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ABSTRACT

Introduction: Invasive meningococcal disease
(IMD) is an uncommon but serious infectious dis-
ease. Its economic burden is known to be high but
is poorly characterised. The objective of this study
was to determine costs, as captured in the health-
care claims database, incurred by all patients hos-
pitalised for IMD in France over a 6-year period.

Methods: This case-control study was per-
formed using the French national public health
insurance database (SNDS). Cases comprised all
individuals hospitalised with acute IMD in
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France between 2012 and 2017 inclusive. For
each case, three controls were identified, mat-
ched for age, gender and region of residence. All
healthcare resource consumption by cases and
controls during the follow-up period was doc-
umented. Costs were analysed for the index
hospitalisation in cases, 1year following the
index date and then for 5 years following the
index date. Costs were assigned from national
tariffs. The analysis was performed from a soci-
etal perspective. IMD sequelae were identified
from hospital discharge summaries.

Results: A total of 3532 cases and 10,590 con-
trols were evaluated. The mean per capita cost
of the index IMD hospitalisation was €11,256,
and increased with age and with the presence of
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sequelae. In the year following the index date,
mean per capita direct medical costs were €6564
in cases and €2890 in controls. Annual costs
were €4254 in cases without sequelae, €10,799
in cases with one sequela and €20,096 in cases
with more than one sequela. In the fifth year of
follow-up, mean per capita costs were €2646 in
cases and €1478 in controls. The excess cost in
cases was principally due to the management of
sequelae. Amputation, skin scarring and mental
retardation generated per capita costs in excess
of €20,000 in the first year and in excess of
€10,000 for subsequent years.

Conclusion: The economic burden of IMD in
France is high and, over the long-term, is driven
by sequelae management.

Keywords: Meningitis; Cost  of illness;
Hospitalisation; Long-term sequelae; Indirect
costs; SNDS

Information on the cost of invasive
meningococcal disease (IMD), an
uncommon but potentially life-
threatening infectious disease, is limited
and often inconsistent.

This study aimed at determining the
healthcare costs of all patients
hospitalised for IMD in France between
2012 and 2017 using the national health
insurance database (SNDS).

Mean per capita costs were €11,256 for the
initial hospitalisation related to an IMD
acute episode and €6564 for the year
following the hospitalisation. For the
cohort of patients whose index
hospitalisation occurred in 2012, the
mean annual cost for years 2-5 was €2660.

One-quarter of cases presented at least one
sequela and incurred a disproportionate
amount of the cost.

The economic burden of IMD is high, and
public health policies are needed to limit
the number of cases and reduce the cost to
society.

INTRODUCTION

Invasive meningococcal disease (IMD) is an
unpredictable complication of Neisseria menin-
gitidis infections, which arises when the patho-
gen gains access to the systemic circulation
[1, 2]. In Europe and North America, IMD is
now an infrequent disease, although still rela-
tively common in sub-Saharan Africa. The dis-
ease principally affects infants and young
children under 3 years of age, as well as ado-
lescents and young adults [3]. In Europe, the
overall incidence of IMD in the general popu-
lation in 2014 was 0.88 cases/100,000, but was
nearly 20-fold higher in infants under 1 year of
age, rising to 16 cases/100,000 [3]. However, the
incidence of IMD also increases again in older
adults. Meningococcaemia stimulates a rapid
and powerful immune inflammatory response
which may lead to life-threatening sepsis [1, 2].
Severe acute neurological complications and
persistent sequelae are frequent in all age groups
[4, 5]. Pulmonary complications are rare in
childhood, but may be relatively common in
patients aged 65 years or more [4-6].

The case fatality rate in Europe is currently
around 8% [3, 7]. In patients who survive, there
is a high risk of developing persistent severe
sequelae, most commonly relating to neuro-
logical or auditory impairment [4, 8-12]. For
patients experiencing IMD episodes in child-
hood, survivors present an elevated risk of
mental disorders such as anxiety and depres-
sion, and other psychological and behavioural
problems with significant functional impact
[10]. In addition, limb amputation may be
necessary in up to 15% of cases [12]. Up to half
of patients who survive the acute infection may
present some form of sequela, and approxi-
mately 20% will require continued treatment
for sequelae after the primary infection is
resolved [7, 10].

Cost of illness studies of IMD are scarce and,
for this reason, the economic burden of IMD is
poorly characterised [13]. A major reason for
this is that IMD is an uncommon disease with a
heterogenous prognosis, and so it is challenging
to assemble large representative patient cohorts
that enable these costs to be determined with
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precision. Moreover, many of the available cost
estimates come from modelling studies rather
than actual data collected in patients with IMD.
A health insurance claims database study per-
formed in 2005 in the USA reported a per capita
cost of acute hospitalisation of $19,526 [14]. In
an analysis of data from the Italian Hospital
Discharge Dataset used to inform an economic
model of IMD, Tirani et al. reported a per capita
cost of an acute stay for IMD management in
2013 of €6800 for children and €8250 for adults
[15]. The same authors estimated the annual per
capita cost of management of sequelae to be
€4148 [15]. A microcosting study performed in
the UK estimated costs in the first year for two
hypothetical cases of severe IMD with long-
term sequelae to be £160,000-200,000 and
lifetime costs to be £590,000-1,090,000 [16].
This study was subsequently reiterated in the
French setting and estimated first-year costs to
be €160,000 and lifetime costs to be between
€770,000 and €2,267,000 depending on the
nature and severity of the sequelae [17]. Most
recently, a study from Germany estimated that
the lifetime per capita direct medical costs of
IMD amounted to €54,300, with management
of sequelae accounting for around 80% of the
total cost [18]. Finally, an Australian study
estimated the lifetime societal per capita cost of
IMD to be US$319,897, including direct
healthcare costs of US $65,035 [19].

The variability in the estimates obtained
reflects differences in the costs evaluated (acute
hospitalisation, first-year costs and lifetime
costs), in the approaches used (microcosting,
modelling or database analysis) and in the nat-
ure of the sequelae considered. In order to take a
more comprehensive approach to the costs of
IMD, the present study used the healthcare
delivery and reimbursement database of the
French national public health insurance system
(SNDS; Systéme National d’Information Inter-
régimes de l’Assurance Maladie) to identify
costs incurred by all patients hospitalised for
IMD over a 6-year period. This approach offers a
rare opportunity to gain access to data on
pluriannual healthcare resource consumption
in the real-world setting at a national level and
thus to have a sufficient and exhaustive sample
in which to determine the cost of illness with

precision. Costs of acute hospitalisation, first-
year costs and S-year costs were estimated. A
case—control approach was taken to estimate
costs specific to IMD.

METHODS

This observational cost-of-illness study was
conducted in the SNDS database in France. A
case—control approach was taken, in which total
costs incurred by a group of cases with IMD and
a matched control group without IMD were
measured. The differences between costs in the
two groups are considered to be costs associated
with IMD. Non-specific costs related to other
health conditions are expected to be distributed
similarly between cases and controls and thus
will not contribute to a difference in costs
between the two groups. The design and
methodology of the study have been described
in detail elsewhere [20] and are summarised
below. Cases comprised all individuals hospi-
talised with a diagnosis of acute IMD between
1 January 2012 and 31 December 2017. The date
of hospitalisation admission was taken as the
index date for the case. Each case was matched
to three controls without IMD, and not neces-
sarily hospitalised, randomly selected in the
SNDS database on the basis of age, gender and
administrative district of residence. The index
date for the controls was identical to the cal-
endar date of hospitalisation for the matched
case. Cases and controls were followed until
31 December 2017 or death, if this occurred
prior to this date.

The perspective of the cost analysis was
principally a societal one, in order to facilitate
international comparisons. This took into
account direct medical costs, incurred through
hospitalisation or community care, costed
according to national tariffs and charged to the
patient. These included costs reimbursed either
by public health insurance or by complemen-
tary private insurance, as well as out-of-pocket
expenses. It was not possible to evaluate indi-
rect costs related to sick leave and invalidity
pensions from a societal perspective since only
payments from national health insurance are
available in the database. Components such as
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loss of earnings and private insurance payments
thus cannot be estimated. For this reason, only
a portion of indirect costs were evaluated, cor-
responding to the indirect cost burden applica-
ble to the French payer (i.e. payer perspective).
Figure 1 illustrates the time lines of the study
and the different periods of cost assessment.

Data Collection

Data on demographics and health resource
consumption were extracted from the SNDS
database. Demographic information is limited
to age, gender and municipality of residence.
All hospitalisations during the follow-up
period were extracted. The type of hospital, the
duration of hospitalisation and any procedure
performed during the stay were identified. The
reason for hospitalisation was identified from
the hospital discharge summary in the form of a
diagnostic code based on the International
Classification of Diseases Version 10 (ICD-10).
Information was extracted from the SNDS on all
healthcare consumption in the community that
was reimbursed during the study period. These

2012-01-01 2013-01-01 2014-01-01

2015-01-01

items include all consultations (general practi-
tioners, specialists practising in the community
and outpatient visits for hospital consultations),
paraclinical care (nurse visits, physiotherapy,
speech therapy), laboratory tests, medications
delivered in pharmacies and transportation
(ambulance or medical taxi).

Potential long-term sequelae of IMD, selec-
ted from previous studies [21, 22], were identi-
fied from hospital discharge summaries by the
corresponding ICD-10 or procedure code, or
from medication delivery records, using a clas-
sification system developed in 2015 by the
French national general health insurance fund
(see Table S1 in the electronic supplementary
material for detail) [23] and a previously
described algorithm for identifying IMD-speci-
fic sequelae [24]. These included immediate and
irreversible sequelae, such as amputation, that
were identified from hospital discharge records
and sequelae appearing and identified after
discharge. In order for the latter to qualify as
sequelae, they were required to be documented
in the SNDS for the first time at a date after the
index hospitalisation. This date was in general

2016-01-01 2017-01-01 2017-12-31
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All patients hospitalised for IMD identified

Index IMD
event

All'healthcare resource consumption extracted from database

A: Total population: all patients regardless of follow-up duration

O

Cost of index
hospitalisation

Costs over one year
post-haspitalisation

B: 2012 Population: patients with index IMD event in 2012, potentially with five years of follow-up
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Cost of index Costs over one year
hospitalisation  post-hospitalisation

Costs over five years
post-hospitalisation

Fig. 1 Diagram illustrating timing of data extraction and cost estimations. /MD invasive meningococcal disease
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required to fall within 3 months of the index
hospitalisation, 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 hyperactivity disorder
(36 months), for which a broader time window
was permitted. In the absence of formal defini-
tions for these time windows, these were based
on expert opinion. These conditions were also
identified in the control group if they were
documented for the first time in the specified
time window following the matched index date.

Costing

Direct medical costs were assigned to all docu-
mented healthcare resource consumption by
cases and controls. Costs of hospitalisation were
valued using the diagnostic code listed on the
hospital discharge summary. This assigns the
stay to a diagnosis-related group which has a
specific associated unitary tariff. The relevant
tariffs for each year between 2012 and 2017
were used. This included the cost of the hospital
stay itself, remuneration of physicians and
paramedical staff, medications and medical
devices delivered in hospital and routine tests.
Specific procedures (e.g. dialysis) and stays in an
intensive care unit are identified by a procedure
code, for which a specific tariff is applied. When
an individual was hospitalised sequentially in
more than one hospital department, or if the
hospital stay was followed by a stay in another
care facility, for example in a rehabilitation
centre, without returning home between the
two, then the costs of the different stays were
aggregated to yield a single overall cost for the
hospitalisation event.

Costs of healthcare delivered in the com-
munity were valued using French national tar-
iffs. These community costs included physician
visits, visits by nurses and other paramedical
healthcare professionals, delivery of medication
and medical devices in pharmacies, clinical
laboratory tests and medical transportation.

Indirect costs evaluated were sick leave and
invalidity pensions. Since no information is
available on potential private insurance benefits

for these items, indirect costs are presented
from the payer perspective.

Three different types of cost were analysed in
two study populations (Fig. 1). The first popu-
lation (total population) consisted of all
patients identified in the database during the
study period (2012-2017 inclusive). In this
population, we determined costs related to the
index acute phase hospitalisation for IMD, as
well as all costs incurred during the year fol-
lowing the index date. Hospitalisation costs are
only presented for cases since controls were not
necessarily hospitalised. The second population
(2012 population) consisted of all patients first
documented in the database in 2012 and was
used to document costs generated over the
Syears following the index hospitalisation.
These 5-year costs are broken down by year of
follow-up. All hospital and community costs
were presented by type and as aggregate costs
and compared between cases and controls for
all individuals.

Subgroup analyses were performed to evalu-
ate costs as a function of age (under 235 years,
25-59 years, and 60 years and over) and as a
function of the number of long-term sequelae
(none, one or more than one). In addition, a
specific analysis was performed on the costs of
management of these sequelae. All costs are
expressed per capita and per annum in 2019
euros. Typical unit costs for selected items of
healthcare resource consumption are given in
TableS2 in the electronic supplementary
material.

Statistical Analysis

Continuous variables are presented as mean
values with their standard deviations or 95%
confidence intervals (95% CI) or median values
with their interquartile range or full range.
Categorical variables are presented as frequency
counts and percentages. Health resource con-
sumption was identified as the number of con-
sumers and compared between cases and
controls in the form of hazard ratios (HR) with
their 95% CI. Certain healthcare consumption
variables (number of visits and length of stay)
are presented as continuous variables and

I\ Adis



1612

Infect Dis Ther (2021) 10:1607-1623

compared using the Wilcoxon test. Certain
categorical variables were compared with these
#* test. Annual per capita costs are presented as
mean values with their 95% CI. A probability
value (p value) of 0.05 was taken as statistically
significant. All statistical analyses were per-
formed using SAS® software, Version 9.5 (Cary,
USA).

Ethics

The study was conducted in accordance with
the Helsinki Declaration of 1964, and its later
amendments, as well as with relevant interna-
tional and French regulatory requirements.
Patient data in the database is anonymised
using an irreversible double encryption. Access
to the SNDS is regulated by a Committee of
Expertise for Research, Studies and Evaluations
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 SNDS database for this type
of study is regulated by the French national data
protection agency (Commission Nationale de
I'Informatique et des Libertés), to which the
protocol was submitted for approval.

RESULTS

Study Population

The cases corresponded to a total of 3532 indi-
viduals who were hospitalised for IMD between
2012 and 2017 and for whom at least 1 day of
follow-up data was available. These cases were
followed up for a median duration of 2.8 years
[range 0-6.0 years]. The mean age of the cases
was 29.7 years [95% CI 28.8-30.6], and 1970
cases (55.8%) were aged under 25 years, 622
(17.6%) aged between 25 and 49 years and 940
(26.6%) aged 50 years or more. A total of 778
cases were infants aged up to 24 months
(22.0%). Of the 3532 cases, 1849 (52.3%) were
male. For the majority of cases (N =2709;
76.7%), no long-term sequelae were identified.

A single sequela was identified in 525 cases
(14.9%) and multiple sequelae in 298 cases
(8.4%).

Overall, the 3530 cases were matched in a 1:3
ratio to 10,590 controls. Two cases could not be
matched but were kept in the analysis. The
index date for the controls was identical to the
date of the index hospitalisation of the corre-
sponding cases. The median follow-up duration
for the controls was 3.0years [range O—
6.0 years]. These 3530 cases and 10,590 controls
constituted the total population.

Five-year costs could only be determined for
574 cases for whom the index hospitalisation
occurred in 2012 and who survived throughout
the 5-year period. These 574 cases were matched
with 1722 controls and constituted the 2012
population. Some (less than 10%) of these
patients died or were lost to follow-up over the
5-year period, and 526 cases and 1578 controls
were available for analysis in the fifth year fol-
lowing the index hospitalisation.

Healthcare Resource Utilisation

Index Hospitalisation in IMD Cases

By definition, all cases underwent an initial
hospitalisation which defined the index IMD
episode. The mean duration of the index hos-
pitalisation was 14.8 days [95% CI 14.0—
15.6 days]. This included the acute hospital stay
and any stay in relay residential care such as
rehabilitation centres, without an intervening
return home.

Resource Consumption in the Year Following
the Index Date in the Total Population
During the follow-up period, 1448 cases (41.0%)
had at least one overnight stay in a general
hospital (Table 1). Although this proportion was
similar to that of controls, individual cases were
rehospitalised around two times more often
than controls (mean 4.9 [95% CI 4.2-5.6] hos-
pitalisations per case and 2.8 [2.6-3.0] per con-
trol; p < 0.0001) and for a longer total duration
(mean 15.0 days [95% CI 12.3-17.7 days] for
cases and 7.7 days [7.1-8.3 days] for controls;
p < 0.0001). In addition, a higher percentage of

A\ Adis



Infect Dis Ther (2021) 10:1607-1623 1613
Table 1 Resource consumption in the year following the index date
Cases (N = 3532) Controls (N = 10,590) p value
General hospital stays (rehospitalisations) 1448 (41.0%) 4539 (42.9%) 0.052
Rehabilitation stay 272 (7.7%) 369 (3.5%) < 0.0001
Psychiatric unit 48 (1.4%) 119 (1.1%) 0.263
Home care 41 (1.2%) 46 (0.4%) < 0.0001
General practitioner 2770 (78.4%) 7923 (74.8%) < 0.0001
Number of visits® 64 [6.2-6.6] 5.3 [5.2-5.4] < 0.0001
Community specialist 1924 (54.5%) 6213 (58.7%) < 0.0001
Number of visits® 49 [4.5-5.3] 4.8 [4.7-4.9] < 0.0001
Outpatient specialist consultation 2495 (70.6%) 4097 (38.7%) < 0.0001
Number of visits® 5.4 [5.0-5.8] 34 [3.2-3.6) < 0.0001
Nurse 1638 (46.4%) 3088 (29.2%) < 0.0001
Number of visits® 33.3 [28.0-38.6] 25.6 [22.5-28.7] 0.0201
Physiotherapist 797 (22.6%) 1841 (17.4%) < 0.0001
Number of visits® 29.3 [26.6-32.0] 21.8 [20.4-23.2] < 0.0001
Speech therapist 117 (3.3%) 233 (2.2%) 0.0002
Number of visits® 17.6 [13.8-21.4] 18.6 [16.3-20.9] 0.196

The analysis is performed in the total population. Data are presented as 7 (%) or mean [95% CI]

95% CI 95% confidence intervals, N total number of subjects in each cohort, » number of subjects in the indicated category

* Data are calculated for those patients making at least one visit. Cases and controls were compared using the Wilcoxon test

cases were admitted to rehabilitation facilities
and required home care (Table 1).

In the year following the index IMD event,
2770 cases (78.4%) consulted a general practi-
tioner and 1924 (54.5%) consulted a specialist
physician practising in the community setting
(Table 1). Although differences in consultation
rates for community physicians between cases
and controls were statistically significant, abso-
lute differences were small (less than 5%). In
contrast, nearly two times the proportion of
cases compared to controls consulted a hospi-
tal-based specialist as an outpatient (Table 1).
Cases also more frequently received nursing
care, physiotherapy and speech therapy com-
pared to controls (Table 1).

Direct Medical Costs

Index Hospitalisation in IMD Cases
The mean per capita cost of the index hospi-
talisation for IMD was €11,256 [95% CI
€10,869-11,643]. The mean costs of the index
stay increased with age (p < 0.001), from €9637
[€9202-10,072] for cases under 25 years of age
to €12,635 [€11,526-13,744] for cases aged
25-49 years and €14,165 [€13,365-14,9635] for
cases 60 years of age or older.

The cost of the index stay was also greater
(p <0.001) for cases who subsequently pre-
sented sequelae than in those who did not. The
mean cost was €9393 [95% CI €9029-9757] in
cases without sequelae, €14,469 [€13,352-
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Table 2 Average per capita costs accrued in the year following the index date

Cases (N = 3532) Controls (N = 10,590) p value
All hospitalisation 3411 [2960-3862] 1435 [1338-1532] 0.2305
General hospital stays 2358 [1997-2719] 1242 [1162-1322] < 0.0001
Rehabilitation stays 899 [705-1093] 124 [98-150] < 0.0001
Psychiatric unit 131 [55-207] 69 [47-91] 0.1493
Home care 24 [14-34] 0 [0-0] < 0.0001
All community care 3153 [2835-3471] 1456 [1391-1521] < 0.0001
Physician consultations 538 [498 578] 449 [434-464] < 0.0001
Dentist consultations 0 [50-70] 83 [76-90] < 0.0001
Paramedical visits 335 [295-375] 151 [148-154] < 0.0001
Laboratory tests 164 [151-177] 77 [74-80] < 0.0001
Medication 702 [589-815] 361 [327-395] < 0.0001
Medical material and devices 416 [369-463] 163 [151-175] < 0.0001
Transport 425 [362-488] 62 [54-70] < 0.0001
Other 511 [280-742] 109 [77-141] < 0.0001
Total 6564 [5947-7181] 2890 [2756-3024] < 0.0001

The analysis is performed in the total population. Costs in € are presented as mean values with their 95% confidence

intervals. Mean values are calculated using the total number of cases (3532) or controls (10,590) as the denominator. Cases

and controls were compared using the Wilcoxon test

15,586] in cases with a single sequela and
€22,537 [€20,564-24,510] in 298 cases with
multiple sequelae.

Costs Accrued During the Year Following
the Index Date in the Total Population
Costs accrued in the year following the index
date (date of hospitalisation for IMD for the
cases and matched date for the controls) for
cases and controls are presented in Table 2. For
the cases, these costs exclude those of the index
hospitalisations. Total mean per capita costs
were more than twice as high for cases (€6564)
than for controls (€2890). Moreover, all indi-
vidual cost elements were higher for cases than
for controls, although the difference was not
significant for psychiatric unit stays.

Mean total per capita costs increased with
age in both cases and controls, for both

hospitalisation and community costs. In cases,
hospitalisation costs and community care costs
each represented around half of the total cost in
all age groups (Fig. 2). Total costs also increased
with the number of sequelae from €4254 in
cases who recovered from the index IMD with-
out any sequelae to €20,096 in those with
multiple sequelae, an over five-fold difference in
cost.

Costs Accrued During the 5 Years Following
the Index Date in the 2012 Population

The mean cost of the index hospitalisation in
the subgroup of cases followed for 5 years was
€9912, somewhat lower than for the total
cohort of cases. Total mean per capita costs
during the first year after the index event were
€17,358. After the first year following the index
event, total mean per capita costs in cases
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Fig. 2 Mean per capita costs in the year following the
index hospitalisation in cases and controls as a function of
age and of sequelae of IMD. The analysis is performed in

descended to a plateau between €2000 and
€3500 per year (mean annual cost for years 2-5
was €2660 for cases and €1641 for controls)
(Fig. 3). However, costs in cases remained sig-
nificantly higher than costs incurred by con-
trols throughout the follow-up period. In the
fifth year after the index date, mean per capita
costs were €2646 [95% CI 1835-3457] in cases
and €1478 [95% CI 1222-1734] in controls.

Cases with sequelae incurred significantly
higher costs than cases without sequelae at each
time point evaluated (Table 3). In the fifth year
after the index date, mean per capita costs were
€8674 [95% CI 4449-12,899] in cases with
multiple sequelae, €5033 [95% CI 2871-7195] in
cases with a single sequela and €1494 [95% CI
1010-1494] in cases without sequelae. The
mean costs incurred by this last group were
close to those incurred by controls in the fifth
year (€1478; n = 1578; Fig. 4).

>60 years old Number of sequelae

the total population. The columns and the costs above
represent total costs (hospitalisation and community care
costs). IMD invasive meningococcal disease

Cost of Management of Long-Term Sequelae
The costs of management of long-term sequelae
of IMD are presented in Table 3. During the year
following the index hospitalisation, the most
expensive of these sequelae were amputation,
skin scarring, mental retardation and bilateral
hearing loss, all of which cost over €20,000 in
the first year. For the first three of these, annual
costs in excess of €10,000 persisted over the
entire follow-up period.

Indirect Medical Costs

Sick Leave

Of the 3532 cases, 1567 were of working age
(18-65 years). Of these, 442 (28.2%) took sick
leave in the year following their index hospi-
talisation. This compares to 846 out of 4701
controls of working age (18.0%). The propor-
tion of cases taking sick leave was significantly

I\ Adis



1616

Infect Dis Ther (2021) 10:1607-1623

25,000
p <0.0001
20000k ® (ases
O Contrals
@
£ 15000F
8
=
S 10000f
E 0.0001
peL . = 0.0167
5,000 — p=U00s 0= 0.0363 —
® A ) P ¢
® ® ® ® ®
0
N 574 1722 bhh 1665 b4l 1623 h32 1596 h26 1578
Year1 Year 2 Year 3 Year 4 Year 5

Fig. 3 Yearly mean per capita costs in IMD cases and
controls in the 5 years following the index hospitalisation.
The analysis is performed in the 2012 population. Total
costs accrued are presented by year of follow-up as mean
values with their 95% confidence intervals. The numbers

elevated compared to controls (p < 0.0001). The
mean cost to the health insurance of this sick
leave was €4719 [95% CI €3969-5469] per case
taking sick leave, compared to €2921
[€2883-2960] for the controls taking sick leave.

In the second and third years after the index
event, the proportion of cases taking sick leave
was similar to that of the controls (year 2: 10.1%
vs 9.9%, p=0.008; year3: 7.3% vs 7.7%,
p = 0.13). However, the mean costs of this sick
leave remained significantly higher (p < 0.05)
in cases than in controls in year 2 (€5008 [95%
CI €3460-6556] versus €2430 [€2021-2839];
p < 0.05), but not in year 3 (€3711 [€1745-5677]
versus €2445 [€2018-2872)).

Invalidity Pensions

In the year following the index event, 49 cases
(1.4%) took an invalidity pension, compared to
54 controls (0.5%) (p <0.0001). The mean

Year of follow-up

below the data points indicate the number of cases or
controls available for analysis each year. Cases and controls
were compared with the Wilcoxon test (p). IMD invasive
meningococcal disease

annual cost to the health insurance was €7101
[€5477-8725] per case taking a pension, com-
pared to €7688 [€6448-8928] for the controls
(p > 0.05).

DISCUSSION

This study demonstrates that IMD, despite of
being an uncommon disease in European
countries, generates significant direct medical
costs to society, as well as important indirect
costs to the payer, in the French healthcare
system. Mean per capita costs were €11,256 for
the index hospitalisation and €6564 for the year
following the index event. For the cohort of
patients whose index hospitalisation occurred
in 2012, the mean annual cost of years 2-5 was
€2660. Assuming an average of 586 incident
cases of IMD in France each vyear, this
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Table 3 Mean annual per capita costs of management of long-term sequelae

First year after index IMD (€)

Subsequent years (€)

Sequela N
Epilepsy 205
Anxiety 196
Severe neurological deficit 193
Motor deficits 123
Depression 87
Skin scarring 81
Speech or communication problems 61
Hearing loss requiring cochlear implant 70
Unilateral hearing loss 69
Severe visual impairment/blindness 60
Amputation 52
Renal disease 45
Bilateral hearing loss 30
Mental retardation 19
Hyperactivity syndrome 13

13,454 [10,090-17,624]
7929 [5632-10,776]
15,644 [11,763-20,481]
14,120 [9442-20,425]
12,550 [7907-19,002]
31,720 [21,174-46,685]
14,080 [8219-22,749]
9785 [5758-15,472]
7426 [4039-12,237]
10,000 [5541-16,543]
38,187 [23,534-60,633]
18,149 [9690-31,838]
25,093 [12,085-48,627]
20,493 [7625-47,611]
10,572 [2633-27,996]

4399 [3357-5638]
1566 [1013-2216]
6984 [5529-8715]
5246 [3655-7274]
4294 [2984-5940]
13,617 [10,301-17,816]
3194 [1652-5368]
1922 [896-3297]

1460 [564-2655]

5673 [3321-9040]
16,721 [12,003-23,015]
9116 [5651-14,125]
3464 [1444-6627]
21,068 [11,023-38,791]
1251 [1-4163]

The analysis is performed in the total population. Mean costs are presented as per capita costs for the subset of cases with the

sequela of interest, with their 95% confidence intervals
IMD invasive meningococcal disease

corresponds to an annual total direct medical
cost for all individuals hospitalised for IMD in
France of €6.6 million for the index hospitali-
sation, €3.9 million for the first year and
€1.5 million each year for the following years
(years 2-5).

One-quarter of cases presented at least one
sequela and these individuals generated a dis-
proportionate amount of the cost, both for the
initial hospitalisation and for costs accrued over
the following years. Compared to cases who did
not present sequelae, the index hospitalisation
cost 1.5 times as much for cases with a single
sequela and 2.4 times as much for those with
multiple sequelae. These cases with sequelae
accounted for the additional direct medical
costs compared to controls from the second
year post-IMD onwards. The most frequent of
these sequelae were severe neurological deficits,

epilepsy and anxiety. This is consistent with
previous studies (reviewed by Olbrich et al.
[10]), which suggest that, as well as the better
characterised physical and neurological seque-
lae, psychological and behavioural conse-
quences also contribute to the disease burden of
IMD.

In the year following the IMD event, the
most expensive sequelae to manage on a per
capita basis were amputation, skin scarring,
bilateral hearing loss and mental retardation.
These findings are generally consistent with
previous data [21, 22]. However, it should be
noted that hearing deficits in our study were
distributed across three different diagnoses
(unilateral hearing loss, bilateral hearing loss
and hearing loss requiring a cochlear implant),
and the combined cost of hearing deficits will
be higher. The high cost of skin scarring is
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Fig. 4 Yearly mean per capita costs in IMD cases and
controls in the 5 years following the index hospitalisation,
displayed as a function of the number of sequelac. The
analysis is performed in the 2012 population. Costs

probably because that care includes a number of
surgical procedures with high unit costs, such as
skin grafts, deep tissue repair, and scar excision.
On the other hand, the total cost of certain
sequelae may not be fully reflected in these
direct medical costs. For example, severe neu-
rological deficits incur costs for special educa-
tional needs, home care and adaptions of the
home environment, which are very expensive
but which are supported by social services
rather than health insurance.

For certain sequelae, such as hearing loss, the
costs were principally generated during the first
year; for others, notably mental retardation,
skin scarring and the consequences of

Year of follow-up

accrued are presented by year of follow-up as mean values
with their 95% confidence intervals. IMD invasive
meningococcal disease

amputation, considerable cost continued to
accrue over the following years. Nonetheless,
these findings emphasise the need for more
research to identify and pursue health policies
to limit the risk of long-term sequelae in
patients hospitalised with IMD.

It is difficult to compare the actual costs
obtained in the present study with those esti-
mated in the French microcosting study of two
hypothetical cases [17] because of differences in
the type of costs analysed and the time horizon
of the costing. Direct per capita medical costs of
the acute management phase of IMD deter-
mined in the present study are nonetheless
close to those used in the recent German
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modelling study, which were derived from a
federal hospital database [18].

The estimated costs of IMD can be compared
with those of other acute infectious diseases in
the French setting, although it should be born
in mind that the methods used, the date and
the cost items considered will vary between
studies. For example, in a study of pneumo-
coccal community-acquired pneumonia in
2014, the average cost of the hospitalisation
stay was €7293 and the average cost of follow-
up was €1242 [25]. In a budget impact study of
antipneumococcal vaccination in France, the
cost of an episode of pneumococcal meningitis
was estimated at €5636, and the cost of man-
agement of post-meningitis sequelae at €8000
per year (2013/2014 costs) [26]. Compared with
the present findings, costs in these earlier
studies were lower, although within the same
order of magnitude. Another infantile infec-
tious disease that can be prevented by vaccina-
tion is whooping cough. A Spanish burden of
disease study reported mean per capita direct
medical costs of whooping cough in 2012 to be
€856, although this cost was highly age-depen-
dent, ranging from €2988 in infants aged less
than 1 year to €161 in individuals aged 65 years
or older [27]. However, as with IMD in the
present study, management of complications of
whooping cough, such as pneumonia or
encephalopathy, inflates costs considerably
[28]. Moreover, unlike whooping cough, IMD
case management is systematically in hospital
settings while whooping cough can be managed
under outpatient mode.

Compared with other rare diseases, direct
medical costs of IMD are in the middle of the
range. In 2015, the BURQOL-RD (Social Eco-
nomic Burden and Health-Related Quality of
Life in patients with Rare Diseases in Europe)
research group reviewed the relatively sparse
and inconsistent data available on cost of illness
in ten rare diseases [29]. Annual per capita direct
medical costs ranged from €1042 to €745,376
for haemophilia, €1983 for Duchenne muscular
dystrophy, €2202 to €27,601 for juvenile idio-
pathic arthritis, €3858 to €4926 for scleroderma,
€7108 to €51,551 for cystic fibrosis, rising to
€130,451 to €474,885 for mucopolysaccharido-
sis [29].

The data generated in this study could be of
use in economic modelling studies to determine
the impact of different healthcare policies
aimed at improving the prevention or treat-
ment of IMD in France or elsewhere. Such an
approach has been followed elsewhere to esti-
mate the cost-effectiveness of anti-meningo-
coccal B vaccination in Italy [15, 30] and in
England [24], where this vaccine has been
introduced in recent years (Italy, 2017; England,
2015). In particular, the English study also took
explicit account of the major impact on costs of
management of a broad range of long-term
sequelae [24].

In this study, a case-control approach was
adopted in which total costs incurred by a
group of cases with IMD and a matched control
group without IMD were measured. This
approach has been widely used in outcomes
research in general and in cost of illness studies
in particular, including in infectious diseases
[31, 32], and is well adapted to studies of health
claims databases. One advantage of such a “top-
down” approach is that no a priori assumptions
are made about which cost items are specifically
attributable to IMD. In addition, all healthcare
resource consumption is captured. Disadvan-
tages include the level of detail that can be
obtained and the absence of information on the
reasons motivating healthcare resource use.
Alternative “bottom-up” approaches, such as
microcosting studies, are not associated with
these disadvantages but have their own limita-
tions, notably in ensuring exhaustive data col-
lection and in identifying which costs to
include. Case-control studies and microcosting
studies each have their advantages and disad-
vantages. The microcosting approach is most
reliable when the data are collected prospec-
tively, which is challenging in the case of rare,
sporadic acute infectious diseases such as IMD.

The study has several strengths and limita-
tions. The strengths include the relatively large
number of individuals from whom the cost data
were obtained, corresponding to all patients
hospitalised for IMD in France over a recent
6-year period. In addition, all the costs repre-
sent actual costs identified directly from
healthcare spending, rather than from indirect
extrapolations from other sources, as in several
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previous cost of illness studies in IMD. The
case—control approach used allows the specific
economic burden of IMD to be estimated with
precision. However, it should be noted that any
supplementary charges made by healthcare
professionals in the private sector, or any out-
of-pocket expenses incurred by parents, will not
have been captured, which may lead to under-
estimating the real costs. Concerning the limi-
tations, exhaustive case identification cannot be
guaranteed. However, individuals who develop
IMD will generally require hospitalisation
unless they die beforehand. Indeed, on a year-
by-year basis, the number of cases identified in
the SNDS database is close to that reported from
public health surveillance of infectious diseases
in France [33]. In this respect, it is noteworthy
that the rate of under-reporting in the surveil-
lance system in France has been evaluated by a
capture-recapture study to be less than 10%
[33]. Similarly, sequelae are identified from
diagnostic or procedure codes, but any causal
relationship with IMD is not documented in the
SNDS database. These conditions have been
considered to be sequelae of IMD on the basis of
their temporal association with the index IMD
event. However, it cannot be excluded that
certain associations are fortuitous, nor that
certain sequelae may not have been retrieved.
In addition, the sequelae studied were prespec-
ified on the basis of previous reports, and others
may well exist, which contribute to long-term
costs.

The costs identified in this study are limited
to those captured in the healthcare claims
database and to costs reimbursed for the patient
only. With respect to indirect costs, the infor-
mation that can be extracted from the SNDS
database is limited to sick leave and invalidity
pensions paid for by public health insurance.
However, no information is available on
spending by private insurance or other payers,
so the full societal cost cannot be determined
using the present approach. Moreover, half the
cases occurred in individuals aged under
25 years, who may not be of working age, and
any financial impact on the parents of these
cases has not been captured, such as loss of
earnings, non-medical costs and dealing with
the psychological burden of care. With respect

to cases who develop sequelae, indirect costs are
likely to evolve over time as care modalities
change, e.g. from full-time home care to insti-
tutionalisation. Finally, out-of-pocket expenses
incurred by the families of children with
sequelae, e.g. modifications to the home envi-
ronment to facilitate mobility or special educa-
tional needs, are not documented in the present
study. Further work is required to quantify this
segment of the economic burden of IMD, which
may be substantial.

CONCLUSION

This study using data collected from all patients
hospitalised for IMD in France demonstrates the
high economic burden of this disease, which,
over the long term, is driven by the manage-
ment of sequelae. Vaccination coverage for IMD
in France is limited and better coverage and
extended vaccination programmes should be
considered in order to limit the number of cases
of IMD, and thus reduce the cost to society of
this serious infectious disease. In high-income
countries, the high case-fatality rate of IMD
even when treated, the substantial cost of dis-
ease-related sequelae and the threat of out-
breaks make vaccination an attractive target for
preventive immunisation programmes.
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