 4
days following vaccination (table IV). The in-
cidence of local solicited adverse events was
generally similar between Nimenrix� recipients
and Meningitec� or Mencevax� recipients, with
the exception of redness, which was reported sig-
nificantly more frequently in Nimenrix� than
Mencevax� recipients in individuals aged 11–17
years,[38] and pain, which was reported more fre-
quently in Mencevax� than Nimenrix� recipi-
ents in individuals aged 6–10 years (table IV).[32]

In the first 4 days following vaccination, the in-
cidence of grade 3 local solicited adverse events was
generally low (£4.4%) in Nimenrix� recipients in
these trials.[32,33,36,38] Less than 1.3% of children,
adolescent and adult recipients of Nimenrix� ex-
perienced any local solicited adverse event of grade
3 intensity compared with £0.3% of recipients of
Mencevax�.[32,36,38] In toddlers aged 12–23months,
grade 3 redness occurred in 4.4% of Nimenrix� and
0.8% ofMeningitec� recipients and grade 3 swelling
occurred in 4.1% and 0.8% of individuals in the re-
spective groups.[33] Where reported,[32,38] there was
no significant difference between the Nimenrix�
group and the Mencevax� group in terms of the
incidences of individual grade 3 local adverse
events.

Nimenrix� was also generally well tolerated
in toddlers, children and adolescents in terms
of local solicited adverse events when coadmin-
istered with other routine childhood vaccines
including Priorix-tetra�,[33] Twinrix�,[34] In-
fanrix� hexa[35] and Synflorix�.[48] In all coad-
ministration trials, the profile of local solicited
adverse events at the Nimenrix� injection site
was generally comparable to that seen in the sin-
gle vaccination trials.[33-35,48] In toddlers receiv-
ing Nimenrix�, Synflorix� or Nimenrix� plus
Synflorix�,[48] pain of grade 3 intensity was re-
ported in 6.8–8.8% of toddlers at the Synflorix�
injection site compared with 2.4–7.8% of toddlers
at the Nimenrix� injection site. Nimenrix� had
an acceptable tolerability profile in adults when
coadministered with Fluarix�, with no more
than 1.9% of individuals experiencing grade 3
solicited local adverse events.[37]

3.2 Systemic Adverse Events

Nimenrix� was generally well tolerated in
terms of the incidence of systemic solicited ad-

Table IV. Comparative tolerability of Nimenrix� in healthy toddlers,

children, adolescents and adults. Incidences of all local solicited

adverse events of any intensity occurring within 4 d of vaccination in

the phase III trials discussed in section 2. Incidences in three stud-

ies[32,33,38] were estimated from graphs

Vaccine (no. of

subjects)

Adverse event (%)

Pain Redness Swelling

In toddlers aged 12–23mo[33]

Nimenrix� (354) 29 37 19

Meningitec� (118) 25 31 8

In children aged 2–5 y[32]

Nimenrix� (578) 18 14 5

Mencevax� (190) 20 16 8

In children aged 6–10 y[32]

Nimenrix� (547) 19 20 10

Mencevax� (186) 26* 19 8

In children and adolescents aged 11–17 y[38]

Nimenrix� (768) 26.2 12.3* 9.3

Mencevax� (257) 26.8 6.3 6.3

In adults aged 18–55 y[36]

Nimenrix� (927) 19.4 8.8 7.9a

Mencevax� (310) 13.5 4.5 1.9

a The 95% CIs for the two groups did not overlap.

*p <0.05 vs comparator.
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verse events of any intensity in toddlers, children,
adolescents and adults.[32,33,36,38] In a pooled
analysis of data across all clinical studies, the
most frequently reported systemic adverse events
in toddlers (aged 12–23 months) and children
(aged 2–5 years) who received Nimenrix� were
irritability (36.2% and 7.5%, respectively), drows-
iness (27.8% and 8.8%), loss of appetite (20.7%
and 6.3%) and fever (17.6% and 6.5%).[25]

The pooled analysis also showed that the most
frequently reported systemic adverse events in
children aged 6–10 years, adolescents aged 11–17
years and adults aged ‡18 years who received
Nimenrix� were headache (13.3%, 16.1% and
17.6%, respectively), fatigue (13.8%, 16.3% and
16.4%), GI symptoms (7.5%, 6.4% and 6.3%)
and fever (7.5%, 4.1% and 4.0%).[25]

In individual clinical trials, during the first 4
days following vaccination, irritability was the
most frequent adverse event of any intensity re-
ported in toddlers, whereas in older individuals,
fatigue and headache were generally the most
frequent adverse events (table V).[32,33,36,38]

The incidence of grade 3 systemic solicited
adverse events was generally low across all
trials.[32,33,36,38] In toddlers, systemic solicited
adverse events of grade 3 intensity were reported
in £1.6% of individuals and no recipients of
Nimenrix� exhibited grade 3 fever.[33] No more
than 1% of children or adolescents receiving
either Nimenrix� or Mencevax� reported sys-
temic symptoms of grade 3 intensity.[32,38] In
adult individuals, headache was the most fre-
quently reported grade 3 systemic adverse event,
which occurred in 1.5%Nimenrix� recipients.[36]

However, noninferiority of Nimenrix� with
Mencevax� in terms of the incidence of solicited
and unsolicited systemic adverse events of grade 3
intensity was not met in the analyses of toler-
ability data from the trial in children aged 2–10
years[32] and the pooled analysis of children and
adults aged 10–55 years.[38] In the study in chil-
dren, which was conducted in the Philippines,
India, Lebanon and Saudi Arabia, noninferiority
of Nimenrix� with Mencevax� in terms of the
incidence of grade 3 systemic symptoms (primary
objective) was not achieved, as the upper limit of
the 95%CI of the between-group ratio (3.34 [95%

CI 0.56, 20.25]) was more than the predefined
cut-off of £3.[32] However, it should be noted that
the study was underpowered to meet the primary
objective because of differences between the
adolescent US population (used as the reference
group) and Asian children in terms of the inci-
dence of general symptoms; the incidence of
grade 3 systemic symptoms in the Nimenrix�
and Mencevax� groups was 0.3–0.9% compared
with the estimated rate of 3%.[32] When stratified by
age, the incidence of grade 3 solicited and unsolicited
systemic symptomswas 1% inNimenrix� recipients
compared with 0% inMencevax� recipients among
2–5 year olds, and in the 6–10 year olds the incidence
was 0.7% and 0.5%, respectively.[32]

Similarly, in the pooled analysis, the ratio of
the incidence of grade 3 solicited or unsolicited
systemic adverse events with Nimenrix� over

Table V. Comparative tolerability of Nimenrix� in healthy toddlers,

children, adolescents and adults. Incidences of all systemic solicited

adverse events of any intensity occurring within 4 days of vaccination

in the phase III trials discussed in section 2. Incidences in

three[32,33,38] studies were estimated from graphs

Vaccine (no. of

subjects)

Adverse event (%)

Drowsiness Fever Irritability LOA

In toddlers aged 12–23mo[33]

Nimenrix� (354) 28 8a 41 23

Meningitec�

(118)

32 12a 43 27

In children aged 2–5 y[32]

Nimenrix� (578) 6 8b 5 6

Mencevax� (190) 2 6b 3 3

Fatigue Fevera Headache GI

In children aged 6–10 y[32]

Nimenrix� (547) 6 9 9 4

Mencevax� (186) 10 10 10 8

In adolescents aged 11–17 y[38]

Nimenrix� (768) 14 6 13 4

Mencevax� (257) 14 5 10 3

In adults aged 18–55 y[36]

Nimenrix� (927) 12.3 4.0 16.3 4.6

Mencevax� (310) 9.7 4.5 14.2 3.2

a Rectal temperature ‡38�C.

b Axiliary temperature ‡37.5�C.

GI= gastrointestinal; LOA = loss of appetite.
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those with Mencevax� was 1.42 (95% CI 0.67,
3.00).[38] The upper limit of the 95% CI was
3.0024, which marginally exceeded the predefined
limit of 3.0.[38] However, exploratory analyses
showed no significant differences between the
two vaccination groups in the incidences of either
solicited or unsolicited systemic symptoms, re-
gardless of intensity.[38] There were also no signif-
icant differences between the vaccination groups
in the incidence of individual solicited systemic
adverse events of any or grade 3 intensity when
each study was evaluated separately.[38]

Nimenrix� coadministered with other vaccines
was also generally well tolerated in terms of the
incidence of systemic adverse events. The most
common systemic solicited adverse event in tod-
dlers receiving Nimenrix� plus Priorix-tetra�
was irritability (in »50% of toddlers; value esti-
mated from a graph).[33] In toddlers receiving
Nimenrix� plus Infanrix� hexa, drowsiness and
fever occurred significantly (p < 0.05) more fre-
quently than in toddlers receiving the vaccines
separately.[35] The most common solicited sys-
temic adverse events in children and adolescents
receiving Nimenrix� plus Twinrix� were fatigue
(in »28% of individuals) and headache (»24%)
[values estimated from a graph].[34] No more than
1.9% of individuals receiving Nimenrix� plus
Fluarix� or Nimenrix� plus Synflorix� experi-
enced a grade 3 solicited systemic adverse event.[37,48]

In toddlers receiving Nimenrix�, Synflorix� or
Nimenrix� plus Synflorix�, the most common
solicited systemic adverse event in all groups was
irritability (incidence 40–49%; values estimated
from a graph); one toddler receiving Nimenrix�
had grade 3 fever (rectal temperature ‡40�C),
which was considered vaccine related.[48]

3.3 Other Adverse Events

The incidence of serious adverse events was low
in Nimenrix� recipients in all age groups.[32,33,36,38]

During the 43-day post-vaccination period in
toddlers, serious adverse events were reported
in 0.5% of Nimenrix� recipients and 0.8% of
Nimenrix� plus Priorix-tetra� recipients.[33] A
further 1.6–2.7% of individuals in all study groups
(including Meningitec recipients�) reported seri-

ous adverse events during an extended follow-
up period of 6 months.[33] Similarly, 1.3% of
Nimenrix� and 1.9% of Mencevax� recipients
reported serious adverse events £6 months post-
vaccination in the trial in children aged 2–10
years;[32] the corresponding values in the trial in
11–17 year olds were 0.4% and 0.8%.[38] None of
the serious adverse events were thought to be
causally related to vaccination.[32,33,38] In the trial
in adults,[36] 0.7% of Nimenrix� recipients and
0.3% of Mencevax� recipients reported serious
adverse events during 6 months of follow-up.
One subject in the Nimenrix� group reported
abdominal pain and gastritis 5 days after vacci-
nation, which were considered to be causally re-
lated to the vaccine.[36] All serious adverse events
resolved without sequelae.[36]

The incidence of serious adverse events was
also low in recipients of Nimenrix� coadministered
with other routine childhood vaccines.[33-35,48] One
Nimenrix� plus Twinrix� recipient reported
syncope and concussion, which were considered
to be causally related to vaccination,[34] pre-
sumably because the recipient passed out, fell and
sustained a head injury, although this was not
specifically mentioned by the study authors.
None of the serious adverse events reported in
recipients of Nimenrix� plus Infanrix� hexa
were thought to be causally related to vaccina-
tion.[35] In Nimenrix� plus Synflorix� recipi-
ents, six (3.3%) toddlers experienced one or more
serious adverse events compared with three
(3.3%) Nimenrix� and four (4.4%) Synflorix�
recipients up to 1 month after the last vaccination;
however, none of these events were considered to
be vaccine related and all events resolved without
sequelae.[48]

A low incidence of unsolicited causally related
adverse events was reported during 31 days of
follow-up in the trial in 11–17 year olds (1.4% of
Nimenrix� and 1.2% of Mencevax� recipients),
none of which were of grade 3 intensity.[38]

During the 31-day follow-up period of the trial in
adults,[36] 14.4% of Nimenrix� and 15.1% of
Mencevax� recipients reported unsolicited ad-
verse events of any intensity; the incidence for
grade 3 unsolicited adverse events was 1.4% and
1.0%, respectively.
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When Nimenrix� was coadministered with
Priorix-tetra� in toddlers, 31.7% of recipients
experienced rash (any) over 43 days of follow-up
compared with 29.0% of Priorix-tetra� recipi-
ents, 18.0% of Nimenrix� recipients and 19.4%
of Meningitec� recipients.[33] Measles-/rubella-
like rash occurred in 3.7% of Nimenrix� plus
Priorix-tetra� recipients, 3.2% of Priorix-tetra�
recipients and in none of the recipients of
Nimenrix� or Meningitec�; varicella-like rash
was reported by 2.4% of toddlers in the coad-
ministration group, Priorix-tetra� group and
Meningitec� group compared with 1.4% of tod-
dlers in the Nimenrix� group.[33] Approximately
one-third of toddlers experienced an unsolicited
adverse event when Nimenrix� was coadmin-
istered with Infanrix� hexa; grade 3 unsolicited
adverse events occurred with a frequency of 0–2.3%
over 31 days of follow-up.[35] At least one un-
solicited adverse event was experienced by 16.9%
of Nimenrix� plus Twinrix� recipients com-
pared with 10.7% of Nimenrix� recipients over
31 days of follow-up.[34] In toddlers receiving
Nimenrix�, Synflorix� or Nimenrix� plus
Synflorix�, the proportion of patients experi-
encing unsolicited adverse events during the 31-
day follow-up period ranged between 34.4% and
46.7%. Eleven toddlers in the coadministration
group experienced grade 3 unsolicited adverse
events compared with eight and five toddlers in
the Nimenrix� and Synflorix� groups, respect-
ively, none of which were considered vaccine re-
lated.[48]

4. Dosage and Administration

Nimenrix� is approved in Europe for active
immunization of individuals aged ‡12 months
against invasive meningococcal disease caused by
N. meningitidis serogroups A, C, W135 and Y.[25]

Nimenrix�may also be used for revaccination in
individuals previously vaccinated with a plain poly-
saccharide meningococcal vaccine. The need for
revaccination in individuals receivingNimenrix� as
primary vaccination has not been determined.[25]

Nimenrix� is available as a powder and saline
solvent that must be reconstituted immediately
before administration. It should be administered

as a single 0.5mL intramuscular injection, pref-
erably into the deltoid muscle; in children aged
12–23 months, it may also be administered in the
anterolateral part of the thigh. The vaccine should
not be administered intravascularly, intradermally
or subcutaneously.

Studies have shown a rapid waning of serum
bactericidal antibody titres against meningo-
coccal serogroup A when using human comple-
ment in the assay 12 months after vaccination
with Nimenrix� (section 2.2).[25] Although the
clinical significance of this decline in hSBA-MenA
antibody titres is unknown, administration of a
second dose of Nimenrix� may be considered in
individuals who are expected to be at particular
risk of exposure to MenA and who have received
a first dose of the vaccine more than »1 year pre-
viously.[25]

The safety and efficacy of Nimenrix� in chil-
dren aged <12 months has not been determined
and it is not approved for use in this age group.[25]

Vaccination should be postponed in individuals
suffering from acute severe febrile illness and
caution is advised in individuals with thrombo-
cytopenia or any coagulation disorder. Nimenrix�
may be administered concomitantly with hepatitis
A or B vaccines, MMRV vaccine, 10-valent
pneumococcal conjugate vaccine or unadjuvanted
seasonal influenza vaccine (section 2.3). It may
also be administered concomitantly with diph-
theria-tetanus-acellular pertussis (DTaP) vaccines
in the second year of life, including combination
DTaP vaccines with hepatitis B, inactivated polio
or H. influenzae type b, such as DTaP-HBV-
IPV/Hib vaccine. The vaccines should always be
administered at different injection sites.[25]

Local prescribing information should be con-
sulted for detailed contraindications, warnings,
precautions and recommendations.

5. Place of Nimenrix� in the
Management of Meningococcal Disease

Invasive meningococcal disease is confirmed
by the isolation of N. meningitidis from a normally
sterile site (e.g. blood or cerebrospinal fluid) from
a person with clinically compatible illness.[56]

The disease usually presents as meningitis and/or
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septicaemia, with other clinical manifestations
being pneumonia, arthritis, otitis media, epiglot-
titis and pericarditis.[57,58] Despite optimal health-
care, meningococcal disease is fatal in 9–12%
of cases overall, with a death rate approaching
40% in patients with sepsis.[57] Survivors of me-
ningococcal disease may suffer from permanent
brain damage, blindness, hearing loss, kidney
failure, amputation and chronic neurological
disorders.[57] Infants are most at risk from me-
ningococcal disease, although the incidence peaks
again during adolescence and early adulthood,
and adolescents generally have the highest rates
of related deaths.[58]

The WHO estimated in 2001 that there were
approximately 1.2 million cases of invasive
meningococcal disease worldwide, leading to
135 000 related deaths annually.[59] However, the
epidemiology of meningococcal disease varies by
geographic region and time.[6] The highest in-
cidence is found in the ‘meningitis belt’ of sub-
Saharan Africa where the disease (largely caused
by meningococcal serogroup A) is characterized
by annual outbreaks and cyclical epidemics every
5–12 years;[60] the incidence rate in epidemic years
may reach 1000 per 100 000 population.[15] On
the other hand, in the US and Europe, there are
typically 1–2 cases of meningococcal disease per
100 000 population, with outbreaks occurring in
clusters during occasional epidemics.[4,57,61,62]

Even with these comparatively low rates, me-
ningococcal disease continues to cause consider-
able morbidity and mortality in the industrialized
world, with the majority of the disease burden
borne by younger children. Furthermore, the
public health costs associated with invasive me-
ningococcal disease-related sequelae are con-
siderable.[63,64]

According to the recommendations of the UK
Health Protection Agency (HPA) Centre for In-
fections,[2] a dose of MenC conjugate vaccine
should be included in the immunization schedule
after the age of 1 year. Data from the UK showed
that high levels of direct protection against me-
ningococcal disease were maintained for up to 4
years in children and adolescents immunized with
a MenC conjugate vaccine between the ages of
5 months and 18 years.[65] In contrast, in in-

dividuals aged <5 months, vaccine effectiveness
declined to low levels within 1 year of vaccina-
tion, necessitating a booster vaccination.[65] Con-
sequently, vaccination with a MenC conjugate
vaccine in the second year of life is likely to pro-
vide longer-term protection and a simpler dosing
schedule for younger children.[2]

In this regard, the introduction of monovalent
meningococcal serogroup C conjugate vaccines
(e.g. Meningitec� and Menjugate�) in Europe
and elsewhere has resulted in a marked and sus-
tained reduction in disease caused by serogroup
C.[66] This is most likely due to decreased naso-
pharyngeal carriage and robust herd protection
associated with these vaccines.[67] Meningitec� may
be administered from a very early age (usually as a
two-dose primary vaccination schedule in infants
aged £12 months, followed by a booster dose[68]).
Encouraging results have also been achieved with a
monovalent serogroup A polysaccharide-TT con-
jugate vaccine (MenAfriVac�) in children and
adults,[14] which has been introduced in several
African countries.[69]

However, from a global perspective, the
emergence of other serogroups (such as W135
and X, for example) underlying meningococcal
disease has highlighted the need for vaccines with
broader serogroup coverage.[6] Indeed, the UK
HPA Centre for Infections[2] and the US Centers
for Disease Control and Prevention[70] recommend
routine vaccination of adolescents and other persons
at risk of meningococcal disease with a quadriva-
lent meningococcal conjugate vaccine. The non-
conjugated quadrivalent vaccines (e.g.Menomune�,
Mencevax�) are less immunogenic (except for the
response to MenA polysaccharide) in infants aged
<2 years.[1,7,14] The availability of the quadrivalent
conjugate vaccines Menactra� and Menveo� has
expanded vaccination options in younger age
groups. However, Menveo� is not approved for
use in children aged <2 years and Menactra� must
be used as a two-dose schedule in this age group.
There is one other quadrivalent polysaccharide-TT
conjugate vaccine (TetraMen-T) that is currently
in development for administration as a single dose
at 1 year of age.[71]

Nimenrix� is also a quadrivalent meningo-
coccal conjugate vaccine, comprising poly-
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saccharide serogroups A, C, W135 and Y, and
TT as carrier protein,[25] which is approved in
Europe for immunization (as a single-dose) of
individuals aged ‡12 months against invasive
meningococcal disease caused by N. meningitidis.
Data from several randomized, multicentre,
open-label phase III trials showed that adminis-
tration of a single dose of Nimenrix� elicited
a robust immune response against the vaccine
serogroups (section 2). There is also evidence
suggesting that Nimenrix� could be used for re-
vaccination of individuals who had previously
been vaccinated with polysaccharide vaccine (sec-
tion 2.1.4). Furthermore, several phase III non-
inferiority trials showed that Nimenrix� may be
safely coadministered with other routine vaccines
(including Priorix-tetra�, Infanrix� hexa,
Twinrix�, Fluarix� and Synflorix�) without
compromising the immune responses of either
vaccine (section 2.3).

There is also evidence suggesting that
Nimenrix� induces immunological memory in
toddlers (section 2.2.2). However, studies have
indicated that circulating antibody may be
needed for conferring protection against meningo-
coccal disease, as a booster response may not be
fast enough to prevent the rapid onset of dis-
ease.[72] Results from several studies in all age
groups showed persistence of antibodies against
the four vaccine serogroups up to 42 months after
primary vaccination with Nimenrix� when eval-
uated using rSBA (section 2.2).

However, a rapid waning of hSBA-MenA
antibodies was observed in Nimenrix� recipi-
ents in several trials (section 2.2), consistent with
results observed with other quadrivalent con-
jugate meningococcal vaccines, Menveo� and
Menactra�.[73] Although the clinical significance
of this decline in hSBA-MenA antibody titres is
unknown,[25] waning of antibody titres could re-
sult in increased susceptibility to meningococcal
serogroup A disease, which may have implica-
tions for regions with high prevalence of this
serogroup, such as in parts of Africa. Thus, ac-
cording to the European summary of product
characteristics, administration of a second dose
of Nimenrix� may be considered in individuals
who are expected to be at particular risk of ex-

posure to MenA (section 4).[25] As antibody per-
sistence data are limited to up to 42 months after
Nimenrix� vaccination, further studies are re-
quired to assess the persistence of immune re-
sponse in the long term.

Nimenrix� was generally well tolerated in
individuals, whether administered as a single
vaccine or coadministered with other routine
vaccinations (section 3). In addition, Nimenrix�
generally showed a similar tolerability profile to
that of other comparator meningococcal vac-
cines, in terms of both local and systemic soli-
cited adverse events. The incidence of grade 3
local or systemic solicited adverse events during
the first 4 days following vaccination and of
serious adverse events over an extended follow-
up period of up to 6 months was low (<4.5%;
section 3).

In conclusion, several well designed clinical
trials showed that a single dose of Nimenrix�
elicited a robust immune response against me-
ningococcal serogroups A, C, W135 and Y, and
was generally well tolerated in toddlers, children,
adolescents and adults. Studies also showed that
Nimenrix� can be safely administered with other
routine vaccines, without compromising immune
responses elicited by either vaccine. More limited
data have demonstrated the persistence of im-
munogenicity of Nimenrix�, and longer-term
follow-up studies are warranted. Nevertheless,
current evidence suggests that Nimenrix�, ad-
ministered as a single dose, provides a valuable
vaccination option for the prevention of me-
ningococcal disease across a broad age group,
including children as young as 12 months.

Disclosure

The preparation of this review was not supported by any
external funding. During the peer review process, the manu-
facturer of the agent under review was offered an opportunity
to comment on this article. Changes resulting from comments
received were made by the author on the basis of scientific and
editorial merit.

References
1. Stephens DS, Greenwood B, Brandtzaeg P. Epidemic me-

ningitis, meningococcaemia, and Neisseria meningitidis.
Lancet 2007; 369 (9580): 2196-210

Meningococcal Quadrivalent Vaccine: A Review 2427

Adis ª 2012 Springer International Publishing AG. All rights reserved. Drugs 2012; 72 (18)



2. Trotter CL, Ramsay ME. Vaccination against meningo-
coccal disease in Europe: review and recommendations for
the use of conjugate vaccines. FEMS Microbiol Rev 2007;
31 (1): 101-7

3. Girard MP, Preziosi MP, Aguado MT, et al. A review of
vaccine research and development: meningococcal disease.
Vaccine 2006 May 29; 24 (22): 4692-700

4. Thigpen MC, Whitney CG, Messonnier NE, et al. Bacterial
meningitis in the United States, 1998-2007. N Engl J Med
2011 May 26; 364 (21): 2016-25

5. Harrison LH. Epidemiological profile of meningococcal
disease in the United States. Clin Infect Dis 2010; 50 Suppl.
2: S37-44

6. Harrison LH, Trotter CL, Ramsay ME. Global epidemiol-
ogy of meningococcal disease. Vaccine 2009 Jun 24; 27
Suppl. 2: B51-63

7. Miller JM, Mesaros N, Van Der Wielen M, et al. Conjugate
meningococcal vaccines development: GSK Biologicals
experience. Adv Prev Med 2011; 2011: 846756

8. Mutonga DM, Pimentel G, Muindi J, et al. Epidemiology
and risk factors for serogroup X meningococcal meningitis
during an outbreak in western Kenya, 2005-2006. Am
J Trop Med Hyg 2009 Apr; 80 (4): 619-24

9. Hill D, Griffiths N, Borodina E, et al. Cellular and molec-
ular biology of Neisseria meningitidis colonization and
invasive disease. Clin Sci (Lond) 2010; 118 Pt 9: 547-64

10. Broker M, Jacobsson S, Detora L, et al. Increase of me-
ningococcal serogroup Y cases in Europe: a reason for
concern? Hum Vaccin Immunother 2012 May; 8 (5): 685-8

11. Marc LaForce F, Ravenscroft N, Djingarey M, et al. Epi-
demic meningitis due to Group A Neisseria meningitidis in
the African meningitis belt: a persistent problem with an
imminent solution. Vaccine 2009 Jun 24; 27 Suppl. 2: B13-9

12. Boisier P, Nicolas P, Djibo S, et al. Meningococcal me-
ningitis: unprecedented incidence of serogroup X-related
cases in 2006 in Niger. Clin Infect Dis 2007 Mar 1; 44 (5):
657-63

13. Lingappa JR, Al-Rabeah AM, Hajjeh R, et al. Serogroup
W-135meningococcal disease during the Hajj, 2000. Emerg
Infect Dis 2003 Jun; 9 (6): 665-71

14. Choudhuri D, Huda T, Theodoratou E, et al. An evaluation
of emerging vaccines for childhood meningococcal disease.
BMC Public Health 2011; 11 Suppl. 3: S29

15. Stephens DS. Conquering the meningococcus. FEMS
Microbiol Rev 2007 Jan; 31 (1): 3-14

16. Harrison LH. Prospects for vaccine prevention of me-
ningococcal infection. Clin Microbiol Rev 2006 Jan; 19 (1):
142-64

17. Broker M, Dull PM, Rappuoli R, et al. Chemistry of a new
investigational quadrivalent meningococcal conjugate
vaccine that is immunogenic at all ages. Vaccine 2009; 27
(41): 5574-80

18. Papaevangelou V, Spyridis N. MenACWY-TT vaccine for
active immunization against invasive meningococcal dis-
ease. Expert Rev Vaccines 2012 May; 11 (5): 523-37

19. Advisory Committee on Immunization Practices. Updated
recommendation from the Advisory Committee on Im-
munization Practices (ACIP) for reactivation of persons
at prolonged increased risk for meningococcal disease.

MMWR Morb Mortal Wkly Rep 2009 Sep 25; 58 (37):
1042-3

20. Deeks ED. Meningococcal quadrivalent (serogroups A, C,
W135, and Y) conjugate vaccine (Menveo�): in adolescents
and adults. BioDrugs 2010; 24 (5): 287-97

21. Sanofi Pasteur Inc. Menactra� (meningococcal [groups A,
C, Y and W-135] polysaccharide diphtheria toxoid con-
jugate vaccine): US prescribing information [online]. Avail-
able from URL: http://www.fda.gov/downloads/biologics
bloodvaccines/vaccines/approvedproducts/ucm131170.pdf
[Accessed 2012 Jul 30]

22. Novartis AG. Menveo� (meningococcal [groups A, C, Y
andW-135] oligosaccharide diphtheria CRM197 conjugate
vaccine): US prescribing information [online]. Available
from URL: http://www.fda.gov/downloads/biologicsblood
vaccines/vaccines/approvedproducts/ucm201349.pdf [Ac-
cessed 2012 Jul 30]

23. European Medicines Agency. Menveo (meningococcal
[group A, C, W135 and Y] conjugate vaccine): summary of
product characteristics [online]. Available from URL:
http://www.emea.europa.eu/docs/en_GB/document_library/
EPAR_-_Product_Information/human/001095/WC500090
147.pdf [Accessed 2012 Jul 30]

24. European Medicines Agency. Menveo: summary of opinion
(post authorisation) [online]. Available from URL: http://
www.ema.europa.eu/docs/en_GB/document_library/Sum
mary_of_opinion/human/001095/WC500124220.pdf [Ac-
cessed 2012 Nov 11]

25. European Medicines Agency. Meningococcal group A, C,
W-135 and Y conjugate vaccine Nimenrix: summary of
product characteristics [online]. Available from URL:
http://www.europa.eu [Accessed 2012 May 25]

26. GlaxoSmithKline. GlaxoSmithKline receives European au-
thorisation for Nimenrix� (meningococcal group A, C,W-
135 and Y conjugate vaccine) [media release]. 2012 Apr 27
[online]. Available fromURL: http://www.gsk.com/media/
press-releases/2012/glaxosmithkline-receives-european-aut
horisation-for-nimenrix-meningococcal-group-a-c-w-135-
and-y-conjugate-vaccine.html

27. Knuf M, Kieninger-Baum D, Habermehl P, et al. A dose-
range study assessing immunogenicity and safety of one
dose of a new candidate meningococcal serogroups A, C,
W-135, Y tetanus toxoid conjugate (MenACWY-TT) vac-
cine administered in the second year of life and in young
children. Vaccine 2010; 28 (3): 744-53

28. Ostergaard L, Lebacq E, Poolman J, et al. Immunogenicity,
reactogenicity and persistence of meningococcal A, C,
W-135 and Y-tetanus toxoid candidate conjugate (Me-
nACWY-TT) vaccine formulations in adolescents aged 15-
25 years [published erratum appears in Vaccine 2009; 27
(52): 7467]. Vaccine 2009; 27 (1): 161-8

29. Baxter R, Baine Y, Ensor K, et al. Immunogenicity and
safety of an investigational quadrivalent meningococcal
ACWY tetanus toxoid conjugate vaccine in healthy ado-
lescents and young adults 10 to 25 years of age. Pediatr
Infect Dis J 2011; 30 (3): e41-8

30. Vesikari T, Forsten A, Boutriau D, et al. A randomized
study to assess the immunogenicity, antibody persistence
and safety of a tetravalent meningococcal serogroups A, C,
W-135 and Y tetanus toxoid conjugate vaccine in children
aged 2-10 y. Hum Vaccin Immunother. Epub 2012 Oct 2

2428 Croxtall & Dhillon

Adis ª 2012 Springer International Publishing AG. All rights reserved. Drugs 2012; 72 (18)



31. Borja-Tabora C, Montalban C, Memish Z, et al. Immuno-
genicity of one dose of an investigational meningococcal
tetravalent tetanus-toxoid conjugate (MENACWY-TT)
vaccine in 11-17 year olds [abstract no. 568]. 6th World
Congress of the World Society for Pediatric Infectious
Diseases (WSPID); 2009 Nov 19-22; Buenos Aires

32. Memish ZA, Dbaibo G, Montellano M, et al. Immuno-
genicity of a single dose of tetravalent meningococcal
serogroups A, C, W-135, and Y conjugate vaccine ad-
ministered to 2- to 10-year-olds is noninferior to a licensed-
ACWY polysaccharide vaccine with an acceptable safety
profile. Pediatr Infect Dis J 2011; 30 (4): e56-62

33. Vesikari T, Karvonen A, Bianco V, et al. Tetravalent me-
ningococcal serogroups A, C, W-135 and Y conjugate
vaccine is well tolerated and immunogenic when co-
administered with measles-mumps-rubella-varicella vac-
cine during the second year of life: an open, randomized
controlled trial. Vaccine 2011; 29 (25): 4274-84

34. Ostergaard L, Silfverdal S-A, Berglund J, et al. A tetravalent
meningococcal serogroups A, C, W-135, and Y tetanus
toxoid conjugate vaccine is immunogenic and well-
tolerated when co-administered with Twinrix in individuals
aged 11-17 years: an open, randomised, controlled trial.
Vaccine 2012; 30 (4): 774-83

35. Knuf M, Pantazi-Chatzikonstantinou A, Pfletschinger U,
et al. An investigational tetravalent meningococcal sero-
groups A, C, W-135 and Y-tetanus toxoid conjugate
vaccine co-administered with Infanrix hexa is immuno-
genic, with an acceptable safety profile in 12-23-month-old
children. Vaccine 2011; 29 (25): 4264-73

36. Dbaibo G, Macalalad N, Reyes MR, et al. The immuno-
genicity and safety of an investigational meningococcal
serogroups A, C, W-135, Y tetanus toxoid conjugate vac-
cine (ACWY-TT) compared with a licensed meningococcal
tetravalent polysaccharide vaccine: a randomized, con-
trolled non-inferiority study. Hum Vaccin Immunother
2012 Jul 1; 8 (7): 873-80

37. Reyes MR, Dimaano E, Macalalad N, et al. The investiga-
tional meningococcal serogroups A, C, W-135, Y tetanus
toxoid conjugate vaccine (ACWY-TT) and the seasonal
influenza virus vaccine are immunogenic and well-tolerated
when co-administered in adults. Hum Vaccin Immunother
2012 Jul 1; 8 (7): 881-7

38. Bermal N, Huang L-M, Dubey AP, et al. Safety and
immunogenicity of a tetravalent meningococcal serogroups
A, C, W-135 and Y conjugate vaccine in adolescents and
adults. Hum Vaccines 2011; 7 (2): 239-47

39. DbaiboG, Van derWielenM, RedaM, et al. The tetravalent
meningococcal serogroups A, C, W-135, and Y tetanus
toxoid conjugate vaccine is immunogenic with a clinically
acceptable safety profile in individuals previously vacci-
nated with a tetravalent polysaccharide vaccine. Int J Infect
Dis 2012 Aug; 16 (8): e608-15

40. Vesikari T, Forsten A, Boutriau D, et al. Randomized trial
to assess the immunogenicity, safety and antibody persis-
tence up to three years after a single dose of a tetravalent
meningococcal serogroups A, C, W-135 and Y tetanus
toxoid conjugate vaccine in toddlers. Human Vaccin Im-
munother. Epub 2012 Oct 2

41. Klein NP, Baine Y, Bianco V, et al. Immunogenicity and
safety of an investigational quadrivalent meningococcal
ACWY tetanus toxoid conjugate vaccine in healthy tod-

dlers: 1-year persistence [abstract no. G1-753]. 51st Inter-
national Conference on Antimicrobial Agents and Che-
motherapy; 2011 Sep 17-20; Chicago (IL)

42. Borja-Tabora C, Montalban C, Memish Z, et al. Persistence
of immune response up to 3 years following vaccination
with MenACWY-TT meningococcal vaccine in individuals
aged 11-55 years [abstract]. 4th Northern European Con-
ference on Travel Medicine; 2012 Jun 6-8; Dublin

43. Ostergaard L, Bianco V, Van Der Wielen M, et al. Persis-
tence of immune response to candidate meningococcal
serogroups A, C, W-135, Y tetanus toxoid-conjugated
vaccine (MenACWY-TT) up to 42 months following pri-
mary vaacination [abstract no. 530]. 3rd Congress of the
European Academy of Paediatric Sciences; 2010 Oct 23-26;
Copenhagen

44. Baxter R, Baine Y, Ensor K, et al. Immunogenicity and
safety of an investigational quadrivalent meningococcal
ACWY tetanus toxoid conjugate vaccine in healthy ado-
lescents and young adults: 1-year persistence [abstract no.
G1-754]. 51st International Conference on Antimicrobial
Agents and Chemotherapy; 2011 Sep 17-20; Chicago (IL)

45. Knuf M, Baine Y, Bianco V, et al. Antibody persistence and
immune memory 15 months after priming with an in-
vestigational tetravalent meningococcal tetanus toxoid
conjugate vaccine (MenACWY-TT) in toddlers and young
children. Hum Vaccin Immunother 2012 Jul; 8 (7): 866-72

46. Vesikari T, Forsten A, Bianco V, et al. Persistence of im-
mune response to a candidate meningococcal tetravalent
tetanus toxoid-conjugate vaccine (MENACWY-TT) in
toddlers, 2 years after vaccination [abstract]. 30th Annual
Meeting of the European Society for Paediatric Infectious
Diseases; 2012 May 8-12; Thessaloniki

47. Quiambao BP, Jain H, Bavdekar A, et al. Persistence of
immune response to a candidate meningococcal tetravalent
tetanus toxoid-conjugate vaccine (MenACWY-TT) in
healthy Asian adolescents, 2-years after vaccination [ab-
stract]. 30th Annual Meeting of the European Society for
Paediatric Infectious Diseases; 2012 May 8-12; Thessalo-
niki

48. Ruiz-Palacios GM, Huang LM, Lin TY, et al. Immuno-
genicity and safety of a booster dose of the 10-valent
pneumococcal haemophilus influenzae protein D con-
jugate vaccine co-administered with the tetravalent me-
ningococcal serogroups A, C, W-135, and Y tetanus toxoid
conjugate vaccine in toddlers: a randomized trial. Pediatr
Infect Dis J. Epub 2012 Oct 16

49. Nauta JJ, de Bruijn IA. The European CHMP criteria for
influenza vaccine immunogenicity cannot be improved by
the use of confidence intervals. Vaccine 2006 Nov 10; 24
(44-46): 6643-4

50. Borrow R, Andrews N, Goldblatt D, et al. Serological basis
for use of meningococcal serogroup C conjugate vaccines
in the United Kingdom: reevaluation of correlates of pro-
tection. Infect Immun 2001 Mar; 69 (3): 1568-73

51. Goldschneider I, Gotschlich EC, Artenstein MS. Human
immunity to the meningococcus. I. The role of humoral
antibodies. J Exp Med 1969 Jun 1; 129 (6): 1307-26

52. GlaxoSmithKline. Lot-to-lot consistency, non-inferiority
versus Mencevax� and evaluation of the co-administration
with Fluarix� of GSK Biologicals meningococcal vaccine
GSK134612, in healthy subjects aged 18 through 55 years

Meningococcal Quadrivalent Vaccine: A Review 2429

Adis ª 2012 Springer International Publishing AG. All rights reserved. Drugs 2012; 72 (18)



of age (study no. 109067) [online]. Available from URL:
www.gsk-clinicalstudyregister.com [Accessed 2012 Nov 13]

53. GlaxoSmithKline. Persistence of antibodies after GSK
Biologicals’ meningococcal vaccine GSK134612 in tod-
dlers (study no.112036) [online]. Available from URL:
www.gsk-clinicalstudyregister.com [Accessed 2012 Jun 21]

54. GlaxoSmithKline. A phase II, open (partially double-blind),
randomized, controlled dose-range study to evaluate the
immunogenicity, reactogenicity and safety of four different
formulations of GlaxoSmithKline (GSK) Biologicals’ new
generations meningococcal serogroups A, C, W-135, Y te-
tanus toxoid conjugate (MenACWY-TT) vaccine versus
MENINGITEC� or MENCEVAX� ACWY when given
as one dose to children aged 12 to 14 months and 3 to 5
years old (study no. 104703 and 104704) [online]. Available
from URL: www.gsk-clinicalstudyregister.com [Accessed
2012 Jun 21]

55. GlaxoSmithKline. Persistence of antibodies after vaccina-
tion with GSK Biologicals’ meningococcal vaccine
GSK134612 in adolescents and young adults (study no.
112148) [online]. Available from URL: www.gsk-
clinicalstudyregister.com [Accessed 2012 Jun 22]

56. Bilukha OO, Rosenstein N. Prevention and control of me-
ningococcal disease: recommendations of the Advisory
Committee on Immunization Practices (ACIP). MMWR
Recomm Rep 2005 May 27; 54 (RR07): 1-21

57. Rosenstein NE, Perkins BA, Stephens DS, et al. Meningo-
coccal disease. N Engl JMed 2001May 3; 344 (18): 1378-88

58. Reisinger K, Black S, Stoddard J. Optimizing protection
against meningococcal disease. Clin Pediatr (Phila) 2010;
49 (6): 586-97

59. Tan L, Carlone G, Borrow R. Advances in the development
of vaccines against Neisseria meningitidis. N Engl J Med
2010; 362 (16): 1511-20

60. TeyssouR,Muros-LeRouzic E.Meningitis epidemics inAfrica:
a brief overview. Vaccine 2007 Sep 3; 25 Suppl. 1: A3-7

61. Cohn AC, MacNeil JR, Harrison LH, et al. Changes in
Neisseria meningitidis disease epidemiology in the United
States, 1998-2007: implications for prevention of meningo-
coccal disease. Clin Infect Dis 2010 Jan 15; 50 (2): 184-91

62. Kriz P, Wieffer H, Holl K, et al. Changing epidemiology of
meningococcal disease in Europe from the mid-20th to the
early 21st Century. Expert RevVaccines 2011; 10 (10): 1477-86

63. Karve S, Misurski D, Miller J, et al. Long-term economic
and clinical burden of complicated invasive meningococcal
disease: evidence from a United States managed care pop-
ulation [abstract no. PIN13]. ISPOR 13th Annual Europ-
ean Congress; 2010 Nov 6-9; Prague

64. Davis KL, Misurski D, Miller J, et al. Cost impact of com-
plications in meningococcal disease: evidence from a Uni-
ted States managed care population. Hum Vaccin 2011
Apr; 7 (4): 458-65

65. Trotter C, Andrews N, Kaczmarski E, et al. Effectiveness of
meningococcal serogroup C conjugate vaccine four years
after introduction. Lancet 2004 Jul 24-30; 364 (9431): 365-7

66. Campbell H, Andrews N, Borrow R, et al. Updated post-
licensure surveillance of the meningococcal C conjugate
vaccine in England and Wales: effectiveness, validation of
serological correlates of protection, and modeling predic-
tions of the duration of herd immunity. Clin Vaccine Im-
munol May; 17 (5): 840-7

67. Trotter CL, Maiden MC. Meningococcal vaccines and herd
immunity: lessons learned from serogroup C conjugate
vaccination programs. Expert Rev Vaccines 2009 Jul; 8 (7):
851-61

68. Pfizer Limited. Meningitec: summary of product character-
istics [online]. Available from URL: http://www.medici
nes.org.uk/EMC/medicine/20747/SPC/Meningitec+in+pre-
filled+syringe/#INDICATIONS [Accessed 2012 Sep 27]

69. Meningitis vaccine project. Vaccine introduction strategy
[online]. Available fromURL: http://www.meningvax.org/
vaccine-introduction.php [Accessed 2012 Sep 27]

70. Centers for Disease Control and Prevention. Updated
recommendations for use of meningococcal conjugate va-
ccines: Advisory Committee on Immunization Practices
(ACIP), 2010. JAMA 2011 Apr 6; 305 (13): 1291-3

71. McVernon J, Nolan T, Richmond P, et al. A randomized
trial to assess safety and immunogenicity of alternative
formulations of a quadrivalent meningococcal (A, C, Y,
and W-135) tetanus protein conjugate vaccine in toddlers.
Pediatr Infect Dis J 2012; 31 (1): e15-23

72. Auckland C, Gray S, Borrow R, et al. Clinical and im-
munologic risk factors for meningococcal C conjugate
vaccine failure in the United Kingdom. J Infect Dis 2006
Dec 15; 194 (12): 1745-52

73. Gill CJ, Baxter R, Anemona A, et al. Persistence of immune
responses after a single dose of Novartis meningococcal
serogroup A, C,W-135 and Y CRM-197 conjugate vaccine
(Menveo�) or Menactra� among healthy adolescents.
Hum Vaccin 2010 Nov; 6 (11): 881-7

Correspondence: Sohita Dhillon, Adis, 41 Centorian Drive,
Private Bag 65901, Mairangi Bay, North Shore 0754, Auck-
land, New Zealand.
E-mail: demail@springer.com

2430 Croxtall & Dhillon

Adis ª 2012 Springer International Publishing AG. All rights reserved. Drugs 2012; 72 (18)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




