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ABSTRACT

The quadrivalent A, C, W and Y meningococcal
vaccine conjugated to nontoxic mutant of
diphtheria toxin (MenACWY-CRM) has been
licensed since 2010 for the prevention of inva-
sive meningococcal disease (IMD), an uncom-
mon but life-threatening condition. Here, we
summarize the experience accrued with
MenACWY-CRM during the first decade since
its licensure, by providing an overview of clin-
ical trials investigating the safety, immuno-
genicity and co-administration of MenACWY-
CRM with other vaccines as well as presenting
real-world evidence regarding the impact of
MenACWY-CRM vaccination on carriage and

IMD incidence. MenACWY-CRM has demon-
strated an acceptable clinical safety profile
across a wide range of age groups; no safety
concerns have been reported in special popula-
tions, such as immunocompromised infants
and toddlers, or pregnant women. MenACWY-
CRM has also been proven to be immunogenic
in various age groups and geographic settings,
and a booster dose has been shown to elicit
strong anamnestic responses in all studied
populations, irrespective of the vaccine used for
priming. With no clinically relevant vaccine
interactions reported, MenACWY-CRM is being
conveniently integrated into existing vaccina-
tion programs for various age and risk groups;
this possibility of co-administration helps
improving vaccine coverage and streamlining
the healthcare process of fighting pre-
ventable infectious diseases. Vaccination of
adolescents and adults has been proven to
reduce nasopharyngeal carriage for serogroups
C, W and Y, which is an important element in
reducing transmission. Real-world evidence
indicates that MenACWY-CRM can reduce IMD
incidence even in high-exposure groups. When
combined with vaccines against serogroup B
meningococci, MenACWY-CRM can offer pro-
tection against five of the most common ser-
ogroups responsible for IMD, which is an
important advantage in the continuously
evolving landscape of meningococcal serogroup
epidemiology.
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PLAIN LANGUAGE SUMMARY

Invasive meningococcal disease is an uncom-
mon but life-threatening infection that appears
as meningitis and/or sepsis. It is caused by
Neisseria meningitidis, a bacteria commonly pre-
sent in the throat or nose. Vaccination with
MenACWY-CRM (Menveo, GSK) helps to pre-
vent invasive meningococcal disease caused by
four of the most common N. meningitidis ser-
ogroups (A, C, W and Y). This vaccine has been
licensed for 10 years: we summarized here all
available evidence gathered since the vaccine
has been available in general practice, from
clinical development to real-world experience.
Information gained during clinical trials of
MenACWY-CRM confirms that vaccination is
well tolerated, has an acceptable safety profile
and would induce significant protection when
given to individuals of various ages such as
infants, toddlers, children, adolescents and
adults, and when administered at the same time
as routine or traveler vaccinations as well as
vaccines against serogroup B meningococci
(4CMenB). Vaccination with MenACWY-CRM
has been shown to decrease the number of ser-
ogroup C, W and Y meningococci found in the
nose and throat in adolescents and adults as
well as the occurrence of invasive meningo-
coccal disease in a high-exposure population
from a real-world setting. MenACWY-CRM can
conveniently be integrated into most of the
existing vaccination schedules for various age
and risk groups. When combined with vacci-
nation against serogroup B meningococci,
MenACWY-CRM can contribute to providing
protection against five of the most common
serogroups responsible for invasive meningo-
coccal disease.

Keywords: Carriage; Co-administration;
Immunogenicity; Invasive meningococcal
disease; MenACWY-CRM; Menveo;
Quadrivalent meningococcal conjugate
vaccine; Real-world evidence; Safety; Traveler
vaccine

Key Summary Points

The quadrivalent A, C, W and Y
meningococcal vaccine conjugated to
nontoxic mutant of diphtheria toxin
(MenACWY-CRM) has been licensed since
2010 for the prevention of invasive
meningococcal disease (IMD), an
uncommon but life-threatening
condition.

Reported evidence indicates that
MenACWY-CRM has demonstrated an
acceptable safety profile, has been proven
as immunogenic in a wide range of age
groups and in various geographic settings
and can reduce IMD incidence even in
high-exposure groups.

Since no clinically relevant interactions
were observed between MenACWY-CRM
and a broad selection of routine
immunizations, traveler vaccines and a
vaccine against meningococcal serogroup
B (4CMenB), this vaccine is being
conveniently integrated into existing
vaccination programs for various age and
risk groups.

Even though access to healthcare might be
challenging in many countries due to the
COVID-19 pandemic, guidance from the
World Health Organization recommends
countries to prioritize routine
immunization of children and urgent
catch-up vaccinations.

When co-administered with 4CMenB, a
vaccine against serogroup B
meningococci, MenACWY-CRM can
contribute to providing protection against
five of the most common serogroups
responsible for IMD, an important
advantage in the continuously evolving
landscape of meningococcal serogroup
epidemiology.
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DIGITAL FEATURES

This article is published with digital features,
including a plain language summary and video,
to facilitate understanding of the article. To
view digital features for this article go to https://
doi.org/10.6084/m9.figshare.14980980.

INTRODUCTION

Invasive meningococcal disease (IMD), caused
by Neisseria meningitidis, is an uncommon but
life-threatening and unpredictable disease that
can lead to death in 24 h [1–3]. Due to the
similarity of its early, non-specific symptoms to
those of viral illnesses, IMD can easily be mis-
diagnosed; even with timely and appropriate
intervention, the case fatality rate can reach up
to 20% [4] and a high proportion of IMD sur-
vivors may experience significant long-term
sequelae such as neurological impairment, sei-
zures, limb amputation or hearing loss [3].
Infants, young children, adolescents and/or
young adults, immunocompromised patients
and those with underlying medical conditions,
individuals living in crowded conditions (such
as students in college dormitories or military
recruits), travelers to endemic or epidemic
regions and laboratory personnel working with
N. meningitidis isolates are considered at an
increased risk for developing IMD [5–11].

Based on the capsular polysaccharide struc-
ture, N. meningitidis can be classified in 12 ser-
ogroups. Worldwide, six of these serogroups, A,
B, C, W, X and Y, are responsible for most IMD
cases [12, 13]. The distribution of the various
serogroups fluctuates and varies over time and
geographically [13–27] (Fig. 1).

Immunization with polysaccharide-protein
conjugated vaccines is an effective means to
prevent meningococcal disease caused by ser-
ogroups A, C, W and Y, while vaccines based on
subcapsular protein antigens can provide pro-
tection against serogroup B [12, 28]. Currently,
four quadrivalent meningococcal ACWY con-
jugate vaccines are licensed in various regions
worldwide. These vaccines differ in the protein
carrier to which the polysaccharide antigens are
conjugated: MenACWY-TT (Nimenrix, Pfizer and

the recently licensed MenQuadfi, Sanofi Pasteur)
uses tetanus toxoid (TT), MenACWY-DT (Men-
actra, Sanofi Pasteur) uses diphtheria toxoid
(DT), and MenACWY-CRM (Menveo, GSK) uses a
nontoxic mutant of diphtheria toxin (CRM197)
[29].

To provide a comprehensive overview of the
MenACWY-CRM clinical development and real-
world experience accrued during the first dec-
ade since its licensure, this review summarizes
evidence of the vaccine’s safety, immuno-
genicity, co-administration with other vaccines,
effect on carriage and real-world impact in a
broad range of populations (Fig. 2). This article
is based on previously conducted studies and
does not contain any new studies with human
participants or animals performed by any of the
authors.

MENACWY-CRM COMPOSITION,
DEVELOPMENT AND LICENSURE

MenACWY-CRM Composition

Each dose of MenACWY-CRM contains 10 lg of
serogroup A meningococcus (MenA) polysac-
charide and 5 lg of each of serogroup C, W and
Y meningococcus (MenC, MenW and MenY)
polysaccharides, individually conjugated to
Corynebacterium diphtheriae cross-reactive mate-
rial (CRM197), in an approximate dose of 47 lg
per vaccine. CRM197 is a mutant form of
diphtheria toxin that differs from the wild type
by a single amino acid (AA), AA 197 [30–32].

Before administration, the lyophilized MenA
component has to be reconstituted using the
liquid MenCWY component, contained in
0.5 ml of phosphate-buffered saline [31].

MenACWY-CRM Development

The development of purified capsular polysac-
charide-based vaccines in the 1970s [33] repre-
sented a major advance in the fight against IMD
at that time. However, the use of polysaccharide
vaccines was initially limited to controlling
epidemics and outbreaks of IMD, as they did
not induce immunological memory, the
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protection offered was short-lived and, with the
exception of MenA, they were poorly
immunogenic in infants and young children,
and they induced hyporesponsiveness
[28, 34–36].

The approach of conjugating the capsular
polysaccharide to an immunogenic carrier pro-
tein was first used for developing a vaccine
against Hemophilus influenzae type b [37, 38] and
has been successfully applied to other patho-
gens as well, including N. meningitidis. By
inducing a T-cell dependent immune response,
polysaccharide-protein conjugate vaccines are
highly immunogenic in infants, prime for
immunological memory that can be effectively
boosted without hyporesponsiveness and
interfere with N. meningitidis transmission by
decreasing carriage [1, 31, 34, 39]. The first
conjugated meningococcal vaccines were
developed against MenC [40]. The UK was the
first country to introduce a MenC conjugate
vaccine in its national immunization program
(NIP) in 1999, leading to a substantial decrease

of IMD caused by MenC as well as serogroup C
nasopharyngeal carriage, in a very short time
[41]. To further expand protection against IMD,
quadrivalent ACWY conjugate vaccines,
including MenACWY-CRM, were subsequently
developed.

Initial Licensure of MenACWY-CRM

MenACWY-CRM was first licensed in 2010 for
the active immunization against N. meningitidis
serogroups A, C, W and Y of individuals aged
between 11 and 55 years in the USA and Canada
and of individuals aged 11 years or older at risk
of exposure in the European Union (EU) [42].
Similarly to other meningococcal vaccines, evi-
dence of MenACWY-CRM efficacy for licensure
was provided based on serologic correlates of
protection [35, 43, 44]. Historically, the first
correlate of protection was established against
MenC by a serum bactericidal assay using
human complement (hSBA) and was defined as
an hSBA titer C 4 [5]. Subsequently, this titer

Fig. 1 Global distribution of Neisseria meningitidis
serogroups causing IMD. IMD Invasive meningococcal
disease, N number of typed isolates across all age groups,
A serogroup A meningococcus, B serogroup B meningo-
coccus, C serogroup C meningococcus, W serogroup W
meningococcus, Y serogroup Y meningococcus, O other

meningococcal serogroups and/or not groupable. *Ser-
ogroup A grouped with other meningococcal serogroups.
Serogroup distribution cannot directly be compared across
countries due to variability in surveillance systems.
Percentages may not add up to 100% because of rounding
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was accepted as a correlate of protection against
other serogroups [2, 45, 46]. In the clinical
development program of MenACWY-CRM, ser-
ogroup-specific anticapsular antibody hSBA
titers of C 8 are used as correlates of protection.

Distribution Footprint of MenACWY-CRM

In the decade since its first approval,
MenACWY-CRM has continued its clinical
development program and has been licensed in

over 60 countries [47], where over 58 million
doses have been distributed. Age indications for
MenACWY-CRM have also been expanded and
currently range from 2 years onwards in the EU,
between 2 months and 55 years in the USA and
from 2 months onwards in several other coun-
tries, such as Argentina, Brazil, Australia and
Saudi Arabia. Increasingly more countries have
introduced meningococcal vaccination pro-
grams over the past years. MenACWY-CRM is
the quadrivalent meningococcal vaccine
specifically included in the NIP for both infants

Fig. 2 Summary of the MenACWY-CRM experience
accrued during the first decade since its licensure. For more
details, see video file 1 in the online/HTML version of the
manuscript or follow the digital features link.
*MenACWY-CRM inadvertently administered within
28 days prior to conception or during pregnancy.
MenACWY-CRM is not indicated in pregnant women.
MenACWY-CRM quadrivalent meningococcal vaccine
against serogroups A, C, W and Y, conjugated to the
nontoxic mutant of diphtheria toxin, HAV hepatitis A
vaccine, HBV hepatitis B vaccine, Hib Haemophilus
influenzae type b vaccine, IPV inactivated poliomyelitis

vaccine, DTaP combined diphtheria, tetanus, acellular
pertussis, PCV7 7-valent pneumococcal conjugate vaccine,
PCV13 13-valent pneumococcal conjugate vaccine, Rota-
virus rotavirus vaccine, MMR measles-mumps-rubella
vaccine, V varicella vaccine, MMRV measles-mumps-
rubella-varicella vaccine, Tdap tetanus-diphtheria-acellular
pertussis vaccine, Td tetanus-diphtheria toxoid, HPV
human papillomavirus vaccine, MenB Neisseria meningi-
tidis serogroup B, 4CMenB multicomponent vaccine
against meningococcal serogroup B, IMD invasive
meningococcal disease
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and adolescents in Argentina [48] and for chil-
dren, adolescents and young adults in Switzer-
land [49].

SAFETY AND REACTOGENICITY

Within the last decade, the safety profile of
MenACWY-CRM has been assessed in clinical
trials and observational studies across all age
groups: healthy [50–59] or immunocompro-
mised infants and toddlers [7], children
[56, 58–66], adolescents and adults
[56, 59, 61–63, 67–72], including pregnant
women [73] and elderly individuals up to
75 years of age [61].

Since the initial licensure of MenACWY-
CRM, two studies assessing the safety of the
vaccine across all age groups have been con-
ducted. The first was a post-marketing study
involving 3920 individuals aged 2 months to
55 years who received MenACWY-CRM accord-
ing to local clinical practice in South Korea [56];
the other study analyzed 2614 reports of adverse
events (AEs) in MenACWY-CRM recipients
between 2010 and 2015, collected from the USA
Vaccine Adverse Event Reporting System
(VAERS) [59]. In the USA, different post-mar-
keting studies assessed the safety of MenACWY-
CRM in various age groups, including 138
infants with an indication for meningococcal
vaccination, 42% of whom had impaired
immunity (i.e., anatomic/functional asplenia or
DiGeorge syndrome) [7], 327 children aged 2–-
10 years [66], 48,899 adolescents and young
adults aged 11–21 years [74] and 92 women who
inadvertently received MenACWY-CRM during
pregnancy [73]. No major safety concerns were
identified in any of the investigated populations
and age groups. While a temporal association
was observed between the occurrence of Bell’s
palsy and receipt of MenACWY-CRM in the
11–21 years age group, the risk was significantly
higher only for those who received MenACWY-
CRM concomitantly with other vaccines. In this
case, co-administration represents a confound-
ing factor, considering that several of the co-
administered vaccines have facial palsy reported
as a potential AE in their labels [74]. These
results are also included in a systematic review

of post-licensure safety studies conducted in the
USA, the conclusions of which further support
the favorable safety profile of MenACWY-CRM
in a real-world setting [75].

Administration of MenACWY-CRM con-
comitantly with routine infant vaccines
[50–54, 76, 77], tetanus-diphtheria-containing
boosters in adolescents and adults [76, 78–80], a
quadrivalent human papilloma virus (HPV)
vaccine in adolescents [76], traveler vaccines
[81–83] and a multicomponent vaccine against
meningococcal serogroup B (4CMenB) in
infants [84] and high-exposure adults [11, 85]
was well tolerated and no safety concerns were
identified.

Overall, the most frequent solicited AEs
reported after MenACWY-CRM were tenderness
and irritability in infants and younger children
[7, 50, 51, 53–56, 58, 60–63, 65] and pain,
headache and myalgia in older children, ado-
lescents and adults [56, 60–64, 67–70, 72]. These
AEs, well known after any vaccine administra-
tion, were not severe and generally lasted for
one to two days, as reflected in the MenACWY-
CRM patient leaflet [86].

IMMUNOGENICITY

Immunogenicity of MenACWY-CRM has been
confirmed during the first decade post-licensure
across all age groups: infants and toddlers
[50–54, 57, 58, 87–89], children [58, 60–65],
adolescents and adults
[62, 63, 67–69, 72, 90–92], including older
adults up to 75 years of age [61]. In addition, a
booster dose of MenACWY-CRM induced strong
anamnestic responses [58, 64, 65, 68, 69, 72, 91]
(Fig. 3). Recently, it has been demonstrated that
MenACWY-CRM vaccination elicits protective
bactericidal titers against hypervirulent MenC
field strains that contributed to IMD outbreaks
in Italy [93].

Immunogenicity of Different Dosing
Schedules in Infants

Infants in their first year of life are a high-risk
group for IMD. One of the main purposes of
developing quadrivalent conjugate vaccines was
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to provide protection against IMD as early as
possible in this vulnerable population [53].

Immunogenicity of the four-dose
infant/toddler MenACWY-CRM schedule has
been well established, and immune responses
elicited by a three-dose schedule administered
at 2, 6 and 12 months [51] or at 2, 4 and
12 months [53] were found to be noninferior to
those of a four-dose schedule. In certain set-
tings, depending on the regional epidemiology
of IMD, a three-dose vaccination schedule that

allows for more flexibility, while potentially
reducing the number of vaccination visits, can
represent an alternative to the four-dose
schedule [53].

Antibody Persistence and Booster
Vaccination

Serogroup-specific bactericidal antibodies
induced by vaccination wane gradually over the

Fig. 3 Available evidence on the immunogenicity of
MenACWY-CRM in various populations and age groups
and the real-world impact of MenACWY-CRM vaccina-
tion, published during the first decade after its licensure.
*In children primed with MenACWY-CRM/MenC-
CRM. MenACWY-CRM quadrivalent meningococcal

vaccine against serogroups A, C, W and Y, conjugated to
a nontoxic mutant of diphtheria toxin, Td tetanus-
diphtheria toxoid, MenC-CRM monovalent meningococ-
cal vaccine against serogroup C, conjugated to a nontoxic
mutant of diphtheria toxin, IMD invasive meningococcal
disease
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first 5 years post-vaccination; this waning is less
marked following vaccination of adolescents
([11 years of age) compared to vaccination in
early childhood [64, 69]. A booster dose of
MenACWY-CRM induced robust immune
responses with high seroprotection rates,
regardless of whether it was administered 6–-
12 months or 5 years after priming, or whether
the children were primed in infancy (with a 3-
or 4-dose schedule) or in toddlerhood
[58, 64, 65, 87].

Teenagers represent another group at
increased risk for IMD. To ensure a protective
level of antibodies throughout the age groups at
higher risk of IMD, a booster dose of quadriva-
lent conjugate vaccine in adolescence is rec-
ommended in different countries, including the
USA [94] and the UK [95]. Given the country-
specific particularities of meningococcal vacci-
nation programs, several studies have explored
the use of a MenACWY-CRM booster dose in
adolescents primed with different mono- or
quadrivalent meningococcal conjugate vac-
cines. A MenACWY-CRM booster dose admin-
istered 3–6 years after vaccination with either
MenACWY-DT or MenACWY-CRM induced a
fast and robust anamnestic response, from as
early as 6 days [68, 72]; evidence has also been
generated for persistence of antibody titers fol-
lowing booster administration [96]. In MenC-
primed teenagers who received a booster dose of
MenACWY-CRM 13 years after primary vacci-
nation, boostability of the immune response
against serogroup C was demonstrated [91].

CO-ADMINISTRATION
OF MENACWY-CRM WITH OTHER
VACCINES

Co-administration with Routine
Childhood/Adolescent Vaccinations

Co-administration of vaccines targeting differ-
ent infectious agents has the benefit of reducing
the number of vaccination visits to a minimum,
thus facilitating the implementation of busy
infant vaccination schedules. Therefore, evi-
dence is needed to show that vaccines can be

administered during the same visit without any
significant negative impact on the safety and
immunogenicity of either vaccine [52].

In infants and toddlers, no clinically relevant
vaccine interactions and/or impact on vaccine
reactogenicity and safety were observed when
MenACWY-CRM was co-administered with
routine vaccines such as hepatitis A and B vac-
cines (HAV, HBV), combined diphtheria-te-
tanus-acellular pertussis vaccine (DTaP),
inactivated poliomyelitis vaccine (IPV), vacci-
nes against H. influenzae type b (Hib), combined
DTaP-IPV-HBV/Hib, 7- and 13-valent pneumo-
coccal conjugate vaccines (PCV7, PCV13),
measles-mumps-rubella (MMR), varicella
(V) and combined MMRV vaccines and rota-
virus vaccine [50–54, 76, 77] (Fig. 4).

Immunological interference may arise when
conjugated polysaccharide vaccines using TT,
DT and CRM as carrier proteins are adminis-
tered after tetanus-diphtheria-containing vac-
cines. This is thought to be the result of an
antigenic competition between the polysac-
charide and the carrier protein epitopes, result-
ing in an increased antibody response to the
carrier and a decreased response to the conju-
gated polysaccharides [97]. To explore whether
such interference also appears in the case of
MenACWY-CRM, studies designed to identify
whether immune responses against the four
vaccine serogroups are influenced by the con-
comitant or sequential administration of
MenACWY-CRM with tetanus-diphtheria-con-
taining vaccines have been conducted in ado-
lescents and adults. In Korean military recruits,
while administration of tetanus-diphtheria
toxoids (Td) 3 days before MenACWY-CRM led
to lower antibody levels against MenA and C,
seroprotection rates against MenC were not
significantly influenced [78], and the differ-
ences are not considered to be clinically rele-
vant. When co-administered with the tetanus-
diphtheria-acellular pertussis vaccine (Tdap), no
interference of immune responses against either
of the four meningococcal serogroups was
observed in adolescents and young adults [76].
Similarly, no clinically relevant vaccine inter-
actions or safety concerns were observed fol-
lowing concomitant administration of
MenACWY-CRM, Tdap and HPV vaccine in
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adolescents [76, 98, 99]. Co-administration of
MenACWY-CRM with Tdap and PCV13 induced
similar serogroup W-specific immune responses
and was well tolerated, regardless of prior,
concurrent or sequential administration of
Tdap in Australian adults [79, 80].

Based on these results that show no signifi-
cant interference of the immune responses
against the vaccine antigens after completion of
the vaccination course, concurrent administra-
tion of MenACWY-CRM and routine adolescent
and adult vaccines, such as tetanus-diphtheria-
containing vaccines, HPV vaccine and pneu-
mococcal vaccines, is generally considered as
both immunogenic and practical [76, 80, 100].

Co-administration with Traveler Vaccines

For travelers, concomitant administration of
multiple vaccines is essential for maximizing
protection against diseases within the often
limited timeframe available before the start of
travel. However, assessment of potential inter-
actions between vaccines is required before
routinely recommending co-administration
[76]. In adolescents or adults, co-administration
of MenACWY-CRM with several traveler vacci-
nes (including vaccines against typhoid fever,
yellow fever, Japanese encephalitis and rabies),
HAV, HBV or the combined HAV-HBV vaccines
did not interfere with the immunogenicity or
safety of the individual vaccines [81–83] (Fig. 4).

Fig. 4 Available evidence on the co-administration of
MenACWY-CRM with other vaccines. MenACWY-CRM
quadrivalent meningococcal vaccine against serogroups A,
C, W and Y, conjugated to the nontoxic mutant of
diphtheria toxin, DTaP combined diphtheria, pertussis
and tetanus vaccine, IPV inactivated poliomyelitis vaccine,
Hib Haemophilus influenzae type b vaccine, HBV hepatitis
B vaccine, HAV hepatitis A vaccine, PCV7 7-valent
pneumococcal conjugate vaccine, PCV13 13-valent

pneumococcal conjugate vaccine, MMR measles-mumps-
rubella vaccine, V varicella vaccine, MMRV measles-
mumps-rubella-varicella vaccine, Rotavirus rotavirus vac-
cine, Tdap tetanus-diphtheria-acellular pertussis vaccine,
Td tetanus-diphtheria toxoid, HPV human papillomavirus
vaccine, MenB Neisseria meningitidis serogroup B,
4CMenB multicomponent vaccine against meningococcal
serogroup B
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Co-administration with Vaccines Against
MenB

Development of 4CMenB, a vaccine against
meningococcal serogroup B, has broadened the
spectrum of vaccine-preventable IMD-causing
meningococcal serogroups. The first studies
assessing the sequential administration of a
three-dose schedule of 4CMenB, followed by
MenACWY-CRM after 1 month [85], and the
concomitant administration of MenACWY-
CRM with the first dose of 4CMenB [11] were
conducted in laboratory workers routinely
exposed to meningococcal isolates. Results of
these studies revealed no immunological inter-
ference between 4CMenB and MenACWY-CRM
and their co-administration also showed an
acceptable safety profile [11, 85].

Co-administration of quadrivalent and ser-
ogroup B meningococcal vaccines in infants has
the benefit of providing immunization against
five of the most prevalent meningococcal ser-
ogroups during the first year of life, when the
risk of IMD is the highest. Co-administration of
4CMenB and MenACWY-CRM at 3, 5, 7 and
13 months of age demonstrated an accept-
able safety profile, with no notable increase in
reactogenicity observed in participants who
received both vaccines compared to those who
received 4CMenB only; immune responses eli-
cited following co-administration were nonin-
ferior compared to those following separate
administration [84].

These data confirm that 4CMenB and
MenACWY-CRM are safe and immunogenic
with no interference when administered during
the same vaccination visit. This combination is
successful in inducing seroprotection in indi-
viduals who are at increased risk of IMD by
virtue of their young age or their occupation
(Fig. 4).

EFFECT OF MENACWY-CRM
ON CARRIAGE
AND TRANSMISSION

The rate of meningococcal carriage varies
among the different age groups in a population

and is strongly influenced by factors such as
living in crowded conditions (e.g., college dor-
mitories, military camps) or various social mix-
ing behaviors. In developed countries, carriage
rate peaks in adolescents and young adults,
while in developing countries, carriage appears
to be more common in early childhood and
adulthood, with carriage rates being more
evenly distributed across age groups [101, 102].
Since asymptomatic carriers are the main source
of transmission, reducing the nasopharyngeal
carriage of pathogenic meningococci has the
potential to significantly reduce transmission
[34].

Significant decreases in cross-sectional car-
riage rates of vaccine serogroups have been
previously documented following mass vacci-
nation with monovalent vaccines against MenC
and MenA in the UK and sub-Saharan Africa,
respectively [103–106]. To date, two studies
have evaluated the impact of MenACWY-CRM
vaccination on carriage. In students from the
UK aged between 18 and 24 years, administra-
tion of MenACWY-CRM resulted in a significant
decrease of 36% in MenC, W and Y carriage
rates during the 12 months after vaccination
[70]. In Poland, carriage rates for serogroups C,
W and Y were significantly lower in professional
soldiers (considered to be a high-exposure
group) who had been vaccinated with
MenACWY-CRM (1%) compared to their
unvaccinated counterparts (10%) [9].

REAL-WORLD EVIDENCE
OF MENACWY-CRM IMPACT

As IMD is an uncommon and life-threatening
disease, the efficacy of MenACWY-CRM could
not be assessed through randomized controlled
trial designs and its licensure relied on
immunological correlates of protection.
Accordingly, observational studies are the only
available method to assess the vaccine’s effect in
reducing the incidence and risk of IMD caused
by serogroups A, C, W and Y.

A recent study in a high-exposure group—
the Armed Forces in South Korea—showed a
reduction of 88% in meningococcal disease
incidence after 95% of soldiers (amounting to a
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population of 1624,000 person-years) were
vaccinated with MenACWY-CRM during a
4-year period [107]. No cases of IMD resulting
from serogroups A, C, W and Y, and no deaths
occurred during the study period, compared to
four deaths in the 5 years before vaccination
was implemented. No new safety signals were
detected, and the safety profile of the vaccine
matched the one observed in clinical trials. As
soldiers only stayed on duty for 2 years, the
duration of protection could only be demon-
strated for this follow-up period.

CONCLUSION

As more time passes since the introduction of
NIPs in an increasing number of countries, the
population-level effects of immunization are
becoming clearer. These effects contribute to
selecting the best approach for reducing IMD
incidence. While access to healthcare services
may currently be challenging in many countries
due to the COVID-19 pandemic, it is essential to
prioritize routine immunization, since high
vaccination rates help to ensure that no addi-
tional pressure is placed on the already over-
loaded healthcare systems; guidance from the
World Health Organization (WHO) also rec-
ommends countries to prioritize routine
immunization of children and urgent catchups.
Especially in the context of the increased con-
tact and socialization that will follow the lifting
of lockdowns and the reopening of schools,
accent should be placed on protecting children
and adolescents, two age groups who are at
increased risk of IMD. This is also important
since initial non-specific symptoms of IMD
might resemble those of COVID-19, potentially
preventing early diagnosis, which in the case of
IMD, is essential for a fast and appropriate
treatment.

With the continuously evolving epidemiol-
ogy of meningococcal serogroups responsible
for IMD, protection against the most common
N. meningitidis serogroups becomes crucial.
MenACWY-CRM can play an important role in
generating such a protection, with the added
benefit of being easily integrated into current
vaccination programs. Co-administration of

MenACWY-CRM with 4CMenB will help pro-
tect against five of the most common ser-
ogroups responsible for IMD, thus facilitating
the implementation of public health strategies
to fight this uncommon but life-threatening
disease.
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30. Bröker M, Dull PM, Rappuoli R, Costantino P.
Chemistry of a new investigational quadrivalent
meningococcal conjugate vaccine that is immuno-
genic at all ages. Vaccine. 2009;27:5574–80.

31. Pace D. MenACWY-CRM, a novel quadrivalent
glycoconjugate vaccine against Neisseria meningitidis
for the prevention of meningococcal infection. Curr
Opin Mol Ther. 2009;11:692–706.

32. Cooper B, DeTora L, Stoddard J. Menveo�: a novel
quadrivalent meningococcal CRM197 conjugate
vaccine against serogroups A, C, W-135 and Y.
Expert Rev Vaccines. 2011;10:21–33.

33. Gotschlich EC, Goldschneider I, Artenstein MS.
Human immunity to the meningococcus. IV.
Immunogenicity of group A and group C
meningococcal polysaccharides in human volun-
teers. J Exp Med. 1969;129:1367–84.

34. Trotter CL, Maiden MCJ. Meningococcal vaccines
and herd immunity: lessons learned from serogroup
C conjugate vaccination programs. Expert Rev
Vaccines. 2009;8:851–61.

35. Pace D. Quadrivalent meningococcal ACYW-135
glycoconjugate vaccine for broader protection from
infancy. Expert Rev Vaccines. 2009;8:529–42.

36. Pace D, Pollard AJ. Meningococcal A, C, Y and
W-135 polysaccharide-protein conjugate vaccines.
Arch Dis Child. 2007;92:909–15.

37. Ward J, Berkowitz C, Pescetti J, Burkart K, Samuel-
son O, Gordon L. Enhanced immunogenicity in
young infants of a new Haemophilus influenzae type
b (Hib) capsular polysaccharide(PRP)-diphtheria

Infect Dis Ther (2022) 11:639–655 651

https://www.nicd.ac.za/wp-content/uploads/2018/08/GERMS-SA-AR-2017-final.pdf
https://www.nicd.ac.za/wp-content/uploads/2018/08/GERMS-SA-AR-2017-final.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/5FEABC4B495BDEC1CA25807D001327FA/$File/1Oct-31Dec19-qrt3-IMD.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/5FEABC4B495BDEC1CA25807D001327FA/$File/1Oct-31Dec19-qrt3-IMD.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/5FEABC4B495BDEC1CA25807D001327FA/$File/1Oct-31Dec19-qrt3-IMD.pdf
https://www1.health.gov.au/internet/main/publishing.nsf/Content/5FEABC4B495BDEC1CA25807D001327FA/$File/1Oct-31Dec19-qrt3-IMD.pdf
https://surv.esr.cri.nz/PDF_surveillance/MeningococcalDisease/2018/MeningococcalDisease_wk512018-wk12019.pdf
https://surv.esr.cri.nz/PDF_surveillance/MeningococcalDisease/2018/MeningococcalDisease_wk512018-wk12019.pdf
https://surv.esr.cri.nz/PDF_surveillance/MeningococcalDisease/2018/MeningococcalDisease_wk512018-wk12019.pdf
https://www.cdc.gov/meningococcal/downloads/NCIRD-EMS-Report-2017.pdf
https://www.cdc.gov/meningococcal/downloads/NCIRD-EMS-Report-2017.pdf
https://www.cdc.gov/meningococcal/downloads/NCIRD-EMS-Report-2017.pdf
http://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52-2019%20v2.pdf
http://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52-2019%20v2.pdf
http://www.ispch.cl/sites/default/files/Informe%20Neisseria%20meningitidis%20%20SE%201-52-2019%20v2.pdf
https://www.ecdc.europa.eu/en/publications-data/invasive-meningococcal-disease-annual-epidemiological-report-2017
https://www.ecdc.europa.eu/en/publications-data/invasive-meningococcal-disease-annual-epidemiological-report-2017
https://www.ecdc.europa.eu/en/publications-data/invasive-meningococcal-disease-annual-epidemiological-report-2017
https://www.who.int/wer/2016/wer9116.pdf?ua=1
https://www.who.int/wer/2016/wer9116.pdf?ua=1
https://www.niid.go.jp/niid/en/iasr-vol39-e/7803-idx455-e.html
https://www.niid.go.jp/niid/en/iasr-vol39-e/7803-idx455-e.html
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/cnv/meninbr.def
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/cnv/meninbr.def
http://antimicrobianos.com.ar/ATB/wp-content/uploads/2019/03/Tablas-SIREVA-II-Nm-2018.pdf
http://antimicrobianos.com.ar/ATB/wp-content/uploads/2019/03/Tablas-SIREVA-II-Nm-2018.pdf
http://antimicrobianos.com.ar/ATB/wp-content/uploads/2019/03/Tablas-SIREVA-II-Nm-2018.pdf
https://www.ins.gov.co/buscador-eventos/Informacin%20de%20laboratorio/Vigilancia-por-laboratorio-N-meningitidis-2010-2019.pdf
https://www.ins.gov.co/buscador-eventos/Informacin%20de%20laboratorio/Vigilancia-por-laboratorio-N-meningitidis-2010-2019.pdf
https://www.ins.gov.co/buscador-eventos/Informacin%20de%20laboratorio/Vigilancia-por-laboratorio-N-meningitidis-2010-2019.pdf
https://www.ins.gov.co/buscador-eventos/Informacin%20de%20laboratorio/Vigilancia-por-laboratorio-N-meningitidis-2010-2019.pdf


toxoid(D) conjugate vaccine. Pediatr Res. 1984;18:
287.

38. Morris SK, Moss WJ, Halsey N. Haemophilus
influenzae type b conjugate vaccine use and effec-
tiveness. Lancet Infect Dis. 2008;8:435–43.

39. Goldblatt D. Conjugate vaccines. Clin Exp Immu-
nol. 2000;119:1–3.

40. Beuvery EC, Miedema F, van Delft RW, Haverkamp
J, Tiesjema RH, Nagel J. Vaccine potential of
meningococcal group C polysaccharide-tetanus
toxoid conjugate. J Infect. 1983;6:247–55.

41. Balmer P, Borrow R, Miller E. Impact of meningo-
coccal C conjugate vaccine in the UK. J Med
Microbiol. 2002;51:717–22.

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

43. Plotkin SA. Immunologic correlates of protection
induced by vaccination. Pediatr Infect Dis J.
2001;20:63–75.

44. Borrow R, Taha MK, Giuliani MM, Pizza M, Banzh-
off A, Bekkat-Berkani R. Methods to evaluate ser-
ogroup B meningococcal vaccines: From
predictions to real-world evidence. J Infect.
2020;81:862–72.

45. Frasch CE, Borrow R, Donnelly J. Bactericidal anti-
body is the immunologic surrogate of protection
against meningococcal disease. Vaccine.
2009;27(Suppl 2):B112–6.

46. Maslanka SE, Gheesling LL, Libutti DE, et al. Stan-
dardization and a multilaboratory comparison of
Neisseria meningitidis serogroup A and C serum
bactericidal assays. The Multilaboratory Study
Group. Clin Diagn Lab Immunol. 1997;4:156–67.

47. Luo W, Arkwright PD, Borrow R. Antibody persis-
tence following meningococcal ACWY conjugate
vaccine licensed in the European Union by age
group and vaccine. Expert Rev Vaccines. 2020;19:
745–54.

48. Cepem. Información sobre Vacunas - meningococo
[Information about vaccines - meningococcal].
[Accessed on Apr 08, 2021]. https://www.cepem.
com.ar/doku/doku.php?id=meningococo.
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