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ABSTRACT

Objectives: Invasive meningococcal disease
(IMD) is an uncommon disease known for its
acute phase mortality and long-term sequelae.
The objective was to assess the impact of IMD
on post-discharge mortality risk and depen-
dence on the French state for financial aid.
Methods: A 6-year retrospective analysis in the
national insurance database (SNIIRAM) assessed
mortality in IMD cases (both during acute phase
and post-discharge) and matched controls as
well as benefit claims (i.e., for salary loss com-
pensation [SLC], long-term sickness [ALD] and
complementary health insurance [CMUc]).
Observed survival data were extrapolated to
estimate lifetime life expectancy following IMD.
Results: Between 2012 and 2017, 3532 incident
IMD cases were hospitalised in France (peak
in\2 years and 15–24 year olds), of which
23.3% developed sequelae. With an average
follow-up of 2.8 years, 12.9% of cases vs. 3.2%
of controls died (p\ 0.0001), with significantly

more cases than controls dying both during the
acute phase and post-discharge. Around a third
of these deaths occurred post-discharge.
Extrapolation to lifetime life expectancy esti-
mated that having IMD at any age significantly
reduces life expectancy in survivors of the acute
disease phase, e.g., by around 16 years for cases
aged 0–50 years. IMD cases in France were sig-
nificantly more likely to receive state-funded
SLC (relative risk [RR] 3.9, 95% confidence
interval [95% CI] 2.3–6.4) and ALD benefits (RR
1.85, 95% CI 1.71–2.00).
Conclusions: IMD has a significant impact on
mortality post-discharge, expected to persist
over a lifetime. In addition to long-term
sequelae, the financial burden extends beyond
the healthcare sector. These results highlight
the importance of IMD prevention (e.g.,
vaccination).

PLAIN LANGUAGE SUMMARY

Invasive meningococcal disease (IMD) is an
uncommon disease mainly affecting children,
with severe consequences such as a risk of dying
within hours of symptoms and a risk of devel-
oping long-term conditions affecting health,
learning and ability to work. Little is known of
the risk of dying in survivors after discharge
from hospital or of survivors’ financial support
needs. The French national insurance claims
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database (SNIIRAM) was reviewed for data on
IMD patients hospitalised between 2012 and
2017 and matched controls without IMD. Data,
available following IMD hospitalisation for an
average of around 3 years, were extrapolated to
estimate the lifelong impact of the disease.
Among 3532 hospitalised IMD cases, the study
found that nearly 13% died, of which a third of
deaths occurred post-discharge. The cases who
survived the acute disease phase were also more
likely to require government funds because of
loss of salary or to cover long-term healthcare
costs. In addition to the well-known acute
phase burden of IMD, this study has shown that
there is a long-term effect on risk of dying and
on need for government support. This demon-
strates the importance of prevention, for
example, by vaccination.

Keywords: Invasive meningococcal disease;
Long-term mortality; Financial aid; France

Key Summary Points

Why carry out this study?

Invasive meningococcal disease (IMD) in
an uncommon but severe infectious
disease, primarily affecting young
children and adolescents.

The risk of death in the acute phase and of
long-term disability in survivors of the
acute phase is well recognised.

This study assessed the long-term risk of
death in IMD survivors and their need for
state-provided financial assistance.

What was learned from the study?

Real-world evidence in France over a
6-year period found that 12.9% of IMD
cases died, with a third of deaths
occurring post-discharge. Extrapolation of
survival data over lifetime predicted that
IMD significantly reduces life expectancy
(by 16 years for cases aged 0–50 years old).

IMD survivors in France were nearly four
times more likely to need state-funded
benefits because of loss of salary and
nearly two times more likely to need
benefits to cover healthcare costs for a
long-term disability compared to controls.

IMD has a significant long-term effect on
mortality and places a financial burden on
the state beyond healthcare costs.
Prevention of IMD through vaccination is
of vital importance.

INTRODUCTION

Invasive meningococcal disease (IMD) caused
by Neisseria meningitidis infection is an uncom-
mon but severe disease, typically manifesting as
meningitis and/or septicaemia [1]. The highest
incidence is in the most vulnerable age group of
infants and young children, followed by ado-
lescents [2]. IMD patients can deteriorate
rapidly, leading to high case fatality rates of
8–15% during initial hospitalisation in Euro-
pean countries [3], with higher case fatality
rates in older age groups (15% in young adults
to 30% in 75 year olds [4]) and significant 50%
case fatality rates in untreated cases [5]. In
addition, around 30% of survivors of the acute
phase of the disease are discharged with one or
more sequelae, and 10% with long-term or dis-
abling sequelae, such as hearing loss, cognitive
impairment, skin scars and amputations [6].

Although IMD is uncommon, the disease
burden is high with a long-term impact on the
patient, their family and society [7]. IMD
remains a public health concern, with high
costs to the healthcare system and risks of out-
breaks due to its unpredictable epidemiology
[8–10]. Several European countries recommend
childhood vaccination with vaccines conferring
protection against serogroup B, serogroup C
and/or serogroups ACWY IMD [11, 12]. Of the
five serogroups that cause most disease world-
wide (B/A/C/W/Y), serogroup B currently causes
most cases of IMD in Europe [3], including
France [13].

250 Infect Dis Ther (2022) 11:249–262



The literature on the burden of IMD tends to
focus on acute phase mortality [4] or longer
term medical costs and clinical outcomes [14]
and has, through systematic review [15], iden-
tified a broader range of sequelae in survivors
than previously reported in individual studies.
There is, however, limited research on IMD
survivors beyond the acute phase, in particular
on the risk of death and costs beyond direct
medical costs, such as the need for state finan-
cial aid (e.g., government benefits to help in
case of reduced working ability or to help cover
healthcare costs). The aim of this study, there-
fore, is to fill this gap in the literature.

For rare diseases such as IMD, it is crucial to
use long-term and large data sets to capture
disease impact. In France, the national public
health insurance database (Système National
d’Information Inter Régimes de l’Assurance Mal-
adie-SNIIRAM) set up in 2003 now covers 99% of
the population from birth to death [16] and is,
therefore, an ideal database to use for this
research.

METHODS

Study Design and Population

A 6-year retrospective case-control study was
conducted in the SNIIRAM database. All inci-
dent IMD cases (ICD-10 diagnosis codes A39.0
to A39.9) hospitalised between 1 January 2012
and 31 December 2017 were included and fol-
lowed until their death or the end of the study
period, whichever occurred first. For every IMD
case, three random controls were included,
matched by age (to age when IMD occurred in
the matching case), sex and area of residence
(i.e., by French Department). The selection of
the control group did not require that controls
were hospitalised.

Data Collection

The SNIIRAM database contains anonymised
demographic and healthcare consumption
information on almost 99% of the French pop-
ulation from birth to death. The database

collates reimbursed claims from all health
insurance plans in France, from the national
public and private hospital discharge database
(Programme de Médicalisation des Systèmes d’In-
formation [PMSI]) as well as the outpatient
reimbursed health expenditures database (Don-
nées de consommation inter-régimes [DCIR]) and is
linked to the national death registry. It also
contains information on patients receiving
financial benefits for long-term chronic condi-
tions or to supplement healthcare costs for
people with a low income [16, 17].

For this analysis, demographic data on age at
time of first meningococcal hospitalisation (in-
cident infection), date of death during study
period (if applicable), sex and area of residence
were collected. Hospitalisation data were used
to identify incident IMD cases at their first (in-
dex) hospitalisation, after which cases were
followed prospectively in the database to iden-
tify any long-term IMD complications and
sequelae. Predefined potential IMD sequelae
[18, 19] were identified through their diagnostic
codes, medical procedures or treatments per-
formed in inpatient and outpatient settings. No
serogroup-specific data on IMD cases were
available. Data on three types of state financial
aid (i.e., provided by the government and
beyond the health sector) were collected: salary
loss compensation (SLC) for disability (pension
d’invalidité), exemption from co-payments for
long term/chronic disease (Affection de longue
durée, ALD) and complementary insurance for
people with a low income (Couverture Médicale
Universelle complémentaire-CMUc).

Analyses

Variables were described by sample size and
number of missing values, using mean, standard
deviation, median, minimum and maximum
values for quantitative variables and responses
expressed as percentages for qualitative vari-
ables. The SAS� v9.4.0 software programme
(Cary, NC, USA) was used for data management
and statistical analysis.

From the observed mortality data over the
6-year study period, Kaplan-Meier survival
curves were plotted for IMD cases and controls
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(for IMD cases, the analysis included acute
phase and post-discharge mortality and only
post-discharge mortality in survivors of the
acute phase). The post-discharge survival data
(observed for a maximum of 6 years) were also
extrapolated to estimate life expectancy over
the life course for both IMD survivors and the
matched control group as a comparison, fitted
using flexible parametric survival models [20].
The area under the survival curve was used to
calculate life expectancy for both IMD survivors
and controls.

Risk ratios (RR) were calculated to compare
the number of IMD cases vs. controls receiving
state financial aid (SLC due to disability, ALD
and CMUc).

Compliance with Ethics Guidelines

The study was conducted in accordance with
the Helsinki Declaration of 1964 and later
amendments and relevant international and
French regulatory requirements. Patient data in
the database are anonymised using an irre-
versible double encryption. Access to the
SNIIRAM database is regulated by a Committee
of Expertise for Research, Studies and Evalua-
tions in the field of Health, to which the present
study protocol was submitted for approval.
Since this was a retrospective study of an
anonymised database and had no influence on
patient care, ethics committee approval was not
required. Use of the database for this type of
study is regulated by the French national data
protection agency (Commission Nationale de
l’Informatique et des Libertés), to which the
protocol was submitted for approval.

RESULTS

Over the 6-year study period (2012–2017), there
were 3532 incident cases of IMD hospitalised in
France and they were followed on average for
2.8 ± 1.9 (median 2.8 [range 0–6.0]) years. The
age groups with the highest incidence were
infants and young children (\ 2 years) and
adolescents and young adults (aged
15–24 years), accounting for 22.0% and 19.6%
of IMD cases, respectively (Fig. 1). The median

age of IMD cases was 21 (interquartile range
[IQR] 4–52) years. Among IMD cases, 23.3%
(823) had sequelae reported in the database.
There were 10,596 matched controls without
IMD, followed for 3.1 ± 1.8 (median 3.0 [range
0–6.0]) years.

Observed IMD Mortality Data (SNIIRAM
2012–2017)

During the study period, IMD cases were sig-
nificantly more likely to die than controls (456
IMD deaths [12.9%] vs. 344 [3.2%] in controls,
p\0.0001). IMD is characterised by a severe
acute phase, during which around two-thirds of
IMD deaths occurred, i.e., 8.3% (293/3532) of
cases died during the index hospitalisation. The
remaining approximately one third of IMD
deaths occurred post-discharge during the study
follow-up, i.e., 5.0% (163/3239 survivors of the
acute phase). Among post-discharge deaths,
42.3% (69/163) had IMD sequelae noted in the
database. The overall risk of post-discharge
death during the 6-year observation period was
3.5% (94/2709) among survivors with no
sequelae and 8.4% (69/823) among survivors
with sequelae.

Among 1970 children and young people
(\25 years old) with IMD, there were 110
deaths (5.6%) during index hospitalisation and
115 (5.8%) deaths post-discharge. The distribu-
tion of cases and deaths in this young popula-
tion is presented in Fig. 2.

Two survival curves were plotted for IMD
cases and controls over the 6-year period. The
first shows survival from the incident IMD epi-
sode, with all (acute phase and post-discharge)
deaths, and the second shows post-discharge
survival in those who survived the acute phase
(‘IMD survivors’), with only post-discharge
deaths (Fig. 3).

Both survival curves showed significantly
higher mortality (p\0.0001) in IMD cases vs.
controls, even for the smaller difference in
deaths vs. controls post-discharge. IMD sur-
vivors were estimated to have a shorter life
expectancy of 3.1 months on average vs. con-
trols over the study period (i.e., average follow-
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up 2.8 ± 1.9 years for IMD cases and
3.1 ± 1.8 years for controls).

One year after having IMD, the percentage of
cases still alive was lower for cases who devel-
oped IMD at an older age, from 94.2% still alive
for cases aged\ 25 years to 92.9%
(25–49 years), 81.4% (50–64 years), 81.3%
(65–79 years) and 63.8% ([ 79 years). Kaplan-
Meier survival curves (including acute phase
and post-discharge deaths) by age group
(\25 years, 25–49 years, 50–64 years,

65–79 years and[79 years) confirmed there
was significantly higher mortality in IMD cases
than controls in all age groups (all p\ 0.0001)
and showed even greater differences in deaths
post-discharge in age groups[25 years (see
Supplementary Fig. 1). When considering only
post-discharge survival curves in IMD survivors,
the difference in deaths vs. controls remained
statistically significant for incident IMD cases
occurring at ages between 25 and 79 years old
(p\ 0.0001) (see Supplementary Fig. 2). Overall,
after surviving the acute phase, IMD survivors
of any age had an increased risk of death vs.
controls (hazard rate [HR] 1.8 [95% confidence
interval (95% CI) 1.5; 2.2]). Figure 4 shows the
highest observed HRs for post-discharge death
in IMD survivors vs. controls were for ages
between 25 and 60 years.

Extrapolation of 6-Year Observed Data
to Lifetime Life Expectancy

After excluding cases who died during the index
hospitalisation and their matched controls (as
well as 43 remaining controls with a date of end
of follow-up [death] prior to the date of

Fig. 1 IMD cases (all serogroups) over the study period by age group. N number

Fig. 2 Distribution of IMD cases and deaths (%) (acute
phase ? post-discharge) aged\ 25 years
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inclusion [i.e., date of IMD diagnosis of their
matched case]), there were 3239 IMD survivors
and 9671 controls (total sample size of 12,910)
for the extrapolation analysis.

Figure 5 shows the extrapolated survival
curves for IMD survivors and controls. Figure 6
gives a visual presentation of expected life
expectancy at age of IMD for the IMD survivors
and matched controls. For example,
infants\ 1 year with IMD who survived the
acute phase of disease were predicted to live to

62.0 years on average compared to 79.3 years
for controls.

Need for State Financial Aid

In France, a disability pension is paid to people
to compensate for salary loss (SLC) due to a
reduced working capacity as a result of an illness
or accident of non-occupational origin. IMD
cases were significantly more likely to receive a
disability pension than controls (1.0% of cases
vs. 0.3% of controls, relative risk [RR] 3.9 [95%

Fig. 3 Survival curves for IMD cases and controls a from IMD episode in total population, b post-discharge in IMD
survivors

Fig. 4 Hazard rates (HR) for post-discharge death in IMD survivors vs. controls, by age group at infection. HR hazard rate,
IMD invasive meningococcal disease
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CI 2.3; 6.4]) and at a lower average age than
controls (44.3 years [standard deviation (SD)
11.2] vs. 51.2 years [SD 7.6]) (Table 1).

People with a long-term disease in France
can benefit from exemption from co-payments
for care and treatment related to the condition
(ALD benefit), renewable every 5 years as appli-
cable. IMD survivors were significantly more

likely to receive ALD benefits compared with
controls (6.9% of cases vs. 3.7% of controls, RR
1.85 [95% CI 1.71; 2.00]) (Table 1). Among
those without pre-existing ALD benefits, 8.9%
of IMD cases vs. 4.3% of controls claimed new

Fig. 5 Extrapolated lifetime survival curves and life
expectancy by age at IMD

Fig. 6 Extrapolated lifetime life expectancy by age at IMD.
IMD invasive meningococcal disease

Table 1 Demands for state financial aid in IMD cases and
controls during acute phase and post-discharge

IMD cases
N = 3532

Controls
N = 10,590

RR (95%
CI)
*stat sig

Disability pension (SLC)

All ages 35 (0.99%) 27 (0.25%) 3.9 (2.3;

6.4)*

\ 25 years 3 0 89.9 (0.2;

49,014.8)

C 25 years 32 27 3.6 (2.1;

5.9)*

Long-term sickness (ALD)

All ages 243 (6.88%) 394 (3.72%) 1.85 (1.71;

2.00)*

\ 25 years 108 84 3.85 (2.89;

5.14)*

C 25 years 135 310 1.31 (1.06;

1.60)*

Complementary health insurance (CMUc)

All ages 195 (5.52%) 588 (5.55%) 0.99 (0.84;

1.17)

\ 25 years 119 438 0.80 (0.65;

0.99)

C 25 years 76 150 1.55 (1.17;

2.05)*

Note: Pre-existing state benefits (prior to IMD): 76 (2.2%)
of cases and 113 (1.1%) of controls received SLC; 814
(23.0%) of cases and 1384 (13.1%) of controls received
ALD; 587 (16.6%) of cases and 1114 (10.5%) of controls
received CMUc
95%CI 95% confidence interval, ALD affection de longue
durée, CMUc Couverture Médicale Universelle
complémentaire; IMD invasive meningococcal disease, RR
relative risk, SLC salary loss compensation (Pension
d’invalidité)
* indicates statistically significant values
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ALD benefits following IMD hospitalisation.
The majority of ALD beneficiaries in the control
group were aged 60 years and older (53.0% vs.
28.4% among IMD cases), while 44.4% of IMD
cases with ALD benefits were aged under
25 years (vs. 21.3% among controls). Of the 30
conditions for which ALD was claimed, six
conditions were reported significantly more
frequently in IMD cases vs. controls: haemo-
philia and haemostasis disorders (RR 33.0 [4.3;
255.4]), severe primary immune deficiency/hu-
man immunodeficiency virus (RR 8.5 [3.4;
21.5]), debilitating stroke (RR 2.0 [1.2; 3.3]),
polyarteritis nodosa/systemic lupus erythe-
matosus/generalised progressive scleroderma
(RR 3.5 [1.2; 10.4]), chronic active liver disease
and cirrhosis (RR 2.5 [1.1; 5.8]) and severe
neurological and muscular disorders (including
myopathy)/severe epilepsy (RR 1.9 [1.0; 3.9]).

People with a low income who are not cov-
ered by a compulsory health insurance
scheme are eligible for the free complementary
health insurance plan (CMUc), which reim-
burses medical expenses. Receiving CMUc ben-
efits is an indicator of socioeconomic status.
Prior to having IMD, 17.0% of cases vs. 10.5% of
controls had claimed CMUc benefits
(p\ 0.0001). The proportion of CMUc benefi-
ciaries among cases was significantly higher for
all age groups, except for 15–24 year olds, where
there was no difference between cases and
controls. During the index IMD hospitalisation,
1.7% of cases vs. 0.2% of controls made a first
CMUc claim compared with 4.0% of cases vs.
5.4% of controls during the post-discharge fol-
low-up (of maximum 6 years). Thus, the overall
differences in CMUc benefits due to IMD in the
acute and post-discharge phase during the study
period were not significantly different for cases
and controls (RR 0.99 [95% CI 0.84; 1.17])
(Table 1).

DISCUSSION

The study used the SNIIRAM database to
examine the impact of IMD on long-term mor-
tality and the need for financial support from
the state in France. The study showed that IMD
not only has high mortality (8.3%) during the

acute phase, but also leads to a significantly
reduced life expectancy following the index
hospitalisation during the whole study period,
regardless of age at which IMD occurred and
regardless of sequelae. Overall, sequelae were
identified in the database in 23.3% of IMD
cases, and the risk of post-discharge death in
IMD cases was observed to be[2.5 times higher
in IMD cases with sequelae than in those with-
out sequelae (8.4% vs. 3.5%). The observed risk
of sequelae in nearly a quarter of cases was
comparable to findings from a German database
study [14] but lower than expected ranges were
reported by a case-control study in the UK (e.g.,
up to 30% in IMD survivors [6]), possibly
because less visible sequelae (e.g., psychological
and behavioural sequelae) may not be com-
pletely captured in the database or within the
study time frame. The impact on life expectancy
was expected to persist, e.g., IMD occurring at
ages 0–50 years was predicted to reduce lifetime
life expectancy in survivors by around 16 years
compared with controls. The study also found
that IMD survivors are more likely to claim
financial state support in terms of a disability
pension (RR 3.9 [95% CI 2.3; 6.4]) and exemp-
tion from healthcare costs due a long-term
condition (RR 1.85 [95% CI 1.71; 2.00]), though
the increase in demand for CMUc benefits fol-
lowing IMD was comparable to that in controls
(RR 0.99 [95% CI 0.84; 1.17]). The SNIIRAM
database provides an extensive and rich source
of information covering nearly the entire
French population, and the use of real-world
data provides strong evidence highlighting the
long-term burden and economic impact of IMD
in France.

Only three studies were identified in the lit-
erature assessing long-term mortality risk in
IMD survivors; all were based on a national
Danish database [21–23]. The first Danish study,
published in 1986, on 782 IMD survivors diag-
nosed between 1966 and 1976 found that 11%
died during the 4–15-year follow-up, and late
excess mortality rates (particularly in the first
2 years following meningitis) were significantly
higher compared to matched expected general
population rates, especially among 30–60 year
olds and more severe initial cases [21]. The
second Danish study of 2902 childhood/
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adolescent IMD cases diagnosed from 1980 to
2009 followed 1028 patients until the age of 30.
Although patient mortality immediately fol-
lowing disease diagnosis was higher in cases
than controls, the study found comparable
mortality rates in survivors until age 30 who
received adequate treatment compared to the
general population [22]. A third Danish study of
all 4909 IMD patients diagnosed from 1977 to
2006 and alive 1 year later found that IMD is
associated with a small but increased risk of
long-term mortality compared to the general
population (mortality rate ratio MRR 1.27 [95%
CI 1.12–1.45]). The increased mortality risk
persisted throughout the study period with no
differences by sex and was statistically signifi-
cant by age group for patients aged[30 years at
IMD diagnosis. The risk of death in IMD sur-
vivors was especially high due to nervous sys-
tem diseases (MRR 3.57 [95% CI 1.82–7.00])
[23]. The two Danish studies on all age IMD
cases found an increased long-term mortality
risk, especially in cases where IMD occurred
after age 30 years. This is similar to the observed
data with up to 6-years follow-up in the
SNIIRAM database, showing that post-discharge
survival in IMD survivors remained statistically
significantly lower than in controls for incident
IMD cases occurring at ages between 25 and
79 years old (p\ 0.0001). The Danish study in
IMD cases occurring in childhood or adoles-
cence observed no long-term increased mortal-
ity risk when cases were observed until age
30 years. However, our analysis found that in
France, when data were extrapolated to lifetime,
there was a significant impact on life expec-
tancy, even for childhood and adolescent cases,
which was similar to the reduction predicted for
older cases.

A database analysis in Germany assessed
long-term IMD direct medical costs with up to
7-year follow-up, but only assessed IMD mor-
tality with up to 1-year follow-up. IMD cases
diagnosed from 2009 to 2015 and controls were
assessed from the German database InGef
(which includes inpatient and outpatient claims
data from statutory health insurance providers).
The 30-day mortality was 4.3% (95% CI
1.7–8.6%) and the 1-year mortality was 5.5%
(95% CI 2.5–10.2%) [14]. These mortality data

are likely primarily due to mortality in the acute
phase (i.e., index hospitalisation), given the
time frame of evaluation, but are somewhat
lower than the acute phase mortality in France
in our analysis (although our point estimate of
8.3% falls within the German 95% confidence
intervals).

The long-term economic cost of IMD to the
healthcare system, society or patients has not
been widely studied in France. A recent publi-
cation estimated the lifetime cost based on two
realistic hypothetical cases of severe IMD in
young children. They estimated the life expec-
tancy to be 77 years and 55 years, respectively,
and the lifetime costs to range from €768,875 to
€1,480,546 for the first case and from
€1,924,475 to €2,267,251 for the second case in
France. These cases highlighted that the out-
comes of IMD can be diverse and result in a
lifelong need for healthcare provision, in addi-
tion to having an impact on education and
work [10]. A healthcare cost analysis based on
this data set has recently been published and
confirms the high medical costs of IMD in
France, i.e., with a mean cost for the index
hospitalisation of €11,256 and subsequent
annual costs increasing to over €20,000 in cases
with two or more sequelae [24]. Our study has
shown that even during the maximum 6-year
observed follow-up period, IMD cases are much
more likely to claim state benefits to cover long-
term healthcare costs or lost income due to
disability, and from a younger average age than
the general population. This suggests that IMD
cases may be dependent on the state for finan-
cial aid for a longer period than the general
population, as several IMD sequelae can persist
over the patients’ lifetime.

Our analysis showed that having a long-term
illness and receiving ALD benefits was a risk
factor for IMD hospitalisation. Following IMD
hospitalisation, among those without previous
ALD benefits, however, 8.9% of IMD cases vs.
4.3% of controls claimed new ALD benefits. The
database analysis shows that six ALDs were sig-
nificantly more frequently claimed among IMD
cases than controls; however, it is not possible
from the data available to determine whether
these were related to worsening of pre-existing
conditions or to the development of new
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conditions following IMD. Some sequelae, such
as severe neurological and muscular disorders
(including myopathy and severe epilepsy), are
already well-recognised sequelae of IMD. A
recent systematic review of the literature has
identified a range of 44 different sequelae that
can result following IMD [25], including physi-
cal, neurological and psychological or beha-
vioural conditions [15].

A previously published analysis of this IMD
data set found that, prior to IMD, there was an
association between CMUc status (an indicator
of lower socioeconomic status) and risk of IMD
hospitalisation, particularly in infants (OR 4.81
[95% CI 3.56; 6.49]) and cases aged [ 25 years
[17]. This analysis found an increase in new
claims for CMUc during or following IMD
(around 5.5%); however, this was comparable to
the control group. The previously published risk
factor analysis [17] suggests that IMD hospital-
isation is associated with medical risk factors as
well as socioeconomic risk factors (such as
CMUc status, which is a proxy for low income).
The present analysis has shown that following
IMD, survivors are also at increased risk of fur-
ther health inequity such as having a greater
likelihood of requiring ALD and SLC support. A
national immunization programme (NIP)
ensures access to vaccination for all, regardless
of socioeconomic status or other medical risk
factors. An NIP can, therefore, help to reduce
socioeconomic inequity that increases the risk
of disease and health inequity that follows dis-
ease in all vulnerable populations. This study
shows that the financial impact of IMD goes
beyond costs to the healthcare sector, and sug-
gests that to fully capture the benefits and cost-
effectiveness of preventive interventions (e.g.,
meningococcal vaccinations) a broad societal
perspective is needed.

The findings of this study may have impli-
cations for other European countries where IMD
follows similar trends (i.e., comparative inci-
dence, serogroup B predominance, cases occur-
ring in all age groups with a higher incidence in
infants, children and adolescents [3]) and where
countries have a welfare or social security sys-
tem in place to ensure patients with chronic
and long-term conditions are cared for [26, 27],
e.g., as in France, with the provision of state

financial aid. Real-world databases may be
increasingly used to understand the impact of
IMD, or other uncommon diseases, and as a
useful resource to inform policymakers regard-
ing future needs of patients with long-term
conditions.

The extensive disease burden of IMD and
long-lasting economic consequences highlight
the need for disease prevention. As the pre-
dominant serogroups causing disease continue
to change, IMD epidemiology remains unpre-
dictable. As such, disease prevention through
vaccination should be continued and even
extended to ensure the prevention of IMD from
all serogroups. The SNIIRAM database did not
report IMD cases by the Neisseria meningitidis
serogroup causing disease. During the study
period (2012–2017) and for at least the last
30 years in France, serogroup B has been the
predominant serogroup causing IMD. In 2017,
serogroup B infection was responsible for
around 60% of IMD in infants and children
aged 1–14 years, around 40% of IMD in adoles-
cents and adults and around 20% of IMD in
adults aged C 60 years [28].

A key strength of this study was being able to
capture a large IMD population with sufficient
details regarding all contacts with health ser-
vices, in and out of hospital, providing previ-
ously unknown data in France on the lifetime
impact of IMD. This study also had several
limitations. The full duration of follow-up of
the study was 6 years (from 2012 to 2017), and
the average duration of follow-up for the sur-
vival analysis was around 3 (range 1 to 6) years,
as patients were followed until death or the
study end date. This is a limitation of the
analysis, and having a longer follow-up period
would be beneficial in future studies to add
more certainty to the long-term survival
extrapolation findings. IMD cases were identi-
fied by ICD-10 codes, which do not provide
additional details, e.g., about serogroup of IMD;
therefore, all serogroups of IMD cases were
analysed as a whole. IMD cases who were not
hospitalised were also not captured by the
database, e.g., cases who may have died before
seeking medical care. IMD is known to result in
a high mortality rate within 24 h of first symp-
toms [29]. While this study was able to capture
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financial claims due to long-term health con-
ditions following IMD, the full economic
impact of the disease over the lifetime of the
patient is much broader, affecting non-health
areas not covered in the database, e.g., the
impact on ability to work of patients and their
family members who may have to care for them
on the long term. Even so, the findings clearly
show that IMD burden goes beyond the
healthcare sector and warrants a broader soci-
etal perspective when assessing the benefits of
preventive interventions.

CONCLUSION

IMD is known to result in high mortality during
the acute phase, but has now also been shown
to lead to reduced life expectancy following the
index hospitalisation, regardless of sequelae.
Furthermore, this impact is likely to persist, as
shown in the extrapolation of mortality over
lifetime. In France, the financial burden extends
beyond the healthcare sector, as IMD survivors
are also more likely to claim state financial
support, such as salary loss compensation due
to disability and benefits to cover healthcare
costs for a long-term condition. The broad
burden of IMD highlights the need for preven-
tion of the disease, for example, through vac-
cination programmes.
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