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ABSTRACT

Introduction: Invasive meningococcal disease
(IMD) caused by Neisseria meningitidis is a
rapidly progressing, rare disease that often pre-
sents as meningitis or sepsis. It mostly affects
infants and adolescents, with high fatality rates
or long-term sequelae. In the Netherlands,

serogroup B (MenB) is most prevalent. We
aimed to estimate the economic burden of
MenB-related IMD between 2015 and 2019,
including direct and indirect medical costs from
short- and long-term sequelae, from a societal
perspective.
Methods: IMD incidence was based on labora-
tory-based case numbers from the Netherlands
Reference Laboratory for Bacterial Meningitis
(Amsterdam UMC, Amsterdam, the Nether-
lands); there were 74 MenB cases on average per
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year in the study period 2015–2019. Case-fatal-
ity rate (3.8%) and percentage of patients dis-
charged with sequelae (46%) were derived from
literature. Direct costs included treatment costs
of the acute phase, long-term sequelae, and
public health response. Indirect costs were cal-
culated using the human capital (HCA) and
friction costs (FCA) approaches, in which pro-
ductivity losses were estimated for patients and
parents during the acute and sequelae phases.
Costs were discounted by 4% yearly.
Results: Estimated costs due to MenB IMD in
an annual cohort were €3,094,199 with FCA and
€9,480,764 with HCA. Direct costs amounted to
€2,974,996, of which 75.2% were related to
sequelae. Indirect costs related to sequelae were
€52,532 with FCA and €5,220,398 with HCA.
Conclusion: Our analysis reflects the high eco-
nomic burden of MenB-related IMD in the
Netherlands. Sequelae costs represent a high
proportion of the total costs. Societal costs were
dependent on the applied approach (FCA or
HCA).

Graphical Plain Language Summary:

MenB is a rare but very severe disease.
The economic burden of MenB disease is high in the Netherlands.

The societal costs are very dependent on the approach applied. 

The cost-of-illness for invasive meningoB
coccal disease (IMD) caused by serogroup B 

Neisseria meningitidis (MenB)

Major cause of meningitidis and sepsis

MenB = one of the serogroups causing IMD.

IMD

Indirect costs: calculated from human capital approach (HCA) and friction costs 
analysis (FCA). 

Methods

Results

Impact

Context

Aim

75%  

Total direct costs
Indirect FCA
Indirect HCA
Total FCA
Total HCA

38,630 € 
1,556 € 
84,929 € 
40,186 € 
123,559 € 

Per case

of the direct costs can be attributed to the sequelae.  

High case-fatality rate and serious long-term sequelae 

74
Average 
number of 
MenB cases 
per year

46% 

4% 

developed at least one 
long term sequelae

died because 
of the infection

Evaluate the economic burden of MenB IMD in the Netherlands, considering
all costs related to IMD, from a patient as well as societal perspective.

Direct costs: costs of the acute phase of MenB IMD and long-term sequelae, and 
costs for public health reponse. 
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Key Summary Points

Why carry out this study?

Invasive meningococcal disease (IMD)
caused by serogroup B (MenB-related
IMD) is a serious disease that may cause
long-term sequelae and has a high
economic burden.

Previous studies often considered a small
set of sequelae only, which could lead to
underestimation of the actual IMD-related
health impact and costs.

This study estimates MenB-related IMD
costs in the Netherlands between 2015
and 2019, including all sequelae costs.

What was learned from the study?

In the Netherlands, almost half of patients
with MenB IMD will experience sequelae,
ranging from scars, hearing and/or vision
loss, limb amputation, to neurological
and mental disorders.

Costs due to sequelae, including long-term
therapy, represent more than two-thirds
of total costs.

Indirect costs, including productivity
losses, are highly dependent on the
applied approach, i.e., human-capital
versus friction-cost approach.

DIGITAL FEATURES

This article is published with digital features,
including a graphical plain language summary,
to facilitate understanding of the article. To
view digital features for this article, go to
https://doi.org/10.6084/m9.figshare.24746118.

INTRODUCTION

Invasive meningococcal disease (IMD), caused
by the bacterium Neisseria meningitidis, often
presents as acute meningitis or sepsis, which are
both characterized by a high mortality rate or
serious long-term sequelae [1, 2]. IMD incidence
is highly age-specific, with peaks among infants
and children aged 5 years or younger, adoles-
cents, and adults 65 years or older [1, 3].

As shown in the last surveillance report of
the European Centre for Disease Prevention and
Control (ECDC), the incidence of IMD in the
Netherlands increased from approximately 108
cases (0.6 cases per 100,000 inhabitants) in 2013
to 198 cases (1.2 cases per 100,000 inhabitants)
in 2017 [4, 5], due to an epidemic outbreak of
almost exclusively Neisseria meningitidis ser-
ogroup W. Therefore, in 2018, the Dutch Min-
istry of Health incorporated vaccination against
the serogroups A, C, W, and Y in the National
Immunization Program (NIP) for both young
children and adolescents, replacing the existing
vaccine against serogroup C. However, during
the same period, the majority of IMD-confirmed
cases were attributable to serogroup B (MenB)
(75% in 2013 and 40.5% in 2017) [6].

Despite the severity of MenB IMD, the Dutch
Health Council advised the Dutch Ministry of
Health to not implement MenB vaccination in
the NIP in two subsequent advices, the latest
dating from 2022 [7, 8]. The main reasons for
this advice were (i) uncertainty on MenB vac-
cine effectiveness and the duration of vaccine-
induced protection, (ii) concerns about the risk
of high fever following concomitant adminis-
tration of MenB vaccine with other vaccines,
(iii) estimated unfavorable cost-effectiveness of
MenB vaccination, driven by the relatively low
incidence and high price of the vaccine, and (iv)
uncertainty about the ability of the vaccine to
induce herd protection [7, 8]. However, the
Health Council also indicated to reconsider
MenB vaccination when more data on vaccine
effectiveness would become available [7].

With newly published real-world data from
Quebec, South Australia, Portugal, the United
Kingdom (UK), and Italy, it is expected that the
efficacy and safety concerns of the Dutch
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Health Council will be adequately covered
[9–11]. However, an updated cost-effectiveness
analysis is thus far not available. To update the
existing economical model, additional data are
required on epidemiology, costs, and health
impact of MenB-related IMD. The economical
evaluation of the MenB vaccine performed in
2018 was based on a Dutch cost-effectiveness
model published almost a decade ago [12]. This
model did not include all costs related to long-
term sequelae, thereby underestimating the real
economic burden. Recent investigations in the
Netherlands have provided more insights into
the long-term sequelae of IMD [13].

Here, we aim to estimate the economic bur-
den, or cost of illness (CoI), of MenB-related
IMD in the Netherlands, considering direct and
indirect medical costs related to short- and
long-term sequelae from a societal perspective.

METHODS

A CoI model was used to calculate the total
economic burden of MenB-related IMD in the
Netherlands for a single annual cohort over a
life-time horizon. The model included both
short- and long-term sequelae and considered
direct and indirect costs. Average costs incurred
by one MenB IMD case over a lifetime horizon
were also estimated. An existing model, previ-
ously used to estimate the economic burden of
MenB-related IMD in Germany [14], was adap-
ted to the Dutch setting. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

Cost data were retrieved from a literature
search. When Dutch data were not available,
studies from other countries were used and
adapted using transferability methods (i.e.,
purchasing power parity) [9]. Moreover, experts
validated and further completed the overview
of medical costs for MenB-related IMD and
sequelae. Costs were assessed from a third-party
payer (TPP) perspective, which includes direct
medical costs and a broader societal perspective
including productivity losses. Costs were
adjusted to the reference year 2021, using the

harmonized Consumer Price Index (CPI) for the
Netherlands published by Statistics Netherlands
(see Appendix I, Table S1) [15]. As recom-
mended for the Netherlands, future costs were
discounted annually with 4% [16].

Population data for 2019 were collected from
the Statistics Netherlands by age (0–100 years)
[17]. MenB-related IMD incidence data were
obtained from the Netherlands Reference Lab-
oratory for Bacterial Meningitis for individuals
0–100 years of age (see Table 1) for the years
2015–2019. The number of MenB-related IMD
cases was expressed as incidence per 100,000
inhabitants by age. The case-fatality rate for the
MenB serogroup was extracted from a recent
publication by Loenenbach et al. [18], and
derived per age group. Sequelae probabilities in
IMD survivors were obtained from the previ-
ously published model in Germany, in which
the probabilities were derived from a systematic
literature review [13, 14]. Costs and health
impacts were calculated for the following age
groups: ‘‘\1 year’’, ‘‘1–4 years’’, ‘‘5–9 years’’,
until the age group ‘‘90 years and older’’.

Model Structure

Figure 1 shows the model structure. It includes
costs of the IMD acute phase (i.e., costs for
inpatient stay, productivity losses, and public
health response), costs for the survivors with
sequelae (i.e., costs for direct medical care,
rehabilitation, special education, long-term
care), and productivity losses. Co-payments of
inpatient and outpatient visits were not
included.

Cost Related to the IMD Acute Phase

Direct medical costs of the acute phase of MenB-
related IMD are presented in the Appendix,
Table S2 with the associated parameters in
Appendix I, Table S3. Every patient with IMD
was assumed to visit a general practitioner (GP)
before being hospitalized. Direct medical costs
related to GP visit and hospitalization were
collected from the Dutch Costing Manual [16].
The median duration of hospitalization and
admission to the intensive care unit (ICU) was
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Table 1 Incidence and fatality rate of MenB-related invasive meningococcal disease per age group and probability of
sequelae in survivors

Parameter Base
case

Range/SD Distribution Source

Incidence (per 100,000 cases)

Age group (years)

\ 1 5.699 3.015–7.750 Poisson National Reference Laboratory

for Bacterial Meningitis [22]1–4 2.283 1.302–3.488 Poisson

5–9 0.397 0.000–0.993 Poisson

10–14 0.270 0.000–0.818 Poisson

15–19 1.210 0.288–2.271 Poisson

20–29 0.393 0.000–0.963 Poisson

30–49 0.101 0.000–0.366 Poisson

50–64 0.209 0.028–0.571 Poisson

Above 65 0.325 0.000–1.191 Poisson

Case fatality rate

Age group (years)

0–19 3.80% 0.008 b Loenenbach et al. [18]

20–64 4.20% 0.008 b

C 65 2.90% 0.006 b

Sequelae probability

Physical sequelae

Amputation with severe disability 1.26% 0.012 b Viner et al. [41]

Skin scarring 6.39% 0.060 b Bettinger et al. [42]

Renal disease 2.05% 0.020 b

Neurological sequelae

Blindness/severe visual impairment 0.42% 0.004 b Viner et al. [41]

Hearing loss—severe/profound bilateral/

deafness (cochlear implant)

2.45% 0.024 b

Hearing loss—moderate bilateral 3.80% 0.037 b

Hearing loss—unilateral/ hearing impairment 5.21% 0.049 b

Epilepsy/seizures 1.78% 0.017 b

Severe neurological disorders 1.02% 0.010 b Bettinger et al. [42]

Speech or communication problems 3.56% 0.034 b Viner et al. [41]

Mental retardation/low IQ 0.50% 0.005 b

Infect Dis Ther (2024) 13:481–499 485



Fig. 1 Schematic flowchart of the cost calculation for each case of invasive meningococcal disease. Abbreviation: IMD
invasive meningococcal disease

Table 1 continued

Parameter Base
case

Range/SD Distribution Source

Motor deficits 1.53% 0.015 b Bettinger et al. [42]

Psychological and behavioral sequelae

Depression 0.00% – b Viner et al. [41]

Anxiety 2.25% 0.022 b

Separation anxiety 5.96% 0.056 b

ADHD 9.66% 0.087 b

Abbreviations: ADHD attention deficit hyperactivity disorder, IQ intelligence quotient, MenB Neisseria meningitidis ser-
ogroup B, SD standard deviation
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derived from Stoof et al. [13]. It was assumed
that 36.1% of the MenB-related IMD cases nee-
ded care in ICU [18]. The probability of devel-
oping sequelae after the acute IMD phase is
reported in Table 1. For IMD survivors without
sequelae, only one pediatrician/neurologist
check-up visit was assumed.

Public health response costs following an
IMD case were included as part of the direct
costs of the acute phase and were based on
Welte et al. [19]. They comprised costs for post-
exposure prophylaxis treatment of close con-
tacts (on average two children and three adults)
with rifampicin or ceftriaxone, as well as phar-
macy and GP visits and reports to other public
parties [16]. No costs for local public health
authorities were included.

Travel costs were only included in the costs
of acute IMD. Travel costs to the GP and hos-
pital were estimated using the travel distance
and travel cost per kilometer following the
Dutch Costing Manual [16].

Direct Medical Costs Related to Sequelae

Direct medical costs of the sequelae were esti-
mated as the costs for the first year (i.e., the year
of occurrence of the sequelae) plus the costs for
the second year onwards (i.e., the following
years after occurrence of the sequelae) of an
IMD case (see Appendix, Table S3). Direct
medical treatment costs were estimated for each
sequelae using published cost estimates and
costing approaches validated by Dutch clinical
and medical experts. The direct medical cost
estimates per sequela are described in the
Appendix I, Table S4. As mentioned, travel costs
were not considered for sequelae.

Education Costs

IMD survivors who develop long-term sequelae
may also have special educational needs
because of their physical and neurological con-
ditions. Special education costs were taken into
account at 50% for IMD survivors with severe
hearing loss (i.e., with cochlear implant), severe
neurological disorders, mental retardation/low
intelligence quotient (IQ), motor deficits, limbT
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amputation, blindness/severe visual impair-
ment, and attention deficit hyperactivity disor-
der (ADHD) [12, 20].

Special education costs were assumed annu-
ally until the end of schooling age (i.e.,
18 years) (detailed in Appendix I, Table S5).
Education costs were dependent on age (pri-
mary or secondary education) and category of
special education needs (i.e., children with a
physical or intellectual disability, or serious
learning difficulties) [21, 22]. Costs for deafness
were assumed to be the same as costs for
blindness [23]. Educational costs for ADHD
were derived from Van der Kolk et al. [24]. Costs
for issuing and review of the special education
needs assessment statement were not consid-
ered in this analysis.

Long-Term Care Costs
An overview and description of the long-term
sequelae are presented in Table S4. Long-term
care costs were only considered for IMD sur-
vivors with severe long-term sequelae (i.e.,
hearing loss with a cochlear implant, severe
neurological disorders, motor deficits, mental
retardation/low IQ, limb amputation with sev-
ere disability, and blindness/severe visual
impairment). Based on previous studies, it was
assumed that 25% of patients with severe
sequelae need lifetime care in institutes for
mentally and physically disabled [20, 25].

Productivity Losses

Productivity losses due to the IMD acute phase
were calculated for (i) the patient or his/her
parents during hospitalization, (ii) premature
patient mortality, and (iii) survivors with
sequelae.

Productivity losses were calculated using the
friction-costs approach (FCA) and the human-
capital approach (HCA) [26–28]. FCA assumes
that a person will be replaced by another
member of the active workforce, limiting pro-
ductivity loss to the time required to hire and
train his/her replacement, i.e., the friction per-
iod. On the other hand, HCA values the entire
productivity loss incurred by an individual’s
premature death or morbidity due to long-term
sequelae. The average yearly income was age-
dependent and derived from Statistics Nether-
lands [29]. The friction period was derived from
the Dutch Costing Manual and amounted to
85 days [16].

For hospitalized patients under 15 years of
age, productivity losses were calculated for one
of the parents. Costs were estimated by multi-
plying the age-dependent length of stay in the
hospital with the age-specific employment wage
per day [13, 29]. The average age of mothers at
the birth of their first child (i.e., 29.9 years) was
used to estimate the age-specific wage per day of
the parent(s) [30]. There was no difference in

Table 4 Economic burden (direct and indirect costs) from a societal perspective over a lifetime horizon

Total IMD (annual) cases (n5 74) Per IMD case

Base case Lower bounda Upper bounda Base case Lower bounda Upper bounda

Direct costs €2,974,996 €1,559,593 €5,291,834 €40,203 €21,076 €71,551

Indirect costs

FCA €119,202 €90,836 €162,563 €1611 €1228 €2197

HCA €6,505,768 €3,554,964 €11,829,715 €87,916 €48,040 €159,861

Total costs

FCA €3,094,199 €1,660,649 €5,460,473 €41,813 €22,441 €73,790

HCA €9,480,764 €5,355,859 €15,998,842 €128,118 €72,376 €216,201

Abbreviations: IMD invasive meningococcal disease, FCA friction-cost approach, HCA human-capital approach
aLower and upper bounds based on 2.5% and 97.5% probabilistic sensitivity outcomes
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costs using the HCA or the FCA as the duration
of the acute phase was below the friction period.

Costs related to premature mortality were
calculated using friction period, duration of job,
age-specific wage per day, and life expectancy at
the time of death. The numbers of days of pro-
ductivity lost are presented in Appendix I,
Table S6 [16, 29]. No productivity losses have
been included for children who die under the
age of 15 years.

Costs for reduced productivity among
patients and their parents were estimated for
each survivor with sequelae. Productivity losses
due to epilepsy and separation anxiety were not
included, as separation anxiety is seen up to
12 years of age and epilepsy recovery was
assumed after 2 years of treatment. For patients
under 18 years of age with severe sequelae, one
of the parents was assumed to stay at home to
take care of their disabled child [14, 31], for the
other sequelae, a productivity loss of 10% for
one of the parents was assumed. Patients were
assumed to have reduced labor participation
throughout life, because of their severe disabil-
ity (detailed in Appendix I, Table S7). The
degree of work impairment (absenteeism) was
used to calculate the indirect costs. Productivity
losses for mental disorders, hearing, vision, and
mobility disabilities were obtained from Dutch

specific public health data [32]. Due to the lack
of data, productivity losses for the other seque-
lae were taken from a previous German study
[14]. For FCA, the percentage of productivity
loss was multiplied with the age-specific wage
per day [29, 31].

Sensitivity and Scenario Analysis

A probabilistic sensitivity analysis was con-
ducted to assess the impact of uncertainty in the
input parameters of the total costs from a TPP
perspective. The distribution was dependent on
the relevant parameters (see Table 1, and
Appendix I, Tables S2 and S8) and the avail-
ability of underlying data. The analysis was
performed using 1000 Monte Carlo simulations,
independently and randomly varying all input
variables over their range at the same time.

A deterministic analysis to test the robust-
ness of the model and identify major drivers of
the outcomes was performed, and included the
following parameters: IMD cases, case-fatality
rate, age at first child, percentage long-term
care, and the percentage special education need
(see Appendix I, Table S8).

To further explore the variation in the base
case, nine scenario analyses were performed: (1)

Fig. 2 Comparison of human-capital approach (H) and friction-cost approach (F), with discounted productivity losses per
work loss or premature death
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Direct medical costs of the sequelae from Scholz
et al. [14], (2) direct medical costs of the
sequelae from Beck et al. [31]; (3) public health
response and outbreak management costs from
Scholz et al. [14], (4) productivity losses during
hospitalization of the acute phase based on
Welte et al. [19], (5) patients with severe
sequelae requiring long-term informal care
(changing 25% institutional care to 10% infor-
mal care), (6) all patients requiring long-term
informal care instead of only patients with
severe sequelae needing institutional care, (7)
exclusion of psychological impairments, (8) no
discounting applied, and (9) discounting costs
with 1.5%. Detailed scenario analyses are shown
in the Appendix I, Tables S9 and S10.

RESULTS

Our model estimated that among 74 MenB-re-
lated IMD cases in the Netherlands per year
(average of reported cases between 2015 and
2019), 2.8 patients died and 34.1 patients
developed sequelae. Thirty-five percent of cases
were registered among children below the age of
4 years and 18% among adolescents 15–19 years
old (Tables 2, 3, Fig. S1).

As presented in Table 4, the total costs due to
MenB-related IMD from a societal perspective
amounted to €3,094,199 and €9,480,764 using
the FCA and the HCA, respectively (Tables 2, 4).

The estimated direct costs from a TPP per-
spective were € 2,974,996, of which 75.2% were
attributable to sequelae (Table 3, Fig. S2). Direct
costs accounted for 96.1% and 31.4% of total
costs in the FCA and HCA, respectively.

Total indirect costs were strongly dependent
on the chosen approach (see Fig. 2), being esti-
mated at €6,505,768 using the HCA and
€119,202 using the FCA. The indirect costs due
to the IMD acute phase (which comprised costs
due to the acute phase itself plus costs due to
premature death) amounted to €1,285,370
using the HCA and to €66,670 using the FCA.
This difference is mostly determined by pre-
mature death, which had a huge impact when
using the HCA, especially amongst patients
below the age of 4 years (€332,392), and
between 15 and 19 years (€305,014). The indi-
rect costs due to sequelae (which comprised
costs for patients and parents) were estimated at
€52,532 when using the FCA, and €5,220,398
when using the HCA (a detailed description can
be found in Tables 2 and 3 and in Appendix I,
Tables S2, S3).

Fig. 3 Tornado diagram of the societal cost per case of
invasive meningococcal disease, using the human-capital
approach. Notes: The HCA was used for the indirect cost.
Lower and upper parameters values are presented in

parentheses. Abbreviations: HCA human-capital approach,
IMD invasive meningococcal disease, LOS length of stay
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Sensitivity and Scenario Analysis

Figure 3 summarizes the results of the deter-
ministic sensitivity analysis, while the impact of
the nine possible scenarios on the base case is
presented in Table 5. Cost estimates remained
similar or decreased except for scenarios 8 and
9, where the discount rate was changed to 0%
and 1.5%, respectively. Total cost increased by
146% and 65%, respectively, compared with the
base case scenario. Scenarios 5 and 6, that
include only informal long-term care instead of
formal institutional care, reduced the total cost
outcomes by up to 12%.

DISCUSSION

MenB-related IMD is relatively rare in the
Netherlands; however, it may result in severe
long-term sequelae associated with substantial
costs. Our model estimated that over the
2015–2019 period, 74 MenB-related IMD cases

occurred annually; among these cases, approx-
imately 34 (46%) patients developed sequelae
and approximately 3 (3.8%) died. This trans-
lated to total costs of €3,094,199 over a lifetime
horizon using the FCA, of which 96.1% were
direct costs and 3.9% were productivity losses.
Total costs amounted to €9,480,764 using the
HCA, of which 31.4% were direct costs and
68.6% were productivity losses.

The study period between 2015 and 2019
may not be representative for the past 3 years
(2020–2022), as the incidence of MenB
decreased by almost 70% due to the national
COVID-19 restrictions [33]. Fewer cases obvi-
ously lead to lower costs. Nevertheless, the
withdrawal of the COVID-19 measurements
may well result in an increased number of MenB
cases, as was seen in adolescents and young
adults in England [34, 35]. While an increase in
MenB cases has been observed in the Nether-
lands after lifting COVID-19 restrictions, num-
bers are not yet higher than in the pre-COVID-
19 period.

Table 5 Scenario analysis per IMD case

Total
direct
costs

Difference
base case (%)

Total
costs
(HCA)

Difference
base case (%)

Base case €40,203 €128,118

Scenario 1: Scholz et al. [14] direct medical costs €37,282 - 7% €125,198 - 2%

Scenario 2: Beck et al. [31] direct medical costs €37,787 -6% €125,702 -2%

Scenario 3: public health response and outbreak management

costs Scholz et al. [14]

€40,842 2% €128,758 0%

Scenario 4: productivity losses Welte et al. [19] €40,203 0% €127,958 0%

Scenario 5: include long-term informal care (10%) instead of

institutionalized care (25%) for patients with severe sequelae

€24,302 -40% €112,218 -12%

Scenario 6: include long-term informal care instead of

institutionalized care for all patient

€28,540 -29% €116,456 -9%

Scenario 7: exclusion of psychological impairments €37,478 -7% €103,742 -19%

Scenario 8: no discounting €86,778 116% €315,034 146%

Scenario 9: 1.5% discounting €59,925 49% €210,845 65%

Abbreviations: IMD invasive meningococcal disease, HCA human-capital approach
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The significant difference between the HCA
and FCA costs is attributable to the friction
period of the FCA, which assumes that patients
can be replaced in their jobs after 85 days.
Moreover, the FCA assumes no productivity
losses for children under 15 years, while the
HCA assumes lifelong productivity losses. There
is an ongoing discussion about these methods
and which method should be used for health
economic analyses [26]. The FCA method is
more widely accepted since it is more conser-
vative and has been used in a previous cost-ef-
fectiveness analysis for vaccines against
serogroups A, C, W, and Y [28, 36]. However,
with the current unemployment rate, it is not
granted that after 85 days a worker can always
be replaced. Currently, around 340,000 people
are unemployed in the Netherlands, but over
450,000 job offers exist; hence, FCA might
underestimate the actual productivity losses
meaning that HCA could potentially show more
realistic estimates [37, 38].

In our analysis, the total percentage of IMD
patients who developed sequelae was 46%,
whereas in a Dutch surveillance study a per-
centage of 29% was reported [13]. However, the
surveillance study did not include psychological
impairments (i.e., ADHD, anxiety and separa-
tion anxiety); therefore, discrepancies between
our study and the Dutch surveillance study
might be due to methodological differences.
This is further supported by a recent systematic
literature review focusing on IMD sequelae,
which found that more recent studies reported
an increased number of sequelae cases and a
wider variety of sequelae types compared with
older studies [2]. Assuming a sequelae rate of
29% (excluding psychological impairments),
costs decreased from €128,118 to €103,742 per
IMD case, corresponding to a 19% cost reduc-
tion. This difference is due to the high proba-
bility of developing ADHD (9.66%) in our base
case analysis [14], combined with direct medical
costs of ADHD per year (€5113), as well as pro-
ductivity losses of 38% of a patient with ADHD.

This is the first CoI study in the Netherlands
that includes all sequelae caused by MenB-re-
lated IMD. Previous analyses only included
direct medical costs for severe hearing loss (with
a cochlear implant), treatment of scars and

amputation, and indirect costs for special edu-
cation and institutional care [12, 19, 20], clearly
representing an underestimation of the impact
of IMD in the Netherlands by not taking into
account the full burden of physical, psycho-
logical, and mental sequelae. The current anal-
ysis improves the validity and robustness of
these previous studies and may further help
decision-makers in future economic evaluations
of MenB vaccination in the Netherlands.

At an international level, a similar approach
was applied in CoI studies in the UK and in
Germany [14, 31]. Direct costs per IMD case
were estimated at €54,300 in the German study
(using 2015 price levels), compared with
€40,203 in the current study (using 2021 price
levels). Applying the same incidence and direct
medical costs for the sequelae as in the German
study (see Scenario 1 of the sensitivity analyses),
reduced costs in our study by 7% to €37,282.
This difference can be explained by the follow-
ing conservative assumptions applied to the
direct costs estimated per sequelae in the cur-
rent study: (1) speech problems, communica-
tion and occupational therapy consults were
assumed to occur only in the first year; (2) epi-
lepsy treatment (i.e., medication and biannual
monitoring) was taken into account only for
the first 2 years; (3) no costs were assumed for
renal disease during the first year, as they were
already included in the IMD acute phase costs,
only costs involved in chronic kidney disease
(assumed to represent 6%) were included; and
(4) separation anxiety treatment was only
included until the age of 12 years. Although
most sequelae costs per case were lower in the
Netherlands than in Germany, direct medical
costs were higher for neurological disability,
limb amputation, blindness, and ADHD due to
higher costs per treatment.

The outbreak management cost of Scholz
et al. [14] (see Scenario 3 of the sensitivity
analyses) slightly increased the direct costs per
case (1.6%), reaching €40,842. Compared with
the German study, our study used a more con-
servative approach for the long-term and edu-
cation costs, because we only included costs for
survivors with severe sequelae. As shown in the
sensitivity analysis, the costs used per year for
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both special education and long-term care were
higher (by 29%) in the current analysis.

Our study has several limitations. First, there
is a lack of data on the specific costs and use of
medical resources for the treatment of IMD
sequelae in the Netherlands. The costs of the
sequelae that were estimated in this study were
not specific costs for an IMD population.
Moreover, for some sequelae, Dutch cost data
were not available. For these costs, the average
of similar studies in Germany and the UK
(Scholz et al. [14] and Beck et al. [31], respec-
tively) were used (e.g., severe neurologic disor-
ders and blindness). Based on the sensitivity
analyses (scenarios 1 and 2), we considered that
these data were not overestimated for the Dutch
situation. Potential travel costs were not inclu-
ded for the sequelae, which results in more
conservative estimates. The percentage of
patients requiring long-term care and special
education were retrieved from previous pub-
lished studies [12, 14, 20, 31]. Data of Scholz
et al. [14] were included in the sensitivity anal-
ysis (scenario 5), where it was assumed that 10%
of all patients with severe sequelae receive
informal care instead of 25% (base case) need-
ing long-term institutional care, and this anal-
ysis demonstrated a significant impact on the
base-case results (40% decrease on direct costs
and 12% decrease on indirect costs using the
HCA). Regarding special education, no costs
could be identified for cases with deafness, and
therefore these costs were assumed to be the
same as for cases with blindness. Since blind
children generally need more guidance and
materials for their education, these costs might
be overestimated for deaf children. However,
our deterministic analysis showed only a small
impact on the societal costs per case. In addi-
tion, because of the construction of the model,
the survivor could experience multiple seque-
lae, and therefore, special education and long-
term costs can be overestimated. This potential
overestimation is reduced by applying a 50%
and 25% rate for long-term care and special
education needs, respectively. Additionally, as a
conservative assumption, absenteeism was not
included in this study, although the mean
number of days of absence is higher among
disabled employees (i.e., 31 days per year) than

in the general population (i.e., 14 days per year)
[39]. Furthermore, the incidence of MenB-re-
lated IMD was based on data prior to the
COVID-19 pandemic and associated social dis-
tancing measures. However, because COVID-19
related restrictions have since been terminated,
the impact of these extraordinary measures
were not considered in our analysis. Finally,
results should be updated in the future as new
estimates for disease outcomes become avail-
able, such as those published by Middeldorp
et al., which were not yet taken into account in
the present analysis [40].

Future research should focus on further
exploration of the exact costs per sequela rela-
ted to IMD in the Netherlands. An ongoing trial
in the Netherlands, which follows IMD sur-
vivors for over 15 years, is likely to provide data
for a further improved cost analysis and reveal
the entire economic ramifications of the disease
[28].

CONCLUSIONS

The current study reflects the high economic
burden of MenB-related IMD in the Nether-
lands. For the first time, all costs related to
sequelae were included in the analysis. These
costs represent a high proportion of direct and
indirect costs. The overall economic burden due
to MenB-related IMD leads to important costs to
the society, regardless of the method used.
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