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Key summary points

Aim Invasive meningococcal disease (IMD) presents a substantial burden in older adults, usually ineligible for protective immu-
nization. We reviewed clinical epidemiology and current immunization policies to highlight current unmet needs in older adults.
Findings IMD in older adults represents a substantial proportion of the overall disease burden. Atypical presentations are
common, often associated with less common serogroups.

Message While most attention is on disease in younger individuals, there remains a need to increase awareness of IMD in
older adults and reconsider immunization policy.

Abstract

Purpose Invasive meningococcal disease (IMD) is a devastating condition. While most attention is directed towards disease
in children and adolescents, IMD poses an important cause of morbidity and mortality in adults >60 years. While immu-
nization is a critical component of healthy ageing strategies, meningococcal immunization is not routinely offered to older
adults. The aim of this review was to summarize clinical and epidemiological aspects of IMD and available immunization
strategies, with a particular focus on disease in older individuals, to emphasize the importance of this rather neglected area.
Methods An expert working group was established to evaluate clinical and epidemiological data to raise awareness of IMD
in older individuals, and develop suggestions to improve the existing burden.

Results Routine child and adolescent meningococcal immunization has substantially reduced IMD in these targeted popu-
lations. Consequently, prevalence and proportion of IMD among those >60 years, mostly unvaccinated, is increasing in
developed countries (accounting for up to 25% of cases). IMD-related mortality is highest in this age-group, with substantial
sequelae in survivors. IMD due to serogroups W and Y is more prevalent among older adults, often with atypical clinical
features (pneumonia, gastrointestinal presentations) which may delay timely treatment.

Conclusions IMD in older adults remains overlooked and greater awareness is required at clinical and societal levels. We
encourage clinicians and immunization policy makers to reconsider IMD, with a call for action to remedy existing inequity
in older adult access to protective meningococcal immunization.
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Introduction

Although relatively uncommon, invasive meningococcal
disease (IMD) due to Neisseria meningitidis remains an
important global public health concern [1]. While meningitis
and/or septicemia are the most well-known forms of IMD,
atypical presentations are increasingly recognized (meningo-
coccal bacteremic pneumonia, acute gastrointestinal upset,
septic arthritis) [2, 3]. N. meningitidis is usually transmitted
by airborne droplets. However, sexual transmission has been
reported and N. meningitidis can provoke urogenital and
anorectal infection, chiefly in men who have sex with men
(MSM) [4]. Even with appropriate treatment, case-fatality
rates are high, ranging between 4-20% [5]. Serious seque-
lae e.g., amputations or limb impairment and neurological
complications (seizures, hearing loss) are reported in up to
20% of survivors, in whom long-term physical, psychologi-
cal and social disability and reduced quality of life may be
substantial [6].

Global epidemiology shows substantial geographical
and temporal variation in the relative importance of specific
serogroups in local IMD epidemiology [7]. Most meningo-
coccal infections are due to six serogroups (A, B, C, W, Y
and X) [1, 7, 8]. More detailed molecular/genomic analyses
allow identification and grouping of specific, often hypervir-
ulent, highly transmissible clonal complexes (cc) spanning
different serogroups and with evidence of capsular switching
e.g., from serogroup C to W (or B) serogroups [9]. Sero-
group C ccll was associated with much of the past burden
of serogroup C disease in developed countries and remains
an important cause of IMD outbreaks [9]. W ccll was
associated with the emergence of serogroup W as a globally
important IMD causative serogroup [10, 11], and serogroup
B ccl1 strains are associated with IMD outbreaks [12].

In most developed countries, before any introduction
of national immunization strategies, the majority of IMD
was due to B, C, W, and Y serogroups, with the great-
est incidence in children <5 years of age (in particular
infants <12 months) and then in adolescents and young
adults aged 15-24 years [1, 13]. To date, these age-groups
have been the focus of strategies of immunization pro-
grammes in most countries that have implemented vaccines
targeting one or more of these specific serogroups [1, 8, 14].
Use of polysaccharide-protein conjugated monovalent MenC
and quadrivalent MenACWY vaccines (and more recently
protein-based MenB vaccines) has played an important role
in contributing to global declines in IMD incidence, and
burden (in terms of morbidity and mortality) in children and
adolescents [8, 15, 16]. This has led to a shift in IMD age
demographics, with increasing case numbers, and a greater
proportion of overall cases now involving older adults, evi-
dent across much of Europe and in North America [17]. This
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rather contradicts the conventional thinking that meningo-
coccal disease is a disease of children and younger adults
(and by extension, that only these age-groups would benefit
from immunization). In reality, up to 25% of the overall IMD
burden in many countries is found in older adults [18-20].
Furthermore, as we report later, mortality is higher in this
older population, with case fatality rates of 30% reported in
adults >75 years of age [5]. Additionally, the frequency of
sequelae increases the risk of dependency in older adults.

This constitutes a particular concern. Furthermore, in
light of shifting population demographics towards an older
ageing population structure in developed countries [21],
it may be anticipated that, without any change to existing
policies, this burden will increase. There is a need to raise
awareness of IMD, within and across medical specialties
involved in the care of older adults, in order to communi-
cate greater understanding and improve clinical outcomes.
In addition, the present approach in immunization programs,
whereby routine adult meningococcal immunization is not
currently available merits reconsideration.

Against this background, an international multidiscipli-
nary expert working group (EWG) was formed to evalu-
ate the existing knowledge base of meningococcal disease
in older adults. For the purposes of the present paper, we
consider this in the context of individuals aged >60 years,
although this in itself spans a broad age-group and includes
many that can be considered middle aged adults. The pur-
pose was to identify knowledge gaps and develop proposals
for future initiatives to address such limitations (See Supple-
mentary Material and Supplementary Fig. 1). The proceed-
ings from these initial meetings are reflected in this paper.

Methods
Search strategy and selection criteria

We searched PubMed using a range of free-text and MeSH
search terms in various combinations to identify relevant
publications reporting meningococcal infection epidemiol-
ogy, disease burden, outcomes and immunization policy in
older adults. This was supplemented by reviewing the refer-
ence lists of relevant publications from identified papers.
Although comprehensive, this was not formally systematic,
with no specific selection criteria or date limitations, search-
ing through May 2023. Additional data were sourced from
public databases reporting national surveillance data, e.g.,
the European Centre for Disease Prevention and Control
(ECDC) and the Centers for Disease Control and Preven-
tion (CDC).
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Healthy ageing and the value of adult immunization

Shifting population demographics, with an increasingly age-
ing population [21, 22], places a premium on optimising
older adults’ health and quality of life, whilst maintaining
an individual’s personal capabilities and autonomy within
the framework of broader ‘healthy ageing’ [23]. The risk
of infectious disease, including vaccine-preventable disease
in older adults is influenced by age-associated senescent
remodeling in humoral and cell-mediated immunity (immu-
nosenescence) [24]. Vaccine-preventable diseases pose a
substantial disease and economic burden in older adults [25],
and so immunization is a critical component of any healthy
ageing strategy [26, 27]. Indeed, whilst immunization poli-
cies and initiatives in most countries are age-based with their
principal focus upon child and adolescent populations, a life-
long vaccination approach has been increasingly adopted
[28]. In this approach, individuals across all-age-groups
are offered all appropriate vaccinations (including catch-up
vaccination when prior scheduled vaccination was missed,
and regular boosters). For older adults, although it varies
across specific countries, this approach includes immuni-
zation against influenza, pneumococcal infection, pertussis
and herpes zoster, in addition to continued SARS-CoV-2
vaccination, and may extend towards more recently devel-
oped vaccines such as those against respiratory syncytial
virus (RSV). While vaccination for older adults is embed-
ded within some countries’ immunization programs, e.g., the
United States (US), France, and Italy [29], broader global
implementation of this approach is limited, in part due to
perceived financial barriers and other priorities for national
vaccination strategies [30]. Even when fully publicly funded
programs are in place, disparities in older adult vaccination
uptake are apparent, with lower uptake of recommended
influenza and pneumococcal vaccines in older adults associ-
ated with racial/ethnic factors, income and educational status
[31]. Reduced awareness regarding recommendations and
benefits for immunization from healthcare providers, and
concerns about costs, all play a role in lower vaccine uptake;
misinformation is also a factor [32]. This conflicts with the
recognized benefits of immunization in reducing morbidity
and mortality due to vaccine-preventable disease. There is a
wealth of supportive evidence emerging for broader health
gains with adult vaccination, notably beneficial effects of
influenza immunization in reducing mortality and cardiovas-
cular events in high-risk populations, including older adults
[33]. Strategies to improve vaccine uptake, including efforts
to alleviate any allied vaccine hesitancy, ideally emphasising
vaccine benefits within the broader preventive and support-
ive ‘healthy ageing’ framework, remain a critical component
of public health [34].

Prioritising vaccination of the older and most vulner-
able older adult population was a successful strategy when

addressing the Covid-19 pandemic, and calls to maintain
this approach in ongoing broader older adult immunization
policy have been made [27]. The pandemic also generated
tremendous societal dialogue on the place of older adults
within society, where an attitude of ageism, in which older
individuals are considered equally frail, lacking in autonomy
and with little contribution to society was apparent [35].
This still remains in some quarters, and ignores the often
substantial economic contributions of older adults (and
even greater social importance within the family and larger
community) [36]. Regardless of any net economic gains or
burdens, simple fairness demands social and health equity
for older adults to address disparities and maintain indi-
vidual autonomy. This includes access to available vaccines
against important vaccine-preventable conditions in older
adults. As we outline below, this could and perhaps should
include broader publicly funded access to meningococcal
immunization.

Challenges of IMD in older adults
Clinical aspects

Clinical forms of IMD in older adults may differ from those
in other age groups. Atypical presentations are far more
common in older adults, particularly bacteremic pneumonia,
and gastrointestinal presentations, preceding or concurrent
with overt meningitis or sepsis, and also septic arthritis [2,
3]. An illustrative schematic is shown in Fig. 1. Studies in
several countries clearly show this over-representation and
its association with specific hypervirulent W ccll and Y
cc23 strains [2, 3, 37, 38]. In the UK, most meningococ-
cal pneumonia is associated with serogroup Y cc23, and
pneumonia has a higher case fatality rate than other clinical
forms (19% vs. 17% seen with septicemia) [3]. In France,
case fatality in those aged >60 years is 20% compared to an
overall case fatality rate of 10%, in particular due to sero-
groups W and Y (17.9% and 22.5% respectively) [39].

Even with more classical presentations, IMD in older
adults carries a generally lower index of suspicion; with
atypical presentations, IMD is rarely considered in the ini-
tial differential diagnosis. Furthermore, older adults with
IMD may present to, and be cared for by a wide range of
clinical specialists (primary care and emergency physicians,
pulmonologists and gastroenterologists etc., as well as geri-
atric specialists), where there may be limited experience
and generally low awareness of IMD in older individuals.
This indicates the need for greater education of healthcare
professionals, allied with standardized case definitions and
diagnostic protocols (to capture all IMD including atypical
presentations) to ensure more precise estimation of disease
burden.

@ Springer



732

European Geriatric Medicine (2024) 15:729-741

Risk factors for IMD in older adults

Conventional risk factors for IMD are well recognized, span-
ning medical comorbidities (chiefly immunodeficiency) and
social factors [40, 41]. In addition to these general risk fac-
tors, several risk factors are more specifically encountered
among older adults. The CDC considers older age per se
(=65 years) arisk factor [42]. Common medical comorbidi-
ties, more prevalent in older individuals e.g., diabetes mel-
litus, chronic pulmonary and renal disease, are also reported
to increase the risk [41, 43], and underlying respiratory
comorbidities are commonly reported in older adults with
meningococcal pneumonia [3]. Overall comorbidity burden
e.g., higher Charlson comorbidity index (CCI) also confers
greater IMD risk, and also greater risk of sequelae [43].
Social crowding is strongly associated with risk across
all age-groups [44]. This includes nursing home residents,
where limited IMD disease clusters in older residents are
reported (chiefly MenW ccl1 disease, presenting with pneu-
monia or non-specific respiratory symptoms) [45]. Attend-
ance at mass gatherings, notably Hajj and Umrah pilgrim-
ages to the Kingdom of Saudi Arabia, is a well-recognized
risk factor, and of direct relevance to older individuals as
approximately 20% of pilgrims are >60 years of age [46].
Prior IMD outbreaks associated with Hajj and Umrah events
include a major international serogroup A outbreak in 1987,
and localized serogroup A outbreaks in 1988, 1992 and
1997 [46]. These were followed by substantial Hajj-related
international outbreaks in 2000 and 2001, predominantly
due to serogroup W, associated with substantial mortality,

(- Meningococcal pneumonia is frequent in older adults\
(approximately 25% of cases).
« Most cases are associated with hypervirulent MenW
cc11 and MenY cc23 strains
| Mortality is higher (20%) than other forms of IMD )
E-: : ( . ’ o o )
« Gastrointestinal presentation is also frequent (up to
20% of cases)

+ Also associated with MenW cc11 and MenY cc23

strains
\\ J

and is more common in older adults (in particular
involving the knee)

-
« Although uncommon, septic arthritis is well recognised,]

Fig. 1 Atypical presentations of meningococcal infections in older
adults
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especially in the older pilgrim population (with a case fatal-
ity rate in those aged >45 years of 32.6%) [47, 48].

Meningococcal immunization

A broad range of meningococcal vaccines are available (see
additional details in Supplementary material). Four quad-
rivalent conjugate ACWY vaccines are in widespread use,
utilising differing carrier proteins (Table 1) [49, 50]. Protec-
tive antibody responses against vaccine target serogroups
are observed across all age-groups, with robust seroprotec-
tive responses observed in adults >56 years of age [49, 50].
Conjugate quadrivalent vaccines are known to reduce N.
meningitidis colonization and carriage limiting thus the cir-
culation of the bacteria and providing indirect protection to
unvaccinated individuals, although this is observed chiefly in
adolescents and young adults, and the extent towards older
adults remains less clear [51]. Two protein-based MenB
vaccines are also available, targeting subcapsular protein
antigens expressed by pathogenic MenB strains [1, 49, 52].
While these induce seroprotective antibody responses and
reduce serogroup B disease, unlike conjugated ACWY vac-
cines, there is no evidence for reduction in serogroup B car-
riage and any broader indirect effect [52].

Differences in meningococcal vaccine licensing and
approval in different age-groups exist. Only one quadrivalent
ACWY vaccine has broad global approval (i.e., in Europe,
North America, and Australia, and with no upper age
restrictions) [50]. Similarly, one of the two MenB vaccines
is licensed with no upper age restrictions (and only within
Europe and Australia) [53]. Most countries offer infant,
toddler and/or adolescent meningococcal immunization,
although specific vaccines and target age-groups vary widely
across countries, as comprehensively reviewed by Taha et al.
[8]. An illustrative schematic is shown in Supplementary
Fig. 2 with explanatory text in the Supplementary material.
However, routine meningococcal immunization in adults
is not recommended in any national programs; only those
adults considered at high-risk. This usually encompasses
those at greater risk due to immunological impairment
(including people living with HIV), living in specific high-
risk environments (e.g., college dormitory students, military
recruits), and MSM. For these individuals, quadrivalent and
MenB vaccines are offered (even in those countries with-
out established child/adolescent programs). Indeed, these
were often in place prior to age-based recommendations.
Specific eligibility criteria may vary, e.g., HIV infection is
not a specific indication in France [41, 53]. Most countries
recommend vaccination of close contacts of affected indi-
viduals (“index cases”), although such policies also vary in
different countries. However, despite being recommended in
high-risk adults, reported uptake of MenACWY and MenB
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Table 1 Licensed conjugated quadrivalent (serogroups A, C, W, Y) and meningococcal B vaccines
Region Conjugated Quadrivalent vaccine Men B vaccine
MenACWY-CRM  MenACWY-TT MenACWY-TT MenACWY-DT 4CMenB (Bexsero®, MenB-FHbp
(Menveo®, GSK) (Nimenrix®, Pfizer) (MenQuadfi®, (Menactra®, Sanofi) GSK) (Trumenba®,
Sanofi) Pfizer)
Europe >?2 years > 6 weeks > 12 months - >2 months >10 years
United States 2 months—55 years  — >?2 years 10-25 years 10-25 years
Canada 12 months—55 years 12 months—55 years > 12 months 9 months—55 years 2 months-25 years 10-25 years
Australia 12 months—55 years 12 months—55 years > 12 months 9 months—55 years* >2 months > 10 years

Illustrative availability and age-based approvals [49, 50, 53]

4CMenB 4 component meningococcal serogroup B vaccine, CRM Corynebacterium diphtheriae C7 cross-reacting material 197, MenB-FHbp
bivalent factor H binding protein meningococcal serogroup B vaccine, 77 tetanus toxoid

*In Australia, Menactra® is being replaced by MenQuadfi®

vaccines is low in these groups (<30%) [54]. One excep-
tion to less restricted adult meningococcal immunization is
the policy implemented for all Hajj/Umrah pilgrims enter-
ing Saudi Arabia, where adult MenACWY immunization
has been mandatory since 2001 [46, 47]. Although either
polysaccharide or conjugated quadrivalent vaccines can be
used, conjugated MenACWY vaccines are preferred [46,
47]. However, many pilgrims, particularly those travelling
from low- and middle-income countries, receive the polysac-
charide vaccine, and indeed despite being mandatory, some
report no recent MenACWY vaccination [55]. MenB immu-
nization is not currently required for pilgrims.

The changing epidemiology of IMD

Temporal shifts, cyclic epidemiolocal patterns, immuniza-
tion strategies, and the spread of hypervirulent strains have
shaped the current IMD landscape [7, 9]. The introduction
of childhood and adolescent in national routine immuniza-
tion programs, utilising conjugated monovalent MenC and
MenA, quadrivalent MenACWY and more recent protein-
based MenB vaccines, has led to a substantial decline in
IMD in target age-groups [1, 8, 49]. The importance and pri-
macy of childhood and adolescent immunization in national
programs has been emphasized by the success achieved in
strongly reducing IMD incidence rates in these age groups
[1, 7] (Supplementary material and Supplementary Fig. 3).
In adults, MenACWY vaccination for Hajj and Umrah pil-
grims and for residents of the Holy cities, with chemopro-
phylaxis for pilgrims from Sub-Saharan Africa, has also had
great success, with no documented outbreaks since 2001
[46].

In Europe, declines in disease in infants, young children
and adolescents and young adults have been observed since
2011, with a shift in IMD age demographics, whereby case
numbers in those aged >50 years of age have increased

almost two-fold since 2014 [18] (Fig. 2). In 2019, a total of
979 IMD cases in the EU occurred in those aged >50 years,
which accounted for 33.3% of all IMD; with 20% of all
cases involving those >65 years [18]. In the most recent
years prior to the Covid-19 pandemic a significant pro-
portion of all cases in adults >50 years were due to sero-
groups W (21-30%) and Y (20-22%) (Fig. 3). Similar pat-
terns are seen when appraising surveillance data in specific
European countries (Fig. 4 and Supplementary Fig. 4).
In France, between 2012-2017, 19.2% of all IMD cases
involved adults >60 years [41]. In the United Kingdom
(UK), 12.2% of all IMD cases between 2008-2017 involved
adults >50 years (and accounted for over 20% of cases in
2016 and 2017) [43]. Appraising ECDC data for 2019, 31%
of all cases in France involved patients aged >50 years (and
19% in those >65 years); in the UK over 36% of all cases
were in those >50 years, and 22.9% in those >65 years [18].
In this same year the proportion of cases in those >65 years
ranged from 17.5% in Italy to 30.1% in Spain (Fig. 4).
Across all these countries, serogroup W and Y disease was
highly prevalent in older adults [18].

These patterns are also observed in North America and
elsewhere. In the US, CDC data indicates that disease in
adults >65 years of age accounted for 20.1% of all IMD
cases between 2015-2019 (359 cases in this age-group) and
23.5% in 2019 [19]. IMD due to B, C, W, and Y serogroups
was observed in relatively similar proportions (Figs. 2 and
3). In Canada, between 2012-2019, 24.9% of all cases
occurred in older adults >60 years, mainly due to Y, W and
B serogroups [56]. In Australia, 17.7% of all IMD cases
reported between 2016 —2019 involved adults >65 years of
age (194 cases) [20], with the majority caused by serogroups
W and Y (50.0% and 33.0% respectively) (Fig. 3).

The widespread social and individual restrictions imple-
mented to restrict viral transmission and mitigate the impact
of the Covid-19 pandemic was accompanied by often sub-
stantial declines in a wide range of respiratory transmissible
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Fig. 2 Distribution of invasive meningococcal disease case burden in
Europe, the United States and Australia in select age-strata. European
data sourced from the ECDC Surveillance Atlas of Infectious Dis-
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Fig.3 IMD serogroup distribution in older adults (>50 years) in
Europe and those >65 years in the United States and Australia. Euro-
pean data sourced from the ECDC Surveillance Atlas of Infectious

infections, most notably pneumococcal and H. influenzae
infection, but also for IMD [57, 58]. Sharp declines in IMD
case numbers in 2020 were observed in most countries, and
across most age-groups [18-20, 58-61] (Fig. 2). However,
despite reduced case numbers, IMD in older adults remained
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frequent, often with atypical (respiratory) presentations
[2]. There is, as yet, limited data on IMD in the post-pan-
demic setting. Emerging, often preliminary data indicate
that while case numbers remain lower than those observed
prior to the pandemic in all countries, some resurgence in
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Fig.4 The proportion of all 40% 1
IMD cases which involved
those aged >65 years in select
countries in 2019. European
data sourced from the ECDC
Surveillance Atlas of Infectious
Diseases tool [18]. Data for the
United States as reported by
the CDC [19]. Australian data

30% A

United
Kingdom

France

2022 is apparent, and a substantial proportion affects older
adults. In the UK, although IMD burden is still lower than
that observed in 2019/20, increases in case numbers for
2022 compared to 2021 are reported [62]. Although these
are most apparent in younger individuals aged 15-19 years
(predominantly serogroup B), 9% of all IMD cases in 2022
were in those aged 45-64 years and a further 10% in those
aged >65 years (chiefly due to B and W serogroups) [62]. In
France, IMD case numbers have increased from mid-2021
onwards, particularly in the latter half of 2022 [63]. While
again this is most notable in 15-24-year-olds, and which
indeed also exceeded pre-pandemic levels, a marked rebound
in IMD due to Y and W serogroups in adults was also reported
(and in particular in those aged >65 years, which accounted
for 17% of all IMD cases) [63]. In the US, preliminary data
indicates some increase in cases in 2022 compared to that
reported for 2020/21, including IMD due to serogroups C, W
and Y in older adults [64]. In Australia, while case numbers
remain lower than pre-pandemic levels, 30% of cases in 2021
involved adults aged >45 years, and 15% in those >65 years
(predominantly serogroup Y which accounted for 70%) [20].
Although more complete, definitive data are required to evalu-
ate these patterns in the post-Covid setting, it would seem that
disease in older adults continues to be an important factor in
the overall IMD burden in many developed countries.

The impact of IMD in older adults
IMD case-fatality rates in older adults
Mortality is substantially higher in older adults [5]. One

study evaluating IMD in the UK over the 2008—2017 period
reported a case fatality rate of 21.9% in those aged >50 years

sourced from national surveil- 20% A
lance reports [20]
- I
0% - T T T T T T T

United
States

Italy Germany Spain  Netherlands Australia

[43], while another UK analysis (over 2008-2015) reported
fatality rates of up to 22.8% in those aged >65 years [65].
Data from the ECDC show case fatality rates of up to 17.6%
in individuals >50 years in 2019 (Fig. 5), when 49.4% of all
IMD deaths across Europe involved individuals >50 years
(with 29.9% in those aged >65 years) [18]. Rates in spe-
cific countries are even higher; in France, for 2019 the case
fatality rate in individuals >50 years was 26% [18] (Sup-
plementary Fig. S5). While most deaths occur in the acute
phase, later mortality does occur (and mortality may be
underestimated). Indeed, there is increasing interest in the
concept of earlier mortality in adults surviving IMD [66].
These IMD mortality rates may exceed those reported for the
more common vaccine-preventable disease involving older
adults. For example, for adults >65 years hospitalized with
pneumococcal pneumonia, fatality rates of between 10-12%
are reported [67].

IMD sequelae in older adults

Survivors are at risk of developing a wide range of long-
term (and often life-long) physical, neurological and psycho-
logical sequelae of differing severity [6]. Physical sequelae
range from skin necrosis and subsequent scarring requiring
skin grafting to limb amputations (following septicemia).
Patients may also develop or aggravate pre-existing chronic
cardiovascular and renal conditions [6, 68]. Neurologi-
cal impairment is common; mild to severe hearing loss is
reported in 3—-8% of adults [6]. Data on other neurological
sequelae frequently reported in younger children (epilepsy/
seizures, cognitive impairment) are more limited for older
survivors. Psychological sequelae (including depressive and
anxiety disorders) may also be overlooked. While these (and
other psychosocial/behavioural problems e.g., post-traumatic
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Fig.5 Invasive meningococ-
cal disease case fatality rates

in Europe (2011-2021). Data
sourced from the ECDC
Surveillance Atlas of Infectious
Diseases tool [18] 15%
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stress disorder and attention deficit hyperactivity disorder)
are apparent in childhood IMD survivors [6], there are no
data for older adults.

There remains a need to better characterize the impact
of IMD on the psychological wellbeing and broader quality
of life in older adults, and also to quantify the potential loss
of autonomy (“dependency”) following severe infectious
disease episodes, including IMD. As those of working age
may take early retirement and/or invalidity benefits follow-
ing IMD [66, 68], some impact may be expected. Similarly,
while spill-over effects are increasingly recognized, with
often prolonged psychological impact on the parents and
wider family of affected children [69], there are little data for
this in the context of older adult survivors, and the impact on
their partners, adult offspring and others involved in provid-
ing practical and emotional support.

Economic aspects

Vaccine-preventable disease in older adults poses a substan-
tial clinical and economic burden [25]. Data are limited on
the economic impact of IMD in older adults, and there is
a need to quantify this better [70]. However, these may be
substantial, and IMD costs may be higher than other forms
of bacterial meningitis [68]. Direct medical costs are gener-
ally highest in older patients [68, 71]. Cost estimates for the
acute disease phase of IMD in patients >60 years of between
€10,585-16,132 are reported for Germany [72] and between
€13,365-14,965 in France, where the index hospitalization
costs increases significantly with age, and is highest among
those >60 years [68]. Management of complications dur-
ing the initial phase and of subsequent sequelae carries
additional direct costs [68]. While data are rather limited
for complication costs in older adults (and lifetime horizon
expenditure), annual costs of €10,000 are reported [68].
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Indirect societal costs (patient and caregiver productivity
losses, social care packages etc.) add further to the broader
economic burden of IMD in older adults (although there are
scanty data for this).

Together, the high mortality, with the substantial sequelae
in survivors, along with high direct and indirect costs, all
point towards a significant burden of IMD in older adults,
beyond that which may be expected from a more limited per-
spective of prevalence alone (which in itself may be underes-
timated). This said, although IMD in older adults >60 years
constitutes as much as 25% of the overall IMD burden, tak-
ing only into account the low incidence rate in older adults
means that any broader policy may not be cost-effective
under existing cost-effectiveness frameworks. One recent
economic evaluation in Italy examining use of adolescent
MenB vaccination, reported that, even with a relatively
small number of IMD cases in the adolescent population, a
universal MenB vaccination policy would be cost-effective.
In this, much of the benefits are due to substantial direct
and indirect cost savings associated with sequelae, incurred
by a relatively small number of survivors [73]. This points
towards high healthcare and societal costs of sequelae, which
need also apply to older adults.

The importance of meningococcal
vaccination in the older adult population

At present, only older adults considered at high risk due to
immunological impairment are eligible for meningococcal
immunization, and the present focus on predominantly pedi-
atric and adolescent immunization policy recommendations
means that many adults remain at continued risk. In light of
the high prevalence of IMD in older adults and their conse-
quences, we would maintain that current policies and their
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implementation remain inadequate to address the present
imbalance.

As a starting point, in established at-risk adults, reported
uptake of meningococcal vaccines is low and must be
improved [54]. In addition, for pilgrims travelling to Saudi
Arabia, greater use of conjugate MenACWY vaccines would
be welcome [46]. However, we would go further. Menin-
gococcal immunization policies are constantly evolving in
response to local/national epidemiologic changes, risk fac-
tors and new vaccine availability. It can be argued that age-
ing itself is an additional risk factor for IMD, their debili-
tating sequelae and consequences (loss of independence;
decreased quality of life). While the processes underpinning
N. meningitidis acquisition and subsequent development of
IMD in older adults are poorly understood, it may be that
immunosenescence plays a role. The greater risk of IMD in
immunocompromised individuals provides some, albeit indi-
rect evidence for this [41]. The high prevalence of disease
in older adults also provides some support for older age as a
specific risk factor. A more harmonized approach to menin-
gococcal immunization strategies that includes older adults
would seem more equitable and more consistent. While
it could be expected that there is sufficient indirect ‘herd’
protection of the older population provided by adolescent
MenACWY vaccination, there is no clear evidence of this so
far, with the greatest benefit of this seen in adolescents [51].

Our concern is that despite considerable progress in com-
bating IMD in younger individuals through immunization,
older adults are in danger of being left behind in this endeavor.
In their global “Defeating meningitis by 2030 roadmap” the
WHO calls for equitable access to protective vaccines, with
goals of reducing vaccine-preventable bacterial meningitis
cases by 50% and deaths by 70% compared to 2015 levels
[74]. While this chiefly relates to childhood vaccine access
(and in less-developed countries), it may be argued that simi-
lar considerations also apply to older vulnerable populations.
Clearly any expansion of publicly funded meningococcal
immunization policy to include older adults would involve
substantial implementation costs. This presents challenges to
public health agencies, where immunization programs and
wider healthcare funding are under increasing pressure. As
others have reported, there is need for alternative more equi-
table approaches to valuing vaccination of older adults, that
accommodates broader, non-economic benefits (e.g., family
and societal contributions, and spillover effects) to inform and
support such decision-making [75, 76].

Calls to action
The burden of IMD in older adults we describe would seem

to demand greater attention be paid to this issue. There
remains an urgent need to raise awareness amongst all

healthcare professionals (and the general public) of this.
Atypical presentations can incur diagnostic and therapeutic
delay and adversely affect outcomes, and may impact the
accuracy of IMD surveillance and subsequent epidemio-
logical reports. We call for a broader research agenda into
IMD in older adults. Our own initiatives in development
include research into improved protocols to assist diagnosis
and treatment, and we encourage others to pursue studies
to expand the knowledge base and bridge existing knowl-
edge gaps. While most systems report age-demographics,
these are usually within rather broad strata, e.g., >50 years
or >65 years. There remains a need to report such data in
more granular detail to better understand burden and impact
on older age-groups e.g., those over 80 years of age. In turn
this may help determine which older individuals are at great-
est risk (and may benefit most from vaccination). A clearer
understanding of any indirect ‘herd’ protection for older
adults gained from existing immunization programs is a
further research-gap, while additional studies investigating
the impact of older adult vaccination on carriage rates and
any potential broader indirect protective effect on decreased
carriage in children are welcome.

Decision-making requires a greater understanding of
the cost burden of IMD in older adults, and of the broader
impact on survivors in terms of sequelae, loss of autonomy
and poorer quality of life. Studies examining these aspects
are welcome. In addition, increased education on available
vaccines, regardless of reimbursement considerations, is
essential to inform patient choices.
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