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ABSTRACT

Invasive meningococcal disease (IMD) carries a high burden in terms of mortality, long-term complications,
and cost, which can be significantly reduced by vaccination. The objectives of this case-control study were to
document the care pathways of patients with IMD before, during, and after hospitalization and to assess in-
hospital complications and long-term sequelae. Cases consisted of all people hospitalized for IMD in France
between 2012 and 2017. Controls were matched by age, gender, and district of residence. Data were
extracted from the French national public health insurance database on demographics, hospitalizations,
mortality and potential sequelae of IMD. Overall, 3,532 cases and 10,590 controls were assessed and followed
up for 2.8 years (median). During hospitalization, 1,577 cases (44.6%) stayed in an intensive care unit, 1,238
(35.1%) required mechanical ventilation, and 43 (1.2%) underwent amputation; 293 cases (8.3%) died in
hospital and a further 163 (4.6%) died following discharge; 823 cases (25.4% of survivors) presented >1
sequela and 298 (9.2%) presented multiple sequelae. The most frequently documented sequelae were
epilepsy (N = 205; 5.8%), anxiety (N = 196; 5.5%), and severe neurological disorders (N = 193; 5.5%). All
individual sequelae were significantly more frequent (p < .0001) in cases than controls. Hearing/visual
impairment and communication problems were conditions that presented the highest risk for cases
compared to controls (risk ratios >20 in all cases). In conclusion, this study highlights the importance of
providing optimal medical care for patients with IMD, of minimizing the delay before hospitalization, and of
effective prevention through comprehensive vaccination programs.
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THIS STUDY HIGHLIGHTS

e Benefits of providing optimal medical care for IMD patients.

® |Importance of minimising the delay before hospitalization.

® |IMD remains challenging to diagnose, and vaccination is the most efficient way to prevent the disease
and its complications.

Introduction around 6-8%,” with additional deaths occurring in the years

Colonization of the nasopharynx by Neisseria meningitidis affects
around 10% of the general population in Europe. In rare cases, the
bacterium can cause invasive meningococcal disease (IMD), particu-
larly in infants and young children <2 years old and in adolescents/
young adults." In Europe, the incidence of IMD has fallen over the
last two decades following the introduction of comprehensive vacci-
nation programs in many countries* and is currently around 1/
100,000 per annum.” In France, around 600 new cases of all ages
are reported each year.*” The principal age groups affected are young
children <5 years of age (around 30% of all cases, of which two-thirds
were due to serogroup B), adolescents and young adults aged 16-
24 years (around 18% of cases; 40% due to serogroup B and 20% to
serogroup C) and older adults aged >65 years (around 16% of cases,
with serogroup Y accounting for a third of these cases).®

Although IMD is uncommon, it carries a substantial bur-
den, which could be reduced by more widespread vaccination,
particularly in individuals who are at particular risk. In Europe,
the case fatality rate during hospitalization is estimated to be

following the initial hospitalization due to long-term
complications.'’ The most common clinical manifestations of
IMD are meningitis and sepsis, the latter frequently presenting
as  purpura fulminans, sometimes requiring limb
amputation.”'® Following IMD episodes, serious sequelae
may remain or develop that require lifetime management,'®"!
of which the most frequent are hearing impairment, cognitive
impairment, and psychological problems.'’ In addition, irre-
versible skin scarrng may occur following purpura
fulminans.>'?

Given the potentially high long-term burden of IMD, timely
hospitalization and appropriate care are essential. Although prac-
tice guidelines on the management of IMD are available in many
countries, including France,'® data on how patients with IMD are
actually managed in everyday practice are limited."* In particular,
it would be useful to document how many patients are hospitalized
in a timely manner, how many need to be managed in an intensive
care facility, and how many need long-term care for sequelae.
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A better understanding of patient management may help identify
aspects of care, which could be optimized with the aim of limiting
the burden of disease. In particular, this information could be of
use for public health institutions to justify the interest of routine
meningococcal vaccination programs.

Large health insurance databases represent a useful
source for collecting data on the clinical management of
rare diseases such as IMD. A number of such studies have
been performed previously in a number of countries,
including Belgium, Germany, France, Spain, and the
United States.'>™>*> The national public health insurance
database in France (Systéme National des données de
santé; SNDS) is of particular interest in this respect as it
covers >99% of the country’s population (>66 million indi-
viduals) and thus allows exhaustive inclusion of all IMD
cases in the country. We have previously extracted data on
all patients hospitalized for IMD in France over a six-year
period (2012-2017), and reported on their characteristics
and risk profiles, and the associated economic burden.”*?
In the present study, we have documented the care path-
ways of these patients before, during, and after hospitaliza-
tion for the initial episode, including an assessment of the
burden of in-hospital stays and complications requiring
acute management during the index stay, as well as long-
term sequelae of IMD.

Materials and methods

This observational case—control study was conducted using the SNDS
national health insurance database in France. The design and meth-
odology of the study have been described in detail previously.” All
individuals hospitalized between January 1, 2012 and December 31,
2017 with a diagnosis of acute IMD were defined as cases. The case
definition was based solely on the presence of an ICD-10 code for
IMD (A39.0 to A39.9; meningococcal infection) in the hospital dis-
charge summary. This code explicitly requires the pathogen to have
been formally isolated and identified. However, the results of the
laboratory tests themselves (such as the serogroup) are not documen-
ted in the SNDS database. The index date for a case was defined as the
date of first hospital admission. Three control subjects without IMD,
randomly selected in the SNDS database, were matched to each case
with respect to age, gender, and administrative district of residence.
Controls were not required to have been hospitalized, although this
may have been the case by chance. The index date for a case was
attributed to their matched controls. Cases and controls were fol-
lowed until December 31, 2017 (or death). Different steps of the care
pathway were documented, including physician consultation prior to
hospitalization, the hospital stay, complications requiring acute man-
agement during the index stay, mortality, hospital readmissions, long-
term sequelae, and recurrence.

Data collection

Data were extracted from the SNDS database on demographics,
hospitalizations, physician consultations, mortality, and potential
sequelae of IMD (as well as the same medical conditions in controls).
Demographic information was limited to age, gender, and munici-
pality of residence.

Hospitalizations

Information in the SNDS database was available for stays in
general hospitals, rehabilitation centers, long-term facilities
and psychiatric units. In this context, general hospitals corre-
spond to hospitals dedicated to short-term stays in medical,
surgical, or obstetric wards. In addition, home care coordi-
nated from the hospital was also documented.

The route of admission to a general hospital (referral by
a general practitioner, visit to an emergency department, or
transfer from another care facility) was documented. However,
the specific reason for any consultation to a general practi-
tioner or to an emergency department prior to hospitalization
was not documented in the SNDS database. Any physician
consultations in the three days prior to admission were identi-
fied. The period of three days was chosen, since this is the
period over which symptoms of IMD can be expected to
develop in the majority of patients.**

For the index hospitalization for IMD, the total length of stay
was determined. If the patient had been hospitalized consecutively
in different structures (e.g. an intensive care unit, a medical ward
and a rehabilitation center), these stays were aggregated to deter-
mine the total stay duration. Certain procedures were considered
as markers of the severity of the IMD episode (intensive care/
reanimation, mechanical ventilation, catecholamine administra-
tion, dialysis, or amputation) and these were analyzed individually.

If the patient was discharged to another care structure (e.g.
a rehabilitation center), this was also documented, together with
the duration of stay in the relay care structure.

All hospitalizations occurring during the follow-up period were
identified. The reason for hospitalization was identified from the
hospital discharge summary. For cases, subsequent hospitalizations
with an ICD-10-CM (International Classification of Diseases, Tenth
Revision, Clinical Modification) diagnostic code for a meningococcal
infection (A39.0 to A39.9) mentioned as the primary diagnosis on the
hospital discharge summary, and occurring at least 30 days after the
index hospitalization were considered to represent recurrence.
A threshold of 30 days was applied in order to ensure that the
hospitalization was probably related to a recurrent infection, rather
than rehospitalization from the original episode, as previously
described.” In addition, hospitalizations for non-meningococcal bac-
terial meningitis were identified.

Mortality

Any deaths occurring during the follow-up period were docu-
mented for all cases and controls. The date, but not the cause of
death, was available.

Sequelae

Certain medical conditions considered as potential sequelae of
IMD were identified in the SNDS database for both cases and
controls. Sequelae considered included immediate and irrever-
sible events, such as amputation, which were identified from
hospital discharge records and sequelae appearing and identi-
fied after discharge. The type of sequelae considered here
followed the findings of a previous case-control study per-
formed in the United Kingdom (UK) National



Meningococcal Registry”® and those of a Canadian meningo-
coccal surveillance program,”” completed by other sequelae
reported in a recent systematic review of the subject.'’
Sequelae were identified in the SNDS database from hospital
discharge summaries by the corresponding ICD-10-CM diag-
nostic code or CCAM (Classification Commune des Actes
Médicaux) - a procedure code from the common classification
for medical procedures used in France since 2005 - or from
records of medication delivery in a community pharmacy. The
disease classification system developed in 2015 by the French
national general health insurance fund was used to assign these
medical conditions.?® From the items extracted, sequelae
potentially related to IMD were identified specifically using
a previously described algorithm.>® A list of codes used to
identify individual sequelae is provided in Supplementary
Table S1.

The conventions used in order to distinguish sequelae from
comorbidities rely on the timing of the first occurrence with
respect to the index hospitalization.”” To qualify as sequelae,
post-discharge medical conditions had to be documented in
the SNDS database for the first time at a date after the index
date. The SNDS database was searched during the year preced-
ing the index IMD event to ensure that they were not already
present before the event. This first date at which they were
documented was in general required to fall within the three
months following the index hospitalization, except for motor
deficits (6 months), epilepsy and mental retardation
(18 months), or bilateral hearing loss, severe hearing loss
requiring a cochlear implant, and attention deficit hyperactiv-
ity disorder (36 months), for which a broader time window was
permitted. These conditions were also identified in the control
group if they were documented for the first time following the
matched index date.

Statistical analysis

Data are presented by three age classes (<25 years, 25-59 years
and 260 years). The <25 year age class was selected as it
corresponds to the age group for whom MenC vaccination is
available in France and the =60 year age class as this is
a population at risk for IMD, with a high case fatality rate,
and in whom the incidence of IMD is rising in France.” In
addition, for certain variables, the <25 age group was broken
down into five narrower age groups (<1 year, 1-4 years, 5-
14 years, 15-19 years and 20-24 years).

Continuous variables are presented as mean values + stan-
dard deviations (SD) or median values with their interquartile
range (IQR), and compared between cases and controls using
the Wilcoxon test. Categorical variables are presented as fre-
quency counts and percentages, and compared between cases
and controls using the chi-squared (xz) test or Fisher’s exact
test as appropriate. The relative risks of rehospitalization,
recurrence, or developing sequelae in cases and controls were
expressed as risk ratios (RRs) with their 95% confidence inter-
vals (CIs). Mortality rates in cases and controls were compared
using Kaplan-Meier actuarial survival analysis and compared
using the logrank test. The findings are presented graphically as
Forest plots. All statistical analyses were performed using SAS
software, Version 9.5 (SAS Institute, Inc., Cary, NC, USA).
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Ethics

The study was conducted in accordance with the Helsinki
Declaration of 1964, and its later amendments, as well as with relevant
international and French regulatory requirements. Patient data on the
SNDS database was anonymized using irreversible double encryp-
tion. Access to the SNDS is regulated by a Committee of Expertise for
Research, Studies and Evaluations in the field of Health (CESREES),
to which the present study protocol was submitted for approval. Since
this study was retrospective on an anonymized database and had no
influence on patient care, ethics committee approval was not
required. The use of the SNDS database for this type of study is
regulated by the French national data protection agency
(Commission Nationale de I'Informatique et des Libertés), which
approved the protocol.

Results
Study population

Opverall, 3,532 individuals were hospitalized for IMD between 2012
and 2017 and constituted the cases. The mean age of the cases was
29.7 + 27.6 years (median: 21 years [IQR: 4-52]). The breakdown
of the study population is presented by age class in Table 1.
Around half of the cases were male (N = 1,849; 52.3%). Overall,
3,530 cases were matched in a 1 to 3 ratio to 10,590 controls. The
remaining two cases could not be matched but were retained in the
analysis. Cases were followed up for a mean duration of
2.8 + 1.9 years (median: 2.8 years [IQR: 0-6.0 years]) and controls
for 3.0 + 1.9 years (median: 3.0 years [IQR: 0-6.0 years]).

Index hospitalization

Over the three days prior to hospital admission, 995 cases
(28.2%) had consulted at least one community- or hospital-
based physician, principally a general practitioner
(Figure 1). Of these, 230 cases (6.5%) made an emergency
department visit in the three days prior to hospitalization
and then returned home before being hospitalized defini-
tively. Overall, 2,628 cases (74.4%) were hospitalized
directly from the emergency department. Of the remaining
904 patients who did not transit by the emergency depart-
ment, 779 (21.1%) were hospitalized directly from home.
The mean duration of the index hospitalization for the cases
was 14.8 days (median: 8 days; IQR: 6-14 days). However, the
stay duration was highly dependent on age, with cases aged
260 years being hospitalized for a mean duration of 25 days
(Table 2). On the other hand, the stay duration was similar for
infants, older children and young adults (Table 3). During the
index hospitalization, nearly half the cases, regardless of age,

Table 1. Age distribution of the cases.

Age class N

<1 year 470 (13.3%)
1-4 years 467 (13.2%)
5-14 years 342 (9.7%)
15-19 years 388 (11.0%)
20-24 years 303 (8.6%)
<25 years 1,970 (55.8%)

885 (25.1%)
677 (19.2%)

25-59 years
>60 years old
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Figure 1. Patient trajectory for management of invasive meningococcal disease. For one patient, discharge destination was unknown.
Table 2. Characteristics of index hospitalization stay, by age group.
<25 years 25-59 years >60 years All ages
N =1,970 N =885 N =677 N =3,532
Duration of index hospitalization 14.8 + 239
(mean = SD; days) 10.0 £ 13.7 17.5+£29.2 254 + 336 8 [6-14]
(median [IQR]) 7 [5-10] 9 [6-17] 15 [8-29]
Stay in ICU/reanimation unit (n, %) 858 (43.6%) 447 (50.5%) 272 (40.2%) 1,577 (44.6%)
Stay in intensive care (n, %) 346 (17.6%) 170 (19.2%) 96 (14.2%) 612 (17.3%)

(
Stay in reanimation unit (n, %) 539 (27.4%)
In-hospital procedures
Mechanical ventilation
Catecholamine administration
Amputation

Dialysis

588 (29.8%)
364 (18.5%)
25 (1.3%)
10 (0.5%)

(
303 (34.2%) 201 (29.7%) 1,043 (29.5%)
1,238 (35.1%)
713 (20.2%)
43 (1.2%)
25 (0.7%)

362 (40.9%)
201 (22.7%)
15 (1.7%)
9 (1.0%)

288 (42.5%)
148 (21.9%)
3 (0.4%)
6 (0.9%)

N: number of cases; ICU: intensive care unit; IQR: interquartile range; SD: standard deviation.

required a stay in an intensive care unit or a reanimation unit.
The median length of stay in a reanimation unit was
2.8 + 7.6 days. Mechanical ventilation was required in 1,238
patients (35.1%), principally in adults, and around one-fifth
required catecholamine administration. In addition, 43 cases
(1.2%) had limbs amputated during the index hospitalization.

When discharged, the majority of cases (84.2%) went
home directly (Figure 1). In addition, 102 (2.9%) were
discharged to a rehabilitation facility, where they stayed
for a mean duration of 15.6 days.

Mortality

Over the follow-up period, 456 (12.9%) cases died. Almost two-
thirds of these deaths (293 deaths; 8.3% of cases and 64.3% of all
deaths) occurred during the index hospitalization. In-hospital
mortality was no higher in infants than in older children and
young adults (Table 3). A further 163 (4.6%) died following
discharge from the index hospitalization. For the 10,590 con-
trols, 344 patients (3.2%) died over the follow-up period. The
mortality rate was compared between cases who survived the



index hospitalization and their controls, and found to be sig-
nificantly higher in cases compared to controls, with a hazard
ratio (HR) of 1.6 [95% CI: 1.3-1.9; p < .0001). The mortality risk
was highest for the 25-59-year age group, with a nearly five-fold
elevation risk compared to controls (hazard ratio: 4.9 [95% CI:
3.1-7.7]). In contrast, no significant elevation in mortality risk
was observed in the age group <25 years. The variation of this
hazard ratio with age is presented in Figure 2.

Hospitalizations during the follow-up period

During the follow-up period, 1,448 cases (41%) were read-
mitted to a general hospital at least once, whatever the reason
(Table 4). Although the proportion of patients hospitalized
during the follow-up period did not differ significantly
between cases and controls, cases were hospitalized more
frequently (mean number of hospitalizations: 4.9 + 14.1 in
cases and 2.8 + 6.4 in controls; p < .0001) and for longer
durations (total ~ duration  of  hospitalizations:
15.0 £ 52.2 days in cases and 7.7 £ 19.8 days in controls;
p < .0001). In addition, cases were more frequently read-
mitted to rehabilitation facilities and more frequently
required home care (Table 2).

Sequelae

For the 3,239 patients who survived the index hospitalization,
sequelae were documented in 823 cases (25.4%), of whom 298
cases (9.2%) presented multiple sequelae (Table 5). In compar-
ison, these same medical conditions were documented in 6.5% of
controls (N = 687), with 0.9% presenting more than one condi-
tion (N = 96). In cases, the most frequently documented seque-
lae, reported in between 5% and 6% of cases, were epilepsy,
anxiety, and severe neurological disorders (Figure 3).

All types of sequelae were significantly more frequent
(p < 0.0001) in cases than controls, with RRs ranging from
2.2 to 69.0 (Figure 3). Those conditions for which cases pre-
sented the highest risk compared to controls were unilateral
and bilateral hearing loss, severe visual impairment, and speech
or communication problems (RRs >20 in all cases, with a lower
limit to the 95% CI >10).

In cases, the frequency of these sequelae varied with age. In
general, frequency increased with age, and this was also the
case for each individual sequela, with the exception of skin
scarring and amputation (Table 6).

Table 3. Hospital stay duration and in-hospital mortality in children, adolescents,
and young adults during the six-year study period.

5- 15— 20-
14 years 19years 24 years
N=342 N=388 N =303

<1 year
N = 470

1-4 years
N = 467

Duration of

index . .
hospitalization 111 4+ 138 89+127 89+158 9.7+107 114154
(mean =+ SD;

days)
In hospital
mortality
(n, %)

48 (5.1%) 14 (4.1%) 25 (6.4%) 28 (9.2%)
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Cases developing sequelae were more frequently rehospitalized
than cases of IMD without sequelae (Table 7). In contrast, overall
mortality rates did not differ according to the presence or absence
of sequelae (Table 7). After adjusting for age, no increased mor-
tality risk was observed in cases with sequelae compared to con-
trols (hazard ratio: 1.02 [95% CI: 0.75-1.40]) (Table 7).

Readmissions to hospital for disease recurrence

A total of 35 cases (1.0%) were hospitalized for a recurrence of
IMD at some stage during the follow-up period. The median
age of these recurrent meningococcal cases was 8 years [IQR;
0-22], with the majority of cases (77.1%, N = 27) being under
25 years of age. The mean duration between discharge from the
index hospitalization and rehospitalization for a recurrence
was 143.1 + 135.4 days (median: 91 days [IQR: 49-211]).
Three of these recurrent cases, one with a human immunode-
ficiency virus infection, one with asplenia, and one with other-
wise unspecified damage to the immune system, were
documented with some form of immunodeficiency. When
rehospitalizations for all forms of bacterial meningitis (not
restricted to IMD) were considered, 57 cases (1.6%) were
rehospitalized.

Vaccination

During the follow-up period (after the index hospitalization),
598 cases (16.9%) received at least one anti-meningococcal vac-
cine. The majority of these 520 cases (26.4% of the age group)
were under 25 years of age. Seventy-nine cases received a MenB
vaccine, 488 cases a MenC vaccine and 86 a polyvalent ACWY
vaccine. The mean age at vaccination was 18.4 + 19.1 years for
MenB vaccine, 7.4 * 13.9 years for MenC vaccine and
24.2 * 24.2 years for polyvalent ACWY vaccine.

Discussion

This study documented the immediate and long-term outcome of
IMD in hospitalized patients in France between 2012 and 2017.
During the index hospitalization, we observed an in-hospital mor-
tality rate of 8.3%, an in-hospital amputation rate of 1.2%, and an
occurrence rate for long-term sequelae of 23.3%. Although the
incidence of IMD was highest in the age group <25 years, mortality
and long-term sequelae rates in our study were higher in the two
older age groups (25-59 years and 260 years) than in the age group
<25 years. This pattern of lower incidence but greater severity in
older adults is seen in several other infectious diseases such as
pneumococcal disease or influenza.’*>!

The majority of patients were hospitalized directly following
a visit to an emergency department. However, prior to hospital
admission, 28.2% of cases had consulted a physician previously
and had been sent home. Given its rarity and the non-specificity
of the initial symptoms, IMD is easily misdiagnosed.**** Failure
to diagnose IMD in a timely manner may have serious conse-
quences due to rapid progression of the infection, which may
lead to death in as early as 24 hours.** General practitioners are
the physician category most frequently consulted in the period
leading up to hospitalization, and it is important that they advise
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Figure 2. Mortality risk as a function of age in survivors. Hazard ratios for mortality (excluding death during the index hospitalization) in cases compared to controls are

presented with their 95% confidence interval.

Table 4. Hospitalizations in cases and controls during the follow-up period.

Cases
N = 3,532

Controls

N = 10,590 p-value (Wilcoxon test)

Number of patients hospitalized

In a general hospital 1,448 (41.0%) 4,539 (42.9%) 0.052

In a rehabilitation unit 272 (7.7%) 369 (3.5%) <0.0001

In a psychiatric unit 48 (1.4%) 119 (1.1%) 0.263

In home care 41 (1.2%) 46 (0.4%) <0.0001

Mean number of stays + SD

In a general hospital 49 + 141 28+64 <0.0001

In a rehabilitation unit 27 £31 1.7+£13 <0.0001

In a psychiatric unit 22+25 2635 0.457

In home care 34+£53 1.5+£1.2 0.023

Mean stay duration + SD (days)

In a general hospital 15.0 £52.2 7.7 £19.8 <0.0001

In a rehabilitation unit 96.6 + 147.3 51.2 + 66.2 <0.0001

In a psychiatric unit 77.8 + 2283 78.6 + 130.6 0.644

In home care 78.3 £ 132.7 40.2 £ 57.5 0.206

N: number of patients; SD: standard deviation.
Table 5. Sequelae of interest.
Cases Controls

Condition N =3,239" N = 10,590
None 2,416 (74.6%) 9,903 (93.5%)
One 525 (16.2%) 591 (5.6%)
Two 187 (5.8%) 87 (0.8%)
Three 60 (1.9%) 7 (0.1%)
Four 34 (1.0%) 1 (<0.1%)
Five or more 17 (0.5%) 1 (<0.1%)

"The denominator for the cases corresponds to the number who survived the index hospitalization. N: number of included patients.

patients or their parents to be vigilant for symptoms which are
“red flags” and to go to an emergency department as soon as
possible if these symptoms appear or are aggravated.
Moreover, 44.6% of cases required admission to an
intensive care unit. This proportion was higher than
reported in the UK IMD Patient Registry (31%),”* with an
intermediate proportion reported in the Netherlands

(40%);>* these differences may be explained by differences
in management strategies or service provision between
countries. Severe complications arising during hospitaliza-
tion included amputation and dialysis. Both these were rare
events (~1% of cases each), consistent with previous
studies.”>*” However, around one-third of cases admitted
to an intensive care unit required mechanical ventilation.
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Cases Controls HR [95%CIl]
N=3532 N=10,590
At least one sequela o 827255 ©687(65%) 3.6 [3.3-4.0]
A single sequela o 525 (14.9%) 591 (5.6%) 2.7 [2.4-3.0]
More than one sequela - 298 (8.4%) 96 (0.9%) 9.3 [7.4-11.7]
Epilepsy -o- 205 (5.8%) 172 (1.6%) 3.6 [29-4.4]
Anxiety - 196 (5.5%) 159 (1.5%) 3.7 [3.0-4.5]
Severe neurological disorder —0— 193 (5.5%) 43 (0.4%) 13.5 [9.7-18.7]
Motor deficits —o— 123 [5.5%) 25 (0.2%) 14.8 [9.6-22.6]
Depression —o— 87 (2.5%) 93 (0.9%) 2.8 [21-3.8]
Skin scarring —— 81(23%) 100 (0.9%) 2.4 [1.8-3.3]
Cochlear implant —0— 70 (2.0%) 94 (0.9%) 2.2 [1.6-3.0]
Bilateral hearing loss 30 (0.8%) 1(<0.1%) 89.9 [12.3-659.0]
Unilateral hearing loss —_——r 69 (2.0%) 2=01% 69.0 [21.7-219.0]
Speech or communication problems —_— 61 (1.7%) 8 (0.1%) 229 [11.0-47.7]
Blindness/severe visual impairment —_— 60 (1.7%) 6 (0.1%) 30.0 [13.0 - 69.3]
Amputation —0— 52 (1.5%) 9 (0.1%) 17.3 [8.6 -35]
Renal disease I—OI—I L L R 45 (1.3%) 50 (0.5%) 2.7 1.8 - 4.0]
1 10 100 1000

Hazard ratio [95%ClI]

Figure 3. Sequelae of interest. Data are presented as a Forest plot illustrating the risk ratios for the occurrence of each type of sequela between cases and controls, with

their 95% confidence intervals (95% Cl).

Table 6. Frequency of sequelae as a function of age class.

<1 year 1-4 years 5-14 years 15-19 years  20-24 years  All <25 years 25-59 years =260 years
Sequelae N =470 N = 467 N =342 N = 388 N =303 N =1,970 N = 885 N =677
At least one 63 (13.4%) 62 (13.3%) 60 (17.5%) 70 (18.0%) 78 (25.7%) 333 (16.9%) 259 (29.3%) 231 (34.1%)
One 37 (7.9%) 40 (8.6%) 40 (11.7%) 48 (12.4%) 55 (18.2%) 220 (11.2%) 165 (18.6%) 140 (20.7%)
More than one 26 (5.5%) 22 (4.7%) 20 (5.8%) 22 (5.7%) 23 (7.6%) 113 (5.7%) 94 (10.6%) 91 (13.4%)
Epilepsy 25 (5.3%) 10 (2.1%) 15 (4.4%) 22 (5.7%) 18 (5.9%) 90 (4.6%) 85 (9.6%) 30 (4.4%)
Anxiety 10 (2.1%) 13 (2.8%) 9 (2.6%) 22 (5.7%) 21 (6.9%) 75 (3.8%) 64 (7.2%) 57 (8.4%)
Severe neurological disorder 15 (3.2%) 12 (2.6%) 12 (3.5%) 13 (3.4%) 16 (5.3%) 68 (3.5%) 67 (7.6%) 58 (8.6%)
Motor deficits 8 (1.7%) 8 (1.7%) 6 (1.8%) 7 (1.8%) 9 (3.0%) 38 (1.9%) 40 (4.5%) 45 (6.6%)
Depression 0 2 (0.4%) 4(1.2%) 5(1.3%) 10 (3.3%) 21 (1.1%) 33 (3.7%) 33 (4.9%)
Skin scarring 15 (3.2%) 20 (4.3%) 8 (2.3%) 8 (2.1%) 7 (2.3%) 58 (2.9%) 16 (1.8%) 7 (1.0%)
Cochlear implant 5(1.1%) 8 (1.7%) 3 (0.9%) 2 (0.5%) 5(1.7%) 23 (1.2%) 15 (1.7%) 32 (4.7%)
Bilateral hearing loss 5(1.1%) 3 (0.6%) 1 (0.3%) 3 (0.8%) 4 (1.3%) 16 (0.8%) 11 (1.2%) 3 (0.4%)
Unilateral hearing loss 3 (0.6%) 2 (0.4%) 5(1.5%) 10 (2.6%) 10 (3.3%) 30 (1.5%) 19 (2.1%) 20 (3.0%)
Speech or communication problems 0 3 (0.6%) 3 (0.9%) 5(1.3%) 3 (1.0%) 14 (0.7%) 18 (2.0%) 29 (4.3%)
Severe visual impairment/blindness 1 (0.2%) 5(1.1%) 6 (1.8%) 7 (1.8%) 8 (2.6%) 27 (1.4%) 18 (2.0%) 15 (2.2%)
Amputation 7 (1.5%) 8 (1.7%) 6 (1.8%) 5(1.3%) 5(1.7%) 31 (1.6%) 17 (1.9%) 4 (0.6%)
Renal disease 1 (0.2%) 0 4(1.2%) 3(0.8%) 5(1.7%) 13 (0.7%) 10 (1.1%) 22 (3.2%)

The proportion of patients readmitted for disease recurrence
was low (1.0%). This proportion is lower than that reported in
many, but not all, earlier studies, which range from 1.3% to
9.0%.%>"*® However, the latter studies included patients from the
pre-vaccination era and some included patients with pneumococ-
cal meningitis as well, and, for these reasons, are difficult to
compare with the present study. More recently, a study from
the German national reference laboratory reported a lower recur-
rence rate of 0.2%.”> Given the low absolute number of recurrent

cases (35 over the six-year follow-up period in the present study,
and 15 over a median observation period of 9.4 years in the
German study), it is not clear whether this difference is a real
one. However, many factors, including the N. meningitidis strain
distribution in a particular country, the prevalence of immune
deficiency states, the extent of vaccination of survivors of the
initial IMD episode, and the number of strains against which
the cohort had been vaccinated may be expected to influence
the recurrence rate. In our study, the post-episode vaccination
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Table 7. Association between number of sequelae and proportion of patients hospitalized or death.

Number of sequelae

None One Multiple p-value

N = 2,709 N =525 N =298 (x? test)

Hospitalizations 947 (35.0%) 291 (55.4%) 210 (70.5%) <0.0001
Death 351 (13.0%) 74 (14.1%) 31 (10.4%) 0.312

rate was rather low (16.9%), and this may contribute to the
number of recurrent cases that we observed. Systematic vaccina-
tion following an initial IMD episode, as recommended in certain
countries (such as Spain), could help reduce the recurrence rate.

Recurrent episodes of IMD should always trigger exploration
for immune deficiencies and, in particular, in the complement
pathway both in the patient and in any siblings, since patients with
hereditary terminal complement pathway deficiencies have been
reported to be at risk for recurrent IMD.*

Following the index hospitalization, cases with IMD remained
at significantly greater mortality risk than controls (HR: 1.6, [95%
CI: 1.3-1.9]). This excess mortality is somewhat higher than that
reported in a study of >5,000 cases from the Danish National
Hospital Register followed for up to 25 years, which reported
a crude mortality RR of 1.27 [95% CI: 1.12-1.45].%° However, the
one-year mortality rate (8.3%) was comparable to the mortality
rate during the index hospitalization in the present study. The
mortality rates can also be compared with those reported in
a similar recent study of a German medical insurance database.'
The latter reported a mortality rate of 4.3% at 30 days and of 5.5%
at 1 year. These rates are around twofold lower compared to the
present findings from France. However, such a comparison should
be interpreted with caution, since the German sample was con-
siderably smaller (164 cases), with a different age distribution (and,
potentially, a different serogroup distribution). Indeed, a report
using exhaustive national surveillance data from Germany cover-
ing the period 2012 to 2015 estimated the case fatality rate at
one year at 9.6%."" The most recent English data (2019-2020)
report a case fatality rate of 7% at the national level.** Finally,
a meta-analysis of 48 national estimates published in 2019 found
that case fatality rates ranged from 4.1% to 20.0% and provided
a pooled estimate of 8.3% [95% CI: 7.5-9.1].%

Around one-quarter of all cases hospitalized for IMD devel-
oped long-term sequelae, which required specific management.
Multiple sequelae were also frequent, documented in 298 cases
(9.2%). All of the medical conditions evaluated were documented
significantly more often in cases than in matched controls, sug-
gesting that they were indeed consequences of IMD, rather than
spurious associations. The proportion of patients with sequelae
(23.3%) was very comparable to that observed in the German
medical insurance database (23.5%)."> A number of systematic
reviews of the long-term sequelae of IMD have been published in
recent years.'™'"** Although the individual studies that were
evaluated reported very different complication rates (depending
on how the data were collected, the observation period consid-
ered, and the sequelae studied), there was general agreement
across studies that hearing loss, neurological disorders such as
seizures, behavioral or psychological disorders, and skin scarring
were common. The findings of the present study are consistent
with this, with epilepsy, anxiety, severe neurological disorders all
being documented in around 5% of cases.

The study highlights the high burden of IMD in terms of
morbidity and mortality, and we have described elsewhere the
high cost to the health system of management of long-term
sequelae of IMD.” Although this burden could be reduced by
effective vaccination programs, meningococcal vaccination cov-
erage in France has been low compared to other European
countries.*> Furthermore, unlike for example in Spain,*®
Scotland®” or Germany,*® the introduction of a vaccination pro-
gram in France was not followed by a reduction in the incidence
of IMD.* Since the end of the recruitment period for the present
study (December 31, 2017), MenC vaccination has been ren-
dered obligatory in France for all infants born on or after
January 1, 2018 and Men B vaccination of all infants from the
age of two months is now (since 2021) recommended by the
French health authorities. It is to be hoped that these measures
will lead to a reduction in the burden of IMD over the coming
decade, and the findings of the present study will be of use for
benchmarking future trends.

The strengths of the study include the large sample size, which
is at the upper end of the range of cohort studies published to date.
The SNDS database covers >99% of French residents, which is an
important advantage compared to health insurance databases
which are, for example, employment-based. This is of relevance
for IMD, as this is a disease in which socioeconomic status affects
both the incidence and outcome of the disease.”*>' Countrywide
databases such as the SNDS and the Danish National Hospital
Register thus avoid recruitment biases due to socioeconomic fac-
tors. For this reason, the approach permits exhaustive capture of all
sequelae presented by patients hospitalized for IMD using
a standard methodology. The data collected could be of use to
inform future epidemiological and economic modeling studies in
France, which have, until now, had to rely on fragmentary data
from different sources in other countries to document sequelae of
IMD.”?

Several limitations of the study are inherent to use of the SNDS
database. These include underreporting or potentially inaccurate
reporting of diseases. This is unlikely to be a major issue for case
identification, since the incidence of IMD matches that documen-
ted through mandatory surveillance monitoring in France®
although it may well be relevant for certain complications or long-
term sequelae of IMD. In this respect, certain sequelae previously
identified in the UK IMD Patient Registry*® could not be identified
with confidence from the ICD-10-CM or CCAM codes due to
a high risk of underreporting, namely separation anxiety and
attention deficit hyperactivity disorder. Patients are rarely hospi-
talized for these disorders and, for this reason, they cannot be
identified from the primary diagnosis listed on the hospital dis-
charge summary. According to registry and cohort studies,*®**~>>
mental health disorders are common in patients who have experi-
enced an episode of IMD, and the fact that they are unlikely to have
all been identified will probably lead to underestimation of the
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Invasive meningococcal disease (IMD) is uncommon but with high mortality and long-term complications

To document the care pathways of patients with IMD before, during and after hospitalization

Data on IMD cases collected from the French national public health insurance database (2012-2017)

{ Mean follow-up duration: 2.8 years

RESULTS » 3,532 patients hospitalised for IMD
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¢ Benefits of providing optimal medical care for IMD patients

Qs This study highlights :

¢ Importance of minimising the delay before hospitalization

4 IMD remains challenging to diagnose, and vaccination is the most efficient way to prevent the disease and its complications

Figure 4. Graphical plain language summary.

total number of cases with sequelae. In addition, the SNDS data-
base does not contain information on the meningococcal ser-
ogroup, which may influence the severity, age distribution, and
presentation of IMD.>*** Severity, determined, for example, with
a rating scale, is not documented, except through proxy variables
such as admission to an intensive care unit. Furthermore, no
information is available on when or how antibiotic treatment
was initiated, which is a critical aspect of care in patients with
IMD.">*° Finally, other important and frequent consequences of
IMD, such as cognitive impairment and lower educational
achievement”®’” cannot be assessed in medical insurance data-
bases. Again, absence of information on these events will poten-
tially lead to an underestimate of the total proportion of cases with
long-term sequelae.

In conclusion, this study confirms the high short- and long-
term burden of IMD, with potentially disabling and costly
sequelae persisting in around a quarter of affected individuals.
This highlights the importance of providing optimal medical
care for patients with IMD. Optimal care should include timely
and accurate diagnosis in order to minimize the delay before
hospitalization. The data collected may also help policymakers
plan the long-term health resource requirements and costs

associated with IMD infections. Figure 4 elaborates on the
findings in a form that healthcare professionals could share
with patients and their families.
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