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ABSTRACT

While invasive meningococcal disease (IMD) is
uncommon, it can result in serious sequelae and
even death. In 2018 in the United States, the
incidence of IMD per 100,000 people was 0.03
among adolescents 11-15 years of age, 0.10
among persons 16-23 years of age, and 0.83
among infants\1 year of age. Serogroup B
accounted for 86%, 62%, and 66% of cases,
respectively, in those age groups. Currently, rou-
tine meningococcal vaccination covering ser-
ogroups ACWY (MenACWY) is recommended in
the United States for all adolescents at
11-12 years of age, with a booster dose at

16 years of age, whereas a meningococcal ser-
ogroup B (MenB) vaccine series is recommended
for persons 16-23 years of age under the shared
clinical decision-making paradigm. The
MenACWY vaccination program in adolescents
has been successful in reducing disease burden,
but does not prevent disease caused by serogroup
B, which accounts for more than half of IMD
cases. There are currently no approved vaccines
that cover all of the most common disease-caus-
ing meningococcal serogroups, which are A, B, C,
W, and Y. A pentavalent MenABCWY vaccine
that is constituted from 2 licensed meningococcal
vaccines—MenB-FHbp and MenACWY-TT—is
being investigated in healthy persons C 10–25 -
years of age. The addition of a MenABCWY vac-
cine is the next natural step in the incremental
meningococcal immunization program in the
United States to improve protection against the
most common serogroup causing IMD, with no
increase in the number of immunizations needed.
With high uptake, routine use of MenABCWY
could reduce IMD cases and associated mortality,
the rate of long-term physical and psychosocial
sequelae in survivors, and costs associated with
controlling outbreaks, particularly on college
campuses. A MenABCWY vaccine would also
reduce the number of injections required for
adolescents, potentially improving compliance.
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Key Summary Points

Invasive meningococcal disease morbidity
and mortality persist among adolescents
and infants in the United States

Currently, meningococcal vaccination
covering serogroups ACWY (MenACWY)
is routinely recommended for all
adolescents 11-12 years of age, with a
booster dose at 16 years of age, and
meningococcal serogroup B (MenB)
vaccination is recommended for persons
16-23 years of age under the shared
clinical decision-making framework

A pentavalent meningococcal vaccine
covering serogroups A, B, C, W, and Y
(MenABCWY) is being investigated in
healthy persons C 10–25 years of age

The addition of a MenABCWY vaccine to
the immunization schedule warrants
consideration because it could simplify
the schedule and increase uptake, which
may reduce cases of invasive
meningococcal disease, long-term
sequelae, and costs associated with
outbreaks

A MenABCWY vaccine would also reduce
the number of injections required for
adolescents, potentially improving
compliance

INTRODUCTION

Neisseria meningitidis is an obligate human
pathogen that causes endemic and epidemic
disease, including invasive meningococcal dis-
ease (IMD) [1]. Case fatality rates (CFRs) can
range from 10% to 15%, and up to 20% of
individuals develop long-term sequelae,
including limb amputation and neurologic
deficits [1–3].

The occurrence of IMD varies according to
age, underlying conditions, and geographic

area, and is unpredictable because of fluctua-
tions over time and differences based on ser-
ogroup [4–6]. In the United States, infants and
young children are at greatest risk of IMD, with
another incidence peak occurring in adoles-
cents and young adults [7]. Serogroup B causes a
high proportion of cases in many parts of the
Americas, Australasia, Europe, and North Africa,
and serogroup C predominates in some regions
of South America, Asia, and Africa [8]. After
near-eradication of serogroup A IMD in the
African meningitis belt, cases caused by ser-
ogroup C are expanding, furthering the need for
multivalent vaccination [5]. Although relatively
uncommon compared with other serogroups,
serogroup X meningococci are responsible for
outbreaks and endemic disease in parts of sub-
Saharan Africa [5, 9]. Because nearly all IMD
cases are caused by serogroups A, B, C, W, and Y
[5], comprehensive protection against IMD
requires vaccination against all 5 serogroups.

Several monovalent and polyvalent
meningococcal vaccines are currently available
(Table 1). Quadrivalent meningococcal conju-
gate (MenACWY) vaccines include capsular
polysaccharides from serogroups A, C, W, and
Y, individually conjugated to carrier proteins
[10–13]. Because the serogroup B capsular
polysaccharide is poorly immunogenic [14],
vaccines based on cell surface-expressed pro-
teins were developed and licensed for use
against serogroup B disease [15–17]. There are
currently no approved meningococcal vaccines
that cover all 5 common disease-causing ser-
ogroups, although such vaccines are undergo-
ing clinical investigation.

This review considers the universal need for a
pentavalent meningococcal vaccine covering
serogroups A, B, C, W, and Y (MenABCWY), and
focuses on data and recommendations from the
United States for adolescents and infants, as
well as on the epidemiology and high burden of
meningococcal disease in these age groups.
Progress towards developing pentavalent vacci-
nes is ongoing, and this review is focused on the
rationale for a MenABCWY meningococcal
vaccine, which is constituted from 2 licensed
meningococcal vaccines [MenB-FHbp (Tru-
menba�; Pfizer, Philadelphia, PA, USA) and
MenACWY-TT (Nimenrix�; Pfizer Europe,
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Brussels, Belgium)]. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals.

MENINGOCOCCAL DISEASE
IN ADOLESCENTS AND YOUNG
ADULTS

Epidemiology and Burden of Disease
in the United States

Adolescents and young adults are at increased
risk of IMD. In 2018, the incidence was 0.13
per 100,000 among adolescents and young
adults 11-23 years of age (Fig. 1a) [7]. While
the incidence has generally decreased since
2015 (with a peak occurring in 2016), the
burden of disease among young adults con-
tinues to be higher than in any other age

group except for infants. Notably, serogroup B
accounted for 66% of all cases of IMD in 2018
among adolescents and young adults (i.e., 86%
and 62% of all cases among individuals
11-15 years of age and 16-23 years of age,
respectively) (Fig. 1b) [7]. In comparison, ser-
ogroup C, W, and Y cases collectively
accounted for 10% of cases in those 11–-
25 years of age, and the incidence for these
disease-causing serogroups has generally been
stable since 2015 [7, 18–20]. Serogroup A
caused no IMD in the United States, and
unknown or nongroupable IMD accounted for
13%–24% of cases in adolescents and young
adults in the period 2015-2018 [7, 18–20].

No IMD-associated deaths were reported in
adolescents or young adults 11-23 years of age
in 2018 (Table 2) [7]. However, from 2015 to
2017, the CFR ranged from 12.5 to 25.0% and
from 4.5 to 17.4% in those 11-15 and
16-23 years of age, respectively [18–20].

Table 1 Currently available meningococcal vaccines

Name Meningococcal
serogroup

Type US licensed
age range

Menactra

(MenACWY-D)

[10]

A, C, W, Y Polysaccharides conjugated to diphtheria toxoid 9 months -

55 years

Menveo

(MenACWY-

CRM) [11]

A, C, W, Y Polysaccharides conjugated to CRM197, a (nontoxic)

mutant diphtheria toxin

2 months–

55 years

MenQuadfi

(MenACYW-TT) [12]

A, C, W, Y Polysaccharides conjugated to tetanus toxoid C 2 years

Nimenrix

(MenACWY-TT) [13]

A, C, W, Y Polysaccharides conjugated to tetanus toxoid C 6 weeksa

Bexsero

(MenB-4C) [50]

B Recombinant-derived outer membrane proteins NadA,

NHBA, fHbp (subfamily B), plus PorA-containing outer

membrane vesicles

10 - 25 years

Trumenba

(MenB-FHbp) [51]

B Recombinant-derived lipidated fHbp (subfamily A and B) 10 - 25 years

fHbp factor H binding protein, NadA neisserial adhesin A, NHBA neisserial heparin binding antigen
aNot currently licensed in the United States
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Nasopharyngeal carriage of the bacterium is
a prerequisite for the development of IMD [1].
Thus, it is not surprising that carriage is most
common among adolescents and young adults,
peaking at about 24% at 19 years of age among
countries in which serogroup B and C disease
dominates [21], although most carriage strains
do not cause invasive disease [22]. Carriage rates

in institutional settings, such as college dormi-
tories, can be much higher, exceeding 50% in
historical reports from UK universities without
meningococcal vaccine programs in place at the
time [23, 24]. Age-typical behaviors, such as
smoking, having close or prolonged contact
(e.g., through kissing), or living in close quarters
(e.g., dormitories), leads to transmission from
carriers to others, who may then develop dis-
ease [25]. Disease develops suddenly and pro-
gresses rapidly, and the initial symptoms can be
nonspecific, together contributing to the high
mortality rate. Therefore, a vaccination-based
approach to prevention is justified [1, 25].

College attendance is a risk factor of IMD;
from 2015 to 2017, the incidence of IMD was
more than five-fold higher among 18- to
24-year-olds attending college compared with
those not attending (0.22 vs. 0.04 cases per
100,000) [26]. Adolescents and young adults are
also at risk of IMD because of college outbreaks
[27]. Between 1994 and 2002, 57% of organi-
zation-based outbreaks (i.e., occurring in indi-
viduals with a common affiliation but with no
known close contact with each other) of
meningococcal disease in the United States
were caused by serogroup C, with the remaining
attributed to serogroups B (25%) and Y (18%);
notably, these data predate the availability of
routine MenACWY vaccine programs that
began in 2005 [28, 29]. Between 2011 and 2019,
the epidemiology of college outbreaks shifted,
with all 14 college outbreaks being caused by
serogroup B, including 50 cases, 2 deaths, an
outbreak duration of a few weeks to more than

Fig. 1 Incidence (a) and cases (b) of meningococcal
disease in the United States in adolescents and young
adults (2015-2018) [7, 18–20]. ‘‘Other’’ includes non-
groupable cases

Table 2 Case fatality rates in infants and adolescents and young adults in the United States (2015–2018) [7, 18–20]

Year Infants
(< 1 year of age)

Adolescents
(11–15 years of age)

Young adults
(16–23 years of age)

2015 5.4% 25.0% 17.4%

2016 11.1% 12.5% 8.8%

2017 12.0% 25.0% 4.5%

2018 12.9% 0.0% 0.0%
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1 year, and a total at-risk population of more
than 250,000 individuals [27].

Adolescents and young adults who have had
IMD can experience high rates of long-term
detrimental physical and psychosocial sequelae
[3, 30]. In a matched-cohort study, case subjects
who had IMD between 15 and 19 years of age
had poorer mental health, social support, edu-
cational outcomes, and quality of life compared
with matched control subjects [30]. Specifically,
58% of those who had IMD experienced
sequelae at 18-36 months after IMD, which
was most commonly skin scarring (18%), ver-
tigo (17%), mobility and speech problems (13%
each), and hearing deficits (12%). A consider-
able percentage of those who had IMD also
experienced effects on their daily life, with
about half reporting effects on their leisure
activities, physical ability, academic achieve-
ment, and home life, and with more than 40%
noting that their friendships and vocational
choices were affected. Serogroup B disease in
children and adolescents caused significantly
more disabilities in a population-based
case–control study from the United Kingdom
compared with matched controls [3]. These
disabilities included major physical or neuro-
logic disabilities, such as limb amputations,
very low intelligence quotient (IQ), seizures,
and hearing loss in approximately 10% of chil-
dren, as well as minor deficits (e.g., psycholog-
ical disorders, borderline IQ, digit loss, minor
hearing loss, or communication deficits) in
more than one-third of patients at a median of
3.75 years after disease.

Therefore, although the incidence of
meningococcal disease is low, prevention of
meningococcal disease among adolescents and
young adults is important because of the dev-
astating effects, including mortality and long-
term sequelae, and the potential for outbreaks.

Vaccine Recommendations and Uptake
in the United States

The US Advisory Committee on Immunization
Practices (ACIP) recommends routine
MenACWY vaccination for all adolescents at
11-12 years of age, with a booster dose at

16 years of age [31]. ACIP also recommends a
meningococcal serogroup B (MenB) vaccine
series for persons 16-23 years of age (preferred
age of 16-18 years) under the shared clinical
decision-making (SCDM) paradigm, which calls
for a discussion between provider and patient
about risks and benefits, without a default
position in terms of whether vaccination should
occur [32–34]. The decision to recommend
SCDM (as opposed to routine use) was based on
the overall low incidence of serogroup B disease,
limited data on duration of protection and
effectiveness, seriousness of disease, and the
availability of licensed vaccines [34]. However,
this recommendation may be in part responsi-
ble for the low uptake of the MenB vaccines
[35].

The MenACWY vaccination program was
associated with a reduced incidence of disease
due to serogroups C, W, and Y in adolescents
and young adults from 2006 to 2017, and an
estimated 222 cases were averted in persons
11-22 years of age [36]. There is currently high
uptake for the first dose of MenACWY by US
adolescents (87% in 2018), which may partially
be due to state mandates requiring vaccination
for school entry [37, 38]. However, uptake of the
second dose is lower (51% in 2018) [37]. MenB
vaccines have a low uptake (17% of adolescents
in 2018 received C 1 dose); it is not clear to
what extent this is due to patient’s unwilling-
ness to be vaccinated or the fact that SCDM
conversations may not be taking place
[37, 39–41]. In either case, these data suggest
that many adolescents and young adults are not
fully protected.

MENINGOCOCCAL DISEASE IN
INFANTS

Epidemiology and Burden of Disease
in the United States

The greatest burden of meningococcal disease is
in infants\1 year of age [7]. In 2018, the inci-
dence of IMD in infants was 0.83 per 100,000
(Fig. 2a) compared with 0.10 per 100,000 in the
general population. Infants 2-5 months of age
appear to be at highest risk, although data are
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limited [6, 42–45]. Approximately 66% of cases
in infants are caused by serogroup B, with ser-
ogroups C, W, and Y accounting for 28% of
cases (Fig. 2b) [7]. While the incidence of
meningococcal disease overall and for ser-
ogroup B disease has decreased steadily from
2015 to 2017, an increase in total cases in
infants was noted in 2018, which was predom-
inantly attributed to serogroup B and to a lesser
extent serogroup C disease [7, 18–20]. As with
adolescents, serogroup A caused no IMD in the
United States in infants in the period
2015-2018 [7, 18–20]. Over the same period,
nongroupable and unknown accounted for
2%–24% of cases in infants.

From 2015 to 2018, CFR in infants was
5.4%-12.9% (Table 2) [7, 18–20]. Infants may
be more likely to have sequelae and have more
severe sequelae than older patients who had
IMD [44, 46]. For instance, hearing loss in
infants with meningitis (19%) was more com-
mon than among adolescent or adult cases
(12% and 8%, respectively). Neurologic com-
plications in young infants, including hearing

loss, are of concern because they may lead to
developmental delay and may necessitate sur-
gery [47].

While other risk factors of IMD in the gen-
eral population are also thought to be applica-
ble to infants, factors specifically in this
population have not been well elucidated,
although an association with increased IMD risk
in infants and low birth weight, cigarette smoke
exposure, and lower socioeconomic status is
reported [42, 48]. Catabolism of transplacen-
tally acquired antibodies may also increase the
risk of disease in infants [6]. Infants acquire
meningococcus from colonized adolescents and
adults in their environment, and they are more
susceptible to infection because of immuno-
logic immaturity [6, 42].

Vaccine Recommendations in the United
States

MenACWY vaccination is not routinely recom-
mended by the ACIP for children 2 months to
10 years of age unless they have a high risk
condition (e.g., HIV infection, anatomic asple-
nia, complement component deficiency, expo-
sure in an outbreak, travel to or living in a
country in which meningococcal disease is
hyperendemic or epidemic) [49]. In recom-
mending against routine vaccination in this age
group, the ACIP cited the low burden of both
IMD and cases that are preventable with
MenACWY vaccines, which thereby was pro-
jected to limit the potential impact of a routine
infant meningococcal vaccination program
[42]. Of note, MenB vaccination of infants is not
currently recommended [49] because no MenB
vaccines are licensed in the United States for
this age group [50, 51].

DEVELOPMENT
OF A PENTAVALENT
MENINGOCOCCAL VACCINE

An investigational pentavalent MenABCWY
vaccine is being developed, which is constituted
from 2 licensed meningococcal vaccines: MenB-
FHbp and MenACWY-TT. MenB-FHbp is

Fig. 2 Incidence (a) and cases (b) of meningococcal
disease in the United States in infants (2015–2018)
[7, 18–20]. ‘‘Other’’ includes nongroupable cases
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currently licensed in the United States for
administration on a 2-dose (months 0 and 6)
schedule in individuals 10-25 years of age, and
is supported by a clinical development program
involving more than 20,000 adolescents and
young adults [51, 52]. During an outbreak, a
3-dose schedule (months 0, 1-2, and 6) is rec-
ommended [53]. MenACWY-TT is a quadriva-
lent conjugate vaccine that uses tetanus toxoid
as the carrier protein; it is licensed in the
European Union and several other countries
(but not the United States) for vaccination
beginning at 6 weeks of age [13, 54]. A 2-dose
series (given 2 months apart) is administered
from 6 weeks to\6 months of age, or a single
dose from 6 to 12 months of age, with a booster
dose administered at 12 months of age
([2 months after the previous dose) [13]. The
clinical development of MenACWY-TT includes
several phase 2 and 3 studies evaluating the
immunogenicity and safety of primary vacci-
nation in more than 2000 adolescents and
young adults, as well as antibody persistence
through 10 years after primary and booster
dosing [54, 55]. Clinical development also
includes several phase 3 studies in more than
8000 infants and children 6 weeks to 10 years
old [56].

The MenABCWY vaccine is being investi-
gated in an ongoing phase 2/3 study in healthy
adolescents and young adults 10-25 years of
age, including both MenACWY vaccine-naive
and -experienced subjects (NCT03135834) [57].
After administration of a 2-dose schedule given
at months 0 and 6 (control subjects received
MenB-FHbp at months 0 and 6 and MenACWY-
CRM [Menveo�; GSK Vaccines, Sovicille, Italy]
at month 0), immune responses to MenABCWY
were robust and noninferior to MenB-FHbp and
MenACWY-CRM at 1 month after dose 2,
regardless of prior MenACWY vaccine exposure
[57]. MenABCWY was also well tolerated with
an acceptable safety profile [57]. Other ongoing
clinical studies of the MenABCWY vaccine
include phase 2 studies in healthy infants
(NCT04645966) and adolescents
(NCT04440176), and a phase 3 study in ado-
lescents and young adults (NCT04440163;
Table 3).

Using the current US schedule (i.e.,
MenACWY vaccine given at 11 and 16 years of
age) and assuming current rates of vaccination
uptake for MenACWY and MenB vaccines, a
population-based dynamic model simulating
transmission of meningococcal disease in the
United States found that vaccination with 2
doses of each vaccine (total of 4 injections
between 11 and 16 years of age) has the poten-
tial to avert 165 cases of IMD over a 10-year
period compared with no vaccination [58]. The
same model estimated that a MenABCWY vac-
cine has the potential to prevent up to 256 cases
of IMD in this population compared with no
vaccine; the higher number of cases averted
with the MenABCWY vaccine was predomi-
nantly attributed to the prevention of more
serogroup B cases.

CONSIDERATIONS FOR USE
OF A PENTAVALENT
MENINGOCOCCAL VACCINATION

Several factors would need to be weighed in
considering recommendations for use of a
MenABCWY vaccine in the general population.

Fatality Rate and Serious Sequelae

The public health threat represented by IMD is
relatively low in the context of other current
public health challenges, such as the coron-
avirus disease 2019 (COVID-19) pandemic, the
opioid crisis, the decrease in preventive
healthcare visits after 15 years of age, and poor
uptake of the human papillomavirus vaccine
[7, 59, 60]. However, as described previously,
with the existing routine recommendations for
MenACWY vaccination of adolescents in the
United States, a large proportion of disease
continues to occur, including in the age-based
populations at greatest risk (i.e., infants and
adolescents/young adults), which is mostly
attributed to serogroup B and to a lesser extent
serogroup C disease (Fig. 1) [7]. Thus, replacing
MenACWY vaccine with a pentavalent
MenABCWY vaccine would reduce disease bur-
den and simplify the current vaccination
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schedule, and in many ways represents the next
natural step in the evolution of the US
meningococcal vaccination program. In addi-
tion, among vaccine-preventable diseases,
meningitis has one of the highest fatality rates,
and the burden is persistently high and lagging
behind other vaccine-preventable diseases [61].
For adolescents and young adults, the CFR for
IMD from 2015 to 2017 was exceptionally high
(e.g., a CFR of 17.4%-25.0% in 2015)
[7, 18–20]. Any death, including pre-
ventable ones occurring in childhood or young
adulthood, is devastating for families, loved
ones, and the community, and the mortality
risk of a vaccine-preventable disease should be a

consideration in formulating recommendations
for vaccination.

As described previously, patients who have
IMD in childhood can also experience high
rates of long-term effects, including detrimental
physical and psychosocial sequelae that can
linger into adulthood [3, 30, 62]. These can lead
to adverse quality of life and psychosocial
effects for both the children and their families
[46, 63, 64]. Of note, the paucity of data
regarding long-term outcomes for childhood
survivors of IMD, particularly infants, empha-
sizes the need for further study, including pop-
ulation-based investigations.

Table 3 Ongoing clinical studies of the MenABCWY vaccine

ClinicalTrials.gov
identifier

Phase Status Details

NCT03135834 3 Recruiting 1590 participants (estimated)

10 - 25 years of age

To assess the immunogenicity and safety of MenABCWY in MenACWY

vaccine-naive healthy adolescents and young adults

To assess persistence of MenABCWY

To assess immunogenicity and safety after MenABCWY booster

NCT04440163 3 Recruiting 2413 participants (estimated)

10 - 25 years of age

To assess the immunogenicity and safety of MenABCWY versus MenB-FHbp

and MenACWY-CRM in both MenACWY vaccine-naive and -experienced

healthy adolescents and young adults

NCT04645966 2 Recruiting 1325 participants (estimated)

2 - 6 months of age

To assess the immunogenicity and safety of MenABCWY administered on a

2 ? 1 schedule in healthy infants

NCT04440176 2 Recruiting 300 participants (estimated)

11 - 14 years of age

To assess the safety and immunogenicity of MenABCWY administered at either

months 0 and 12 or months 0 and 36

Data are from ClinicalTrials.gov and are current as of July 27, 2021. Another MenABCWY vaccine is in development, but
this review is focused on a pentavalent vaccine that is constituted from 2 licensed meningococcal vaccines (MenB-FHbp and
MenACWY-TT)
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Cost of IMD

A large proportion of IMD cases among college
students occurs in the context of campus out-
breaks [27]. Controlling IMD outbreaks requires
coordination among numerous parties and sig-
nificant human and capital resources [65]. In
the absence of proactive vaccination programs,
mitigating the extent of the outbreak is depen-
dent on the ability of reactive vaccination
strategies to quickly interrupt carriage and
transmission. Responses to college outbreaks are
also associated with high financial costs. For
instance, the total cost of 2 serogroup B college
outbreaks occurring in Oregon and Rhode
Island was US$0.589-1.696 million with the
cost per student vaccinated of US$636-2333
[27].

Traditional cost–benefit analyses may be
difficult to apply to vaccination against IMD
because of the unpredictable nature of IMD and
the variability in the estimations of indirect
disease costs (e.g., premature death, additional
education, welfare needs) and vaccination ben-
efits [66]. Of relevance to the epidemiologic
situation in the United States, the quality-ad-
justed life-year thresholds for MenB vaccines
have been outside the accepted willingness-to-
pay range; however, the methodology used to
assess cost effectiveness can vary and may not
fully measure vaccine impact [66]. Incorpora-
tion of a MenABCWY vaccine into the recom-
mended vaccination schedule would prevent
disease due to serogroup B and reduce costs
associated with individual and outbreak
response.

Challenges with Vaccination

Importantly, meningococcal vaccination pro-
grams have resulted in disease reductions,
emphasizing the benefits of such public health
measures. For instance, countries that included
routine use of the serogroup C conjugate vac-
cine in the routine infant vaccination program
experienced dramatic decreases in IMD among
infants, as well as in other age groups who were
not directly vaccinated [67–70]. In the Nether-
lands, after the introduction of a

meningococcal serogroup C vaccination pro-
gram in individuals 1-18 years of age in 2002,
the number of disease cases due to serogroup C
rapidly decreased across all age groups [70].
Within 2 years of the introduction of routine
MenACWY in the Netherlands in 2018, there
was a reduction in the incidence of IMD of 85%
in all vaccine-eligible ages, mainly driven by a
reduction in serogroup W disease [13]. In addi-
tion, 3 years after MenB-4C was included in the
UK infant immunization program, a 75%
decrease in the incidence of serogroup B disease
was reported among all children who were eli-
gible for vaccination [71]. Importantly, while
large observational studies have shown vacci-
nation against serogroups A and C can affect
meningococcal carriage, this effect of MenB
vaccination has not been shown in adolescents
with moderate-to-high vaccine uptake [72, 73].
Therefore, direct vaccination of at-risk popula-
tions will be required to reduce serogroup B
disease.

To achieve these public health benefits of
meningococcal vaccination, it is necessary that
there be large uptake of a vaccine for the cur-
rently relevant disease-causing serogroup(s).
However, challenges exist in achieving these
goals.

Dynamic Nature of Meningococcal Disease
Epidemiology

The variable epidemiology of IMD, including
temporal fluctuations in the predominant dis-
ease-causing serogroup, can lead to challenges
in ensuring that at-risk populations are appro-
priately protected. To address these challenges,
several countries outside the United States have
amended vaccine recommendations as the
incidence of IMD caused by specific serogroups
has changed [74–76]. Serogroup W cases have
been associated with a hypervirulent ST-11
strain and an emergent ST-9316 strain pre-
dominantly affecting children younger than
4 years [74, 77–80]. A proportion of these ser-
ogroup W cases has presented with atypical
clinical features, including septic arthritis, gas-
trointestinal symptoms, and severe respiratory
tract infections, such as pneumonia, epiglotti-
tis, and supraglottitis [74, 81]. The serogroup Y
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cases have varied regarding the most affected
age group, and commonly manifest as sep-
ticemia and with decreased penicillin suscepti-
bility [75, 76]. Importantly, several countries
worldwide have introduced MenACWY vacci-
nation to their immunization programs in
response to this changing epidemiology [82],
emphasizing that a single vaccine that provides
protection against the 5 predominant disease-
causing serogroups could best address the vari-
able epidemiology of IMD for at-risk
populations.

Challenges with Vaccinating Infants
and Adolescents
The infant vaccination schedule is already
crowded; incorporating optimal protection
against IMD using separate MenACWY and
MenB vaccines would add as many as 8 injec-
tions to the first year of life [11, 83], which may
lead to decreased compliance [84]. Combina-
tion vaccines are generally preferred by ACIP
because they reduce the number of injections
that are required and improve vaccine coverage
rates, among other benefits [85]. The availabil-
ity of a MenABCWY vaccine may therefore offer
the possibility of more efficiently vaccinating
infants against the most predominant disease-
causing serogroups and with a minimal number
of doses. The same arguments could be made in
limiting the number of injections for other age
groups.

The uptake of meningococcal vaccines
among adolescents can also be challenging [86].
Patient-associated factors among adolescents
that could account, at least in part, for dimin-
ished vaccine uptake include less healthcare
utilization compared with younger individuals
and missed opportunities for vaccination (i.e., a
healthcare visit in which vaccines could have
been administered but were not). Other provi-
der-/practice- and policy-related factors that are
suggested to affect vaccine uptake among ado-
lescents include competing demands among
healthcare providers to address important
topics at adolescent clinic visits, the lack of
school entry requirements for vaccinations, and

the ability to be vaccinated without parental
consent [86].

Besides the availability of safe and efficacious
vaccines, successful pediatric vaccination pro-
grams require sufficient parental awareness,
provider knowledge, and equitable access [35].
However, notable challenges have been found
in this regard. For instance, a US survey of
healthcare providers’ understanding of ACIP
meningococcal recommendations found a lack
of understanding of the shared decision-making
recommendations [40]. In addition, parents are
often unaware of MenB vaccines, and racial and
socioeconomic inequities exist in patient access
to these vaccines [35].

Despite these challenges, the relative success
of the existing MenACWY vaccination program
presents an opportunity to build on the existing
framework to cover all serogroups with a
MenABCWY vaccine [87]. Given the persistent
and dynamic nature of IMD [88], it is not likely
that the current recommendations for
MenACWY vaccination will be removed. Thus,
providing additional coverage of serogroup B
with a MenABCWY vaccine would further
reduce disease incidence regardless of potential
serogroup replacement in the future and the
costs associated with outbreak response.

CONCLUSION

Although rare, IMD can have devastating clinical
consequences for individuals and cause disrup-
tive and costly outbreaks. The universal
MenACWY vaccination program in US adoles-
cents has been successful in reducing disease
burden, but is incomplete in the sense that less
than half of the incident disease is prevented.
A MenABCWY vaccine would cover serogroup B
disease and could help close this gap. Availability
of such a vaccine would warrant serious consid-
eration for addition to the routine immunization
schedule, given the higher incidence of disease
in adolescents and infants and the potential for
life-long sequelae. Traditional cost–benefit
analyses may underestimate the human impact
that such a program might have.
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