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s u m m a r y
Objectives: Invasive meningococcal disease (IMD) is a life-threatening disease that can rapidly progress
to death or leave survivors with severe, life-long sequelae. Five meningococcal serogroups (A, B, C, W
and Y) account for nearly all IMD. Meningococcal serogroup distribution ﬂuctuates over time across
the world and age groups. Here, we consider the potential public health impact of a pentavalent
MenABCWY vaccine developed to help further control meningococcal disease and improve immunisation
rates.
Results: The GSK MenABCWY vaccine combines the antigenic components of MenACWY-CRM (Menveo®)
and 4CMenB (Bexsero®), building on a wide body of clinical experience and real-world evidence. Both
approved vaccines have acceptable safety proﬁles, demonstrate immunogenicity, and are broadly used,
including in national immunisation programmes in several countries. Since the advent of quadrivalent
vaccines, public health in relation to IMD has improved, with a decline in the overall incidence of IMD
and an increase in vaccine coverage.
Conclusion: A pentavalent MenABCWY has the potential to provide further public health beneﬁts through
practical, broad IMD protection programmes encompassing serogroups A, B, C, W and Y, and is currently
in late-stage development.
© 2022 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction
Systemic infection with gram-negative diplococcus Neisseria
meningitidis (N. meningitidis) leads to serious, life-threatening conditions in humans, manifesting as meningitis, bacteraemia, bacteremic pneumonia and sepsis.1 , 2 Invasive meningococcal disease (IMD) can be devastating: N. meningitidis infection develops rapidly, with early, non-speciﬁc symptoms that can rapidly
progress to fulminant disease and lead to death within 24–48 h of
onset;2 overall case fatality rates range from 4 to 20% (overall rate
8%) depending on age, serogroup, and country,3 and long-term se-
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quelae occurs in 11–19% of survivors.4 Individuals susceptible to N.
meningitidis infection tend to be otherwise healthy infants, young
children, adolescents and young adults.1 IMD is an uncommon disease but there are an estimated 1.2 million cases annually globally,
with 135,0 0 0 IMD-related deaths.5 A World Health Organization
(WHO)-led initiative encompassing a multi-organisational partnership is currently underway, and aims to ‘defeat’ meningitis by the
Year 2030.6
N. meningitidis is subdivided into serogroups based on distinct
capsular polysaccharides,1 , 2 six of which (A, B, C, W, X and Y)
cause the majority of IMD cases worldwide.5 However, the epidemiology of IMD is unpredictable and dynamic, varying over time
and by age and geographical location.4 Vaccines have been developed that have demonstrated effectiveness in preventing IMD
in susceptible populations. In particular, development of conjugate vaccines, which comprise carrier proteins covalently linked
to bacterial capsular polysaccharides, has resulted in vaccines bet-
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Fig. 1. Current evidence on the effect of 4CMenB on IMD caused by meningococcal serogroups and on gonorrhoea. Summary of properties,2,102 licensure/recommendations for
use,14,15,27,36,48–51,103–108 evidence from clinical development,65,66 and real-world studies.48,58,60,62,67,109–112 ACIP, US Advisory Committee on Immunization Practices; AE, adverse
event; CDC, Centers for Disease Control and Prevention; fHbp, factor H binding protein; IMD, invasive meningococcal disease; NadA, Neisseria adhesin A; NHBA, Neisseria
heparin binding antigen; OMV, outer membrane vesicle; RCT, randomised controlled trial; RWE, real-world evidence; y, year; SCDM, shared clinical decision-making; VE,
vaccine effectiveness.

ter able to induce immune responses in infants and children than
vaccines composed of puriﬁed polysaccharides.7 Initially, monovalent meningococcal vaccines were developed to prevent disease
caused by a single serogroup, but the expansion and/or persistence of serogroups not covered by these vaccines and the resulting changes in epidemiology have led to the need for vaccines with
broader serogroup coverage.8–10
Several MenACWY conjugate vaccines are available and used in
national immunisation programmes (NIPs) in countries worldwide
to control outbreaks.11–13 Development of a serogroup B (MenB)
vaccine has been more challenging, but two MenB vaccines are
now also available: outer membrane vesicle (OMV)-based 4CMenB
(Bexsero®, GSK)14 , 15 and lipidated MenB-factor H binding protein (FHbp) (Trumenba®, Pﬁzer).16 , 17 In this article, we examine
the current public health role of the available meningococcal vaccines against serogroups A, B, C, W and Y, and evaluate the potential advantages of using a pentavalent vaccine that combines
components of two approved vaccines that have demonstrated
both clinical trial and real-world safety, effectiveness and public
health impact. The GSK candidate pentavalent meningococcal vaccine (MenABCWY) comprises the key components of the 4CMenB
vaccine (Fig. 1) and the MenACWY-CRM vaccine (Menveo®, GSK;
Fig. 2), and is currently in late-stage development. The MenABCWY
vaccine will provide coverage for the ﬁve most common diseasecausing serogroups (A, B, C, W and Y) and is currently being evaluated in a large, randomised, controlled, phase 3 immunogenicity
study.18 In this review, we highlight the scientiﬁc advances and potential public health value for this next-generation meningococcal
vaccine, building on a wealth of clinical experience and real-world
evidence.

Impact of the introduction of MenACWY quadrivalent vaccines
on public health
Monovalent MenC vaccines have been licensed for use in the
European Union (EU) since 1999,2 and countries implementing
MenC conjugate vaccine programmes have seen a substantial decline in the incidence of MenC disease.19 As with MenC conjugate vaccines, the incidence of MenA IMD in Africa decreased after implementation of a monovalent MenA mass vaccination programme.20 , 21 Overall, conjugate vaccination programmes have had
a dramatic impact on the incidence of MenA and Men C disease;
however, this progress in controlling the global burden of IMD has
coincided with shifts in serogroup epidemiology over time, including increased relative prevalence of IMD attributable to serogroup
W in some regions.12 , 22 In some countries, including the UK, there
has been a rapid increase in IMD due to MenW sequence type 11
clonal complex associated with severe invasive disease, as a result of the rapid expansion of this hyper-virulent strain.13 In addition, serogroup X cases have emerged in sub-Saharan Africa, with
sporadic cases also described in developed (EU) countries.23–25 Although protein antigens in serogroup B vaccines are shared among
serogroup B and non-B strains, and broad bactericidal antibody responses against African serogroup strains such as X have been reported with a native outer membrane vesicle FHbp vaccine,26 there
remains a clear need for protective coverage across a wider range
of serogroups, and in many countries, quadrivalent vaccines have
replaced, or been added to, previous MenC (or MenA in African
countries) NIPs to cover A, C, W and Y serogroups to better control
IMD.12
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Fig. 2. Current evidence on the effect of MenACWY-CRM on IMD caused by different meningococcal serogroups. Summary of properties,32 licensure/recommendations for
use,2,22,27,32,33,36,37,47 evidence from clinical development,22,113,114 and real-world studies.22,38,39,41,115 ACIP, US Advisory Committee on Immunization Practices; AE, adverse event;
CRM, cross-reactive material; HIV, human immunodeﬁciency virus; IMD, invasive meningococcal disease; IRR, incidence ratio rate; NIP, national immunisation programme;
OMV, outer membrane vesicle; PMSS, post-marketing safety surveillance; RCT, randomised controlled trial; RWE, real-world evidence.

MenACWY vaccines, including MenACWY-D.40 Evidence from large
post-marketing observational studies support a favourable beneﬁt–
risk proﬁle that has been established after a decade of use, including carriage reduction and effectiveness in reducing IMD incidence (Fig. 2).39 A large study in a high-exposure group in the Republic of Korea (South Korea) Armed Forces, wherein meningococcal infections have consistently occurred, has provided robust evidence on the effectiveness of single-dose MenACWY-CRM in preventing meningococcal disease.41 An analysis of data from more
than 1.5 million soldiers observed for 19–23 months showed that
routine vaccination was associated with an 88% reduction in the
incidence of meningococcal disease in all serogroups after a single
dose.2 , 41 In this study, there were no cases of IMD resulting from
serogroups A, C, W and Y, and no deaths during the study period,
compared with four deaths in the 5 years before vaccination was
implemented. Two cases of IMD were identiﬁed after implementation of the vaccination programme, and these were identiﬁed as
serogroup B and X. As soldiers remained on duty for a maximum
of 2 years, duration of protection could only be demonstrated for
a 19–23-month follow-up period.41

Currently available quadrivalent conjugate vaccines are
MenACWY-D (Menactra®; approved in 2005 – the ﬁrst licensed
vaccine of this type), MenACWY-CRM (Menveo; approved in 2010),
and two MenACWY-TT vaccines (Nimenrix®, approved in 2012 and
MenQuadﬁ®, approved in 2020).2 , 27 Since the implementation in
the US of a recommendation of the Advisory Committee on Immunisation Practices (ACIP) to vaccinate adolescents aged 11–18 years
with a MenACWY vaccine, the annual incidence of meningococcal
disease decreased by 71% between 2006 and 2015.28 A decline
in the incidence of serogroups B, C and Y was observed between
1996 and 2015, while the incidence of serogroup W and other
serogroups remained stable.28 In the 11–15 years age group, the
average annual incidence of IMD due to serogroups C, W and Y
decreased by 67% after the introduction of a MenACWY-D primary
dose over the period 2006–2010, and decreased by 89% during the
period 2011–2017 after the introduction of MenACWY-CRM.29 In
addition, following an ACIP recommendation in 2010 to administer
a booster dose to individuals aged 16 years, a 77% reduction in
incidence of serogroup CWY IMD was seen in the 16–22 years
age group between 2011 and 2017.29 The overall impact of the
introduction of the various MenACWY vaccines over time, as
demonstrated by a decrease in incidence rates (all ages) for all
serogroups of IMD (20 0 0–2018),30 together with increased vaccination coverage for MenACWY in adolescents (13–17 years of age)
in the US (2008–2019),31 is shown in Fig. 3.
The MenACWY-CRM vaccine is currently approved in the US
and several other countries in persons aged 2 months to 55
years,2 , 27 , 32 and in the EU in persons aged ≥2 years.2 , 22 , 33 A total
of 72.9 million doses have been distributed since 2010 (GSK data
on ﬁle). Several countries have integrated MenACWY-CRM into
their NIPs for use in infants and children, including Argentina,34
and the Netherlands11 (Fig. 2), and for use in adolescents in some
countries (e.g. the US,35 UK,36 Argentina34 and Switzerland37 ).
MenACWY-CRM has an acceptable safety proﬁle in infants, children
and adolescents/adults,22 , 38 , 39 which is similar to that of other

Impact of the introduction of MenB (Bexsero) vaccine on public
health
The ﬁrst four-component MenB vaccine, 4CMenB, was licensed
in the EU, Australia and Canada in 2013 in individuals ≥2 months
of age (administered in a 2 + 1 or 3 + 1 [infants aged 2–5 months]
schedule [EU]14 or as a single dose [Australia and Canada]42 , 43 ) and
by the US Food and Drug Administration (FDA) in 2015 in individuals 10–25 years of age (in a two-dose schedule,15 ) and it is now
approved in more than 40 countries worldwide (Fig. 1).44 4CMenB
is the only MenB vaccine used in infants in the EU and other countries.14 , 15 , 44 A total of 76.2 million doses have been distributed
between 2015 and 2021 (GSK data on ﬁle). Since serogroup B
meningococcal disease is uncommon, the eﬃcacy of 4CMenB could
483
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Fig. 3. Vaccination coverage for MenACWY in adolescents (13–17 years old) in the US (2008–2019) and incidence rates for all serogroups of IMD (20 0 0–2018)30 , 31 , 82 ∗ National
Interview Survey–Teen implemented a new deﬁnition of adequate provider data: data for 2013 and beyond are not directly comparable with data for earlier years. †CDC
coverage data missing for 2009. CDC, Centers for Disease Control; FDA, US Food and Drug Administration; IMD, invasive meningococcal disease.

not be assessed in clinical trials.45 Instead, 4CMenB has been registered based on the protective immunogenicity and predicted coverage of circulating MenB strains, with the expectation that evidence of effectiveness would be gained after licensure. Common
methods of predicting strain coverage (e.g. assays using human
complement serum bactericidal antibody [hSBA] and meningococcal antigen typing system [MATS]) require cultured isolates,
which are not always available.45 Genomic approaches, such as
the genetic MATS45 and the Meningococcal Deduced Vaccine Antigen Reactivity (MenDeVAR) Index,46 provide alternative techniques
for estimating MenB strain coverage. However, real-world effectiveness data are required to conﬁrm the predictions generated.
Routine immunisation with MenB vaccine has been implemented
in NIPs in the UK, Ireland, Italy (including San Marino), Lithuania, Malta, Czech Republic, Portugal and Andorra.47 , 48 In 2018 a
MenB programme was implemented in South Australia for children aged 6 weeks to 12 months (3 dose series) and Year 10 students (aged 15 or 16; 2 doses).49 From July 2020, 4CMenB was
also implemented for Aboriginal and Torres Strait Islander infants
less than 2 years of age due to the higher burden of disease
in this group.49 In addition, regional immunisation programmes
were introduced in the Canary Islands and Castilla y León, Spain,50
and a Haute Autorité de Santé (HAS) initiative recommended a

4CMenB vaccination strategy for all infants (up to 4 years of age) in
France.51
Although 4CMenB strain coverage is not absolute, and MATSpredicted coverage of 66% was reported in a 2014–2015 UK
study,52 large-scale observational studies have conﬁrmed the impact and effectiveness of 4CMenB, with substantial reductions seen
in MenB IMD in children during the ﬁrst 3 years of the programme, including in the UK, which was the ﬁrst country to provide 4CMenB through a publicly funded NIP for infants (Fig. 1).53 , 54
Consistent results were seen in an Italian retrospective, observational analysis in which vaccine effectiveness was estimated to be
93.6% (95% CI: 55.4, 99.1) in Tuscany and 91.0% (95% CI: 59.9, 97.9)
in Veneto,55 and in a case-control study in Portugal, vaccine effectiveness against MenB IMD was 79% (95% CI: 45, 92) in fully vaccinated children, and 82% (95% CI: 56, 92) in infants who received
at least one dose.56 In addition, real-world evidence from Quebec,
Canada, showed that mass vaccination with 4CMenB, introduced
due to a high rate of MenB IMD from 2006 to 2013, provided a
high level of protection against MenB IMD in children and adolescents.57 Vaccine effectiveness estimates across different healthcare
settings and study designs in these and other regions ranged from
59% to 100% in infants and from 50% to 100% in children and adolescents.48
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In addition to the beneﬁts associated with prevention of
serogroup B IMD, a consistent body of evidence has now emerged
suggesting that Neisseria meningitidis-derived OMV vaccines (e.g.
4CMenB and MeNZB) could have a cross-protective effect on gonorrhoea infections due to the genetic similarities between N. meningitidis and Neisseria gonorrhoeae (N. gonorrhoeae; 80–90% genetic
homology in primary sequences).58 Of the four main antigenic
components of 4CMenB (fHbp, Neisserial heparin-binding antigen
[NHBA], Neisseria adhesin A and OMV), surface-expressed NHBA is
believed to be the only recombinant antigen of 4CMenB that may
be responsible for the observed N. gonorrhoeae cross-reactivity.58
Untreated gonorrhoea can lead to pelvic inﬂammatory disease,
tubal scarring and infertility, and may be related to an increased
risk of acquiring and transmitting HIV.59 There are an estimated
78 million new cases of gonorrhoea annually worldwide, and an
estimated 2300 deaths and 467,700–974,900 (depending on region) lost disability-adjusted life years resulting from morbidity
due to the disease.59 Thus, gonococcal vaccination is considered an
important goal for global public health. Ecological data ﬁrst suggested a potential cross-protective effect of meningococcal OMVbased vaccines on N. gonorrhoeae infection.58 , 60 , 61 An observational
impact study was performed in the Saguenay-Lac-Saint-Jean region
of Canada to assess reduction in N. gonorrhoeae cases post-4CMenB
introduction.60 During the 3 years post vaccination, the number
of N. gonorrhoeae cases decreased in vaccinated individuals (14–20
years of age) and increased in the unvaccinated cohorts (>21 years
of age), leading to an estimated 59% (95% CI: –22, 84; p = 0.1)
risk reduction in N. gonorrhoeae disease in those who had received
4CMenB.60 A retrospective case-control study was conducted in
New York City and Philadelphia, examining 4CMenB vaccination
history in individuals aged 16–23 years across 18,099 cases (N. gonorrhoeae infections) and 124,876 controls (chlamydia trachomatis
infections).62 The results indicated that complete vaccination series
was 40% (95% CI: 23, 53) effective against N. gonorrhoeae, after adjusting for gender, race and jurisdiction, while partial vaccination
series was 26% (95% CI: 12, 37) effective.62 An observational cohort
and case-control study on the effectiveness and impact of 4CMenB
was carried out 2 years after implementation of a vaccination programme in South Australia.63 In this study, moderate effectiveness
was demonstrated against gonorrhoea among 53,356 adolescents
and young adults who received at least one dose and 46,083 who
received two doses of 4CMenB, with an estimated two-dose vaccine effectiveness of 32.7% (95% CI: 8.3, 50.6) based on a casecontrol method and age-matched control individuals with chlamydia infection.63 In a sensitivity analysis that excluded co-infection
with chlamydia during the ﬁrst or recurrent episodes, vaccine effectiveness was 34.7% (95% CI: 5.5, 54.9) for 2 doses compared
with unvaccinated individuals.63 The potential public health impact
of vaccination with MenB in men who have sex with men (MSM)
has been demonstrated by integrated transmission-dynamic heatheconomic modelling.64 This model of the public health impact and
cost effectiveness of gonorrhoea vaccination in England indicated
that inclusion of 4CMenB in a programme of vaccination according to risk could avert over 110,0 0 0 cases of gonorrhoea over 10
years in the MSM population, with substantial consequent savings
in overall public health costs.64
The safety proﬁle of 4CMenB has been consistent across clinical
trials and is acceptable despite its association with a higher incidence of fever in infants under 6 months of age, which is increased
if 4CMenB is co-administered with other routine vaccinations.65 , 66
After 4CMenB was introduced in the UK, a prospective surveillance study was conducted from September 2015 to May 2017 during which approximately 1.29 million infants and children received
around 3 million doses of 4CMenB. In this study, no signiﬁcant
safety concerns were identiﬁed, and the vaccine was well accepted
by parents and caregivers.67 An increased awareness of potential

reactogenicity and the use of prophylactic paracetamol are likely to
have assisted in the clinical management and acceptance of transient reactogenicity. Overall, the safety proﬁle of 4CMenB has been
consistent with pre-licensure clinical trial data across real-world
settings.
Current recommendations and prevalent practices for
meningococcal vaccination in NIPs
In the US, ACIP (a committee within the CDC) recommends routine MenACWY vaccination in all adolescents aged 11–12 years,
with a booster dose administered at age 16 years (introduced in
2010).1 ACIP also recommends routine vaccination in persons aged
≥2 years who are at increased risk of meningococcal disease and
in at-risk groups to control outbreaks.1 In Europe, recommendations for quadrivalent vaccination vary by country. Some countries
(e.g. Greece, Malta, the Netherlands) recommend administering a
quadrivalent vaccine in children <2 years of age, whereas adolescents aged 11 years onwards may be targeted in other countries
(e.g. Austria, Ireland, Italy, Spain and the UK).36 , 47
In the US, 4CMenB is approved for individuals aged 10–25 years
as a two-dose series administered ≥1 month apart.15 , 68 The bivalent, recombinant, protein-based MenB-FHbp vaccine was approved in the US and EU in 2014 in the same age group (as a twoor three-dose series).16 , 17 ACIP recommends routine use of MenB
vaccines in individuals aged ≥10 years who are at increased risk of
serogroup B IMD.27 In addition a MenB series is recommended for
adolescents and adults aged 16–23 years (preferably 16–18 years)
on the basis of shared clinical decision-making (referring to individually based vaccine recommendation informed by a decisionmaking process between the healthcare provider and the patient
or parent/guardian).27
Despite widespread approvals and recommendations of quadrivalent and 4CMenB vaccines, as well as a positive impact on the
incidence of MenB IMD, a number of factors may contribute to
suboptimal vaccination levels, including diverse NIP immunisation
schedules across regions.69–72 These differences are perpetuated
by varied access to vaccination programmes; in addition, although
healthcare professionals may proactively discuss MenB vaccination
with patients when adequately informed, others will only reactively discuss vaccination if the parent or patient initiates discussion, leading to a lack of awareness on the beneﬁts of vaccination in many cases.69–72 This potential lack of communication
could contribute to suboptimal vaccination rates, despite evidence
that parents are open to this discussion – one study surveying
parents of teens reported that of the 445 parents, approximately
80% would like their healthcare provider to provide more information on MenB and MenACWY vaccines.69 In addition, there are
imbalances in MenACWY/MenB vaccination mandates for adolescents within the US. School or college entry requirements in the US
usually include MenACWY; however, currently MenB is not a universal requirement, although this is also widely becoming mandatory.69 , 73 The availability of a combined vaccine would potentially
remove the need for discussions on individual serogroup protection by focussing on the beneﬁt of combined protection from the
outset.
A retrospective health insurance claims analysis of vaccine series completion and adherence to dosing schedule in 16–23 year
olds in the US from 2017 to 2018 (N=213,162) showed that, although MenB vaccine series completion was suboptimal regardless
of vaccine type, series completion was signiﬁcantly higher for the
4CMenB than the MenB-FHbp vaccine (48–61% vs 34–50%, respectively; p < 0.001).74 An earlier analysis also showed that there was
an improved adherence to dosing schedule for 4CMenB vs MenBFHbp (48–62% vs 8–18%, respectively; p < 0.0 0 01) and shorter
completion time.75 This study reported that the more ﬂexible dos485
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ing schedule of 4CMenB, versus MenB-FHbp, may be a factor in
the observed differences in time to completion, and underlines
the importance of a simpliﬁed vaccination schedule.75 In addition,
this study highlighted the need to optimise protection by ensuring
vaccine completion (multi-dose vaccination completion rates range
from 27% to >90%76 ), and rates of completion were similar to those
seen with other vaccines in older (up to 19 years) adolescents. Further evidence in favour of combined vaccines and associated simpliﬁed schedules/visits is provided by additional studies that show
accelerated HBV vaccination schedules and shorter time between
visits can be signiﬁcant predictors of improved completion rates in
high-risk attendees (although rates were still below 50%).77 Thus,
combination meningococcal vaccine strategies may contribute to
improved meningococcal vaccination rates. Modelling the impact
of combined 4CMenB and MenACWY vaccination strategies on IMD
in England allowed for evaluation of several scenarios to identify
the best combination vaccine strategy.78 The model showed that
a 4CMenB programme in infants is an essential building block in
IMD vaccination to achieve comprehensive coverage. Inclusion of
an adolescent 4CMenB vaccination to the current English strategy (the infant 4CMenB and adolescent MenACWY programme) resulted in the greatest level of protection.78 However, although this
schedule clearly provides an overall reduction in IMD worldwide
by targeting the ﬁve most prevalent serogroups, it requires additional injections.

from 2008 onwards, which further increased and was maintained
after the introduction of MenACWY-CRM in 2010 (Fig. 3).31 , 82 During this period, coverage of other routine vaccines in this age group
was either stable or also increased,31 , 82 including vaccines requiring multiple doses, such as human papillomavirus and measles,
mumps and rubella (MMR) vaccines; this was in line with published data showing an association between completion of these
vaccinations and meningococcal vaccination completion and compliance.83 Importantly, by 2018 MenACWY coverage in the US had
reached 86.6% for ≥1 dose and 50.8% for ≥2 doses in adolescents
aged 13–17 years across most ethnicities and all levels of socioeconomic status,84 both of which may be factors associated with
vaccination education/awareness, access, utilisation and completion rates.76 , 85 Thus, coverage may be improved through simpliﬁed
combination vaccination schedules that improve access and reduce
existing confusion over serogroup variation.70 , 85 , 86 Despite coverage afforded by quadrivalent vaccines, serogroups A, B, C, W and Y
remain prevalent and are responsible for most cases of meningococcal disease, with predominant serogroups varying across countries and regions.5 However, in the US, in contrast to MenACWY,
only 17.2% of persons aged 17 years received ≥1 dose of MenB,
and less than half completed the two-dose vaccination series.85
Data from the National Immunization Survey-Teen showed that, in
2019, 88.9% of adolescents received at least one dose of MenACWY
vaccine, 53.7% of those aged 17 years received the booster dose,
while only 21.8% of adolescents received at least one dose of MenB
vaccine.87 Although these data represent increases from 2018, a
signiﬁcant proportion of the population remain unprotected from
serogroup B IMD.88 A survey of Student Health Centre (SHC) administrators showed that a greater emphasis was placed on MenACWY vaccine coverage than MenB vaccine coverage among college students.88 Of note, signiﬁcantly more colleges required all
students to receive the MenACWY vaccine than the MenB vaccine
(53.5% vs 10.5%; p < 0.001).88 Financial issues in the form of upfront costs incurred by SHCs with regard to stocking and administering MenB was a commonly cited issue contributing to suboptimal MenB vaccine coverage among students. This was exacerbated by the fact that many SHC centres operate payment models
that do not include private insurance.88 Furthermore, among adolescents who had received a ﬁrst dose of 4CMenB, 61% of those
with commercial insurance coverage and 48% of those covered by
Medicaid received a second dose.74 Among non-completers, 35–
40% had ≥1 missed opportunity for series completion.74 Disparities between MenACWY and MenB vaccine uptake, including that
of ﬁrst and second doses, indicate that many individuals may not
be fully vaccinated against IMD, and further highlight the importance of completing the vaccination series to reduce incidence of
IMD and improve overall public health. Of note, a study of correlates and disparities in MenB vaccination coverage among US adolescents found that coverage was higher in those who were upto-date with MenACWY vaccination than in those who were not
(25.8% vs 7.2%, respectively), and MenACWY vaccination coverage
was almost 50% lower in those who had not received MenB vaccination (48.0% vs 86.4% in those who had received MenB).89 These
data underscore the importance of regular healthcare visits and
completion of vaccination schedules, and again point toward potential improvements that could be achieved through simpliﬁed
visit schedules that incorporate combination vaccines. The success
of this strategy has been observed with other vaccines; in a US
analysis, replacement of MMR and a separate varicella vaccine with
a quadrivalent measles, mumps, rubella, varicella (MMRV) vaccine
was associated with a decrease in the number of injections and
a modest increase in the concomitant and on-time administration
of other ACIP-recommended vaccines.90 Similarly, vaccine coverage for varicella increased after the introduction of a quadrivalent
MMRV vaccine in Alberta, Canada.91 These combined data sup-

Potential beneﬁts of combined vaccine products in clinical
practice
A single combined vaccine including ﬁve of the most common
serogroups would provide broader coverage and potentially a simpliﬁed and clearer strategy for meningococcal immunisation across
NIPs. This could contribute to higher vaccination series completion
rates and improved overall IMD protection. Experience with numerous other combination vaccines shows that combining antigens
in one vaccine has advantages over continuing to deliver them as
separate injections. Most importantly, combination vaccines reduce
the overall number of injections required to deliver routine immunisations, and this has been shown to improve convenience, compliance and timeliness of vaccination, which ultimately leads to
better protection against disease.79 , 80 Furthermore, a reduction in
the number of injections reduces the potential for local adverse
reactions and the overall burden of pain and discomfort for children.79 , 80 A combination vaccine strategy also has the potential to
facilitate the introduction of new antigens into a schedule without increasing the number of injections, which are already numerous in order to comply with current recommendations – such a
strategy could provide enhanced coverage of the population from
vaccine-preventable diseases.
In the case of meningococcal vaccines, recommendations have
shifted in many countries from monovalent vaccines to those with
a broader spectrum of coverage. In 1999, the UK became the ﬁrst
country to include a monovalent MenC vaccine in routine infant
vaccination schedules.81 In vaccinated and unvaccinated persons,
reductions in serogroup-speciﬁc IMD were observed after the introduction of serogroup-speciﬁc vaccines such as MenC; however,
a shift in serogroup relative proportion was noted after the introduction of this and other monovalent meningococcal vaccines.10
This led to the development and introduction of quadrivalent vaccines to provide broader protection, and these vaccines are currently widely recommended and used in NIPs. Adoption of quadrivalent meningococcal vaccines increases the spectrum of coverage
for IMD due caused by serogroups A, C, W and Y, while helping to simplify immunisation schedules. In the US, introduction of
combined MenACWY vaccines has coincided with a steady increase
in meningococcal coverage among adolescents (aged 13–17 years)
486
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port a wide acceptance of combination vaccines and an ensuing
increase in coverage.
In regions outside the US, further evidence supports the simpliﬁcation of vaccination schedules as a clear strategy for increasing
vaccination uptake. Three hexavalent vaccines are in widespread
use for the delivery of routine childhood vaccinations.79 These vaccines have been effective for more than 15 years in protecting
against WHO-recommended immune-preventable diseases without
impacting other immunisation schedules or disease occurrence.79
A cross-sectional study in France showed that hepatitis B vaccination coverage increased considerably over a 3-year period after a
hexavalent vaccine was approved for reimbursement.92 Prior to introduction of the hexavalent vaccine, physicians and paediatricians
had to obtain separate consent for a hepatitis B vaccine and the
vaccine had to be administered as an additional series of injections.
The concept of adding serogroup antigens to a vaccine is not
unique to meningococcal vaccines, and vaccines containing multiple pneumococcal antigens have been available for over a decade.
For example, pneumococcal conjugate vaccine (PCV13), which
contains capsular polysaccharide antigens for a broad range of
serotypes, was introduced in 2011 for infants and young children,
and provided a decrease in the incidence of invasive pneumococcal
disease in the US.93 Nonetheless, the emergence of serotypes not
covered by PCV1393 highlights the need for ongoing surveillance
of populations and continued innovation in vaccine development
programmes.

In another randomised, phase 2 study of 484 healthy participants aged 10–25 years, as expected, seroresponse rates for
serogroups A, C, W, and Y were superior after vaccination with
two investigational MenABCWY formulations (two doses) compared with after one dose of MenACWY-CRM; prespeciﬁed immunological non-inferiority criteria (primary outcome measure)
were met. Both formulations also induced substantial immune responses (albeit to a lesser extent than 4CMenB) against MenB test
strains and had similar desirability indices (co-primary outcome
measure based on immunogenicity and reactogenicity parameters).
In addition, reactogenicity proﬁles were similar to each other and
to that of 4CMenB, and there were no reported vaccine-related serious adverse events.94
In a subsequent randomised, phase 2 study (490 adolescents)
investigating the complement-mediated bactericidal activity induced by MenABCWY vaccine against a randomly selected panel
of 110 endemic US serogroup B IMD strains, MenABCWY (two and
three doses) was found to be immunogenic with a clinically acceptable safety proﬁle in adolescents, and the results suggest that
the MenABCWY vaccine offered broad breadth of coverage (67%
[95% CI: 65, 69] after 2 doses and 71% [95% CI: 69, 73] after
3 doses; primary objective) that could provide protection against
most endemic US serogroup B strains.97 Based on the results of
these studies, the pentavalent MenABCWY vaccine is currently being evaluated in a phase 3 trial (estimated primary completion
date September 2022) including 3650 healthy participants aged
10–25 years (NCT04502693).18 The trial will evaluate the effectiveness, safety, tolerability and immunogenicity of MenABCWY compared with 4CMenB and MenACWY-CRM. The primary outcome
measures include the percentage of patient samples without bactericidal serum activity against each of the endemic US N. meningitidis serogroup A, B, C, W and Y strains, percentage of participants whose sera is effective against ≥70% of the strains tested
using hSBA at 1 month after different vaccination schedules, and
the percentage of patients achieving ≥4-fold rise in hSBA titres
from baseline for ACWY and MenB test strains. The safety proﬁle
of MenABCWY will also be examined in relation to 4CMenB and
MenACWY-CRM.

Pentavalent MenABCWY vaccine development
Since the global distribution of meningococcal serotypes is dynamic and diverse, a pentavalent MenABCWY vaccine is expected
to provide broad IMD protection and represent a further advance
in reducing the global burden of this disease and move us one step
closer towards a meningococcal-free world. A recent populationbased dynamic model estimated the potential impact of a pentavalent MenABCWY vaccine on public health in the US.85 It was estimated that, over 10 years, a pentavalent vaccine could prevent
up to approximately 100 additional cases compared with separate MenB and MenACWY vaccination (165 cases prevented with
the use of existing vaccines versus 189–256 cases with the use of
MenABCWY, depending on schedule).85 These values were based
on similar coverage rates to those currently seen for MenACWY.85
The potential impact on public health could thus be a reduction
in IMD caused by the ﬁve major serogroups while also reducing
injection numbers, leading to a potential improvement in vaccination coverage.85
A GSK clinical development programme dedicated to the development of a meningococcal pentavalent MenABCWY vaccine
has led to phase 2 evaluation of a pentavalent vaccine incorporating MenACWY combined with recombinant proteins from
serogroup B and outer membrane vesicles from New Zealand strain
NZ98/254.94–97 In the ﬁrst of these studies in 495 healthy adolescents (494 were vaccinated and 485 completed the study),
two doses of an OMV-containing MenABCWY vaccine formulation, given 2 months apart, induced substantial immune responses
against all serogroups (co-primary outcome measure); all candidate vaccines had acceptable safety proﬁles (co-primary outcome
measure based on solicited local and systemic reactions and adverse events).95 In extension studies, booster doses were evaluated
and antibodies against serogroups A, C, W and Y persisted but decreased over 4 years, and levels of antibodies against serogroup B
test strains also waned over 4 years post-vaccination, but remained
above pre-vaccination concentrations for some strains. Exposure to
a booster dose elicited an anamnestic response in adolescents previously exposed to either MenABCWY or a different quadrivalent
meningococcal vaccine.96

Conclusions
Several types of meningococcal vaccine are approved, recommended and widely available. They have demonstrated effectiveness in preventing IMD in infants, adolescents and young adults.
Initial meningococcal vaccines were monovalent and covered one
serogroup (i.e. A or C), but quadrivalent meningococcal vaccines,
such as MenACWY-CRM, have been used for more than a decade
and are effective in helping reduce and control the incidence of
IMD caused by the serogroups covered, and in helping to reduce
meningococcal carriage. Currently, protection against the most
frequent serogroups requires the administration of two vaccines
(MenB and MenACWY), and this is reﬂected in the most comprehensive meningococcal vaccination programmes that cover MenACWY and MenB separately. The requirement for separate vaccine
administration on two schedules has led to suboptimal vaccination
coverage.
The continuing development of the pentavalent MenABCWY
vaccine that combines the antigenic components of two approved
vaccines, MenACWY-CRM and serogroup B-targeted 4CMenB, will
provide broad and complementary serogroup coverage. There have
been signiﬁcant advances in MenB vaccination in recent years,
with implementation of 4CMenB in more NIPs based on longterm, real-world data on its effectiveness and safety, alongside
data on its global healthcare impact.48 Moreover, increased understanding of the relative importance of the 4CMenB components
has provided an important platform for the design of a combi487

R. Bekkat-Berkani, E. Fragapane, S. Preiss et al.

Journal of Infection 85 (2022) 481–491

Fig. 4. Potential medical, healthcare, and societal beneﬁts of a pentavalent MenABCWY vaccine. AE, adverse event; IMD, invasive meningococcal disease.

nation vaccine that comprises these key components and those
of MenACWY-CRM. A pentavalent vaccine is expected to fulﬁl an
unmet public health need to improve meningococcal prevention
through protection against a broad serogroup proﬁle that is enhanced by reduced vaccination visits, streamlined schedules, and
potential improvements in vaccination coverage. In addition, the
wider global public health impact of protection against gonorrhoeal infection is a further potential beneﬁt.58 , 60 , 64 , 98 Overall, this
potential global impact on public health would represent a major
step toward reducing the global meningococcal disease burden and
bringing us closer to a meningococcal-free world.
The ongoing WHO-led initiative encompasses a multiorganisational partnership with the aim of defeating meningitis
by the Year 2030, with visionary goals that include elimination of
IMD epidemics and reduction of cases of vaccine-preventable bacterial meningitis by 50% and deaths by 70% .6 A key strategic goal
for prevention and epidemic control is higher vaccination coverage
among the population, and this initiative will cover the organisms responsible for most acute bacterial meningitis, including N.
meningitidis.99 Combining components of approved IMD vaccines
is an innovation that provides a more accessible pentavalent
vaccine that will simplify and streamline vaccination schedules by
eliminating the need to administer two vaccines separately. Recent

surveys have shown that over two-thirds of parents/guardians of
US adolescents were unaware of separate MenACWY and MenB
vaccines, (80% were unaware of an MenB vaccine) despite being
aware of meningococcal vaccines in general,69 and very few (7%)
were aware that the MenB vaccine protects against a serogroup not
covered by MenACWY100 ; nonetheless, 36% stated they would be
interested in receiving more information from their HCP.100 These
surveys highlighted the importance of HCP recommendations for
vaccination uptake. It is hoped that the MenABCWY vaccine will
increase uptake by simplifying the process and also removing the
obstacle of explaining the need for separate vaccination visits to
include MenB.
Based on the varied existing recommendations and prevalent
practices for meningococcal vaccination in NIPs, implementing and
recommending MenABCWY vaccines could help simplify and improve global IMD vaccination programmes. For example, in the
US, the pentavalent MenABCWY vaccine could replace MenACWY
plus MenB vaccines,27 and in the UK it could replace 4CMenB plus
Hib/MenC in infants and MenACWY in adolescents.36 Similarly,
MenABCWY would provide an alternative, simpliﬁed IMD vaccination schedule in European countries (e.g. Austria, Czech Republic,
Italy, Spain and, more recently, France) where MenB and/or MenC
and MenACWY vaccines are recommended.47 This strategy should
488
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also improve the overall percentage of infants and adolescents vaccinated against the ﬁve serogroups. The medical advantages and
societal beneﬁts of a combined pentavalent MenABCWY vaccine,
based on historical experience with combination vaccines in general, together with potential beneﬁts speciﬁc to IMD, are summarised in Fig. 4. Thus, development of a pentavalent meningococcal vaccine represents the next logical, coherent, and major step
in the evolution of meningococcal prevention by building on the
successful development of quadrivalent vaccines and subsequent
wealth of clinical experience generated by vaccine programmes incorporating the MenB and MenACWY vaccines. Despite the emergence of serogroup X IMD in Africa,101 MenABCWY is expected to
provide broad protection and prevent IMD attributed to most circulating meningococcal strains worldwide.
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