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Figure A1. IMD Model Structure












Abbreviations: IMD = invasive meningococcal disease; LY = life year; QALY = quality-adjusted life year
Table A1. IMD Vaccination Strategies Explored
	IMD Vaccination Strategies 

	MenC at 12 months of age (current and base-case comparison)

	MenACWY at 12 months of age

	MenC at 12 months and 13 years of age

	MenC at 12 months and 16 years of age

	MenC at 12 months and MenACWY at 13 years of age

	MenC at 12 months and MenACWY at 16 years of age

	MenACWY at 12 months and 13 years of age

	MenACWY at 12 months and 16 years of age

	MenC at 16 years of age

	MenACWY at 16 years of age


Abbreviations: IMD = invasive meningococcal disease; MenACWY = meningococcal serogroup A, C, W, Y; MenC = meningococcal serogroup C
Table A2. German Population 
	Age
	Population size

	
	

	<1 year
	766,000

	1 year
	764,000

	2-4 years
	2,441,000

	5-9 years
	4,155,000

	10-14 years
	3,900,000

	15-19 years
	3,954,000

	20-24 years
	4,449,000

	25-29 years
	5,016,000

	30-59 years
	33,768,000

	60+ years
	25,265,000

	Source:
	[1]



Table A3. IMD Serogroup Incidence Estimates
	Age
	Scenario 1
	Scenario 2
	Scenario 3
	Scenario 4

	
	High MenC**
	High MenW***
	High MenY****
	High MenCWY

	<1 year
	2.123
	0.257
	0.280
	High MenC, High MenW and High MenY incidence as in Scenario 1-3 are applied simultaneously

	1 year
	2.138
	0.130
	0.000
	

	2-4 years
	0.848
	0.042
	0.130
	

	5-9 years
	0.395
	0.010
	0.030
	

	10-14 years
	0.343
	0.020
	0.050
	

	15-19 years
	0.740
	0.067
	0.340
	

	20-24 years
	0.163
	0.060
	0.090
	

	25-29 years
	0.050
	0.040
	0.020
	

	30-59 years
	0.038
	0.016
	0.050
	

	60+ years
	0.043
	0.035
	0.210
	

	Source:
	[2], query date: June 2023


Abbreviations: IMD = invasive meningococcal disease; RKI = Robert Koch-Institut; UK = United Kingdom
Note: Base case incidence values are averages of 10-year incidence, between 2010 and 2019
**High C incidences are averages of 2002–2005 values
***High W incidence is average of 2016-2018 values
**** High Y incidence values that were highest incidences across each age group from 2010–2019 were applied
Table A4. Vaccine Effectiveness
	Population
	MenC vaccine
	MenACWY vaccine
	Source

	
	Dose 1
	Dose 2
	Dose 1
	Dose 2
	

	Toddler
	92%
	92%
	92%
	92%
	Vesikari 2020[4], Ohm 2022[5]

	Adolescent
	94%
	94%
	94%
	94%
	Borja-Tabora 2020[6], Campbell 2022[7]


Abbreviations: MenACWY = meningococcal serogroup A, C, W, Y; MenC = meningococcal serogroup C


Table A5. Vaccine Effectiveness Inputs: Waning and Herd Effect
	
	MenACWY vaccine
	MenC vaccine
	Source

	Herd Effect*

	Incidence multiplier
	50%
	50%
	Carr et al, 2022 [8]

	Annual Waning

	Toddler
	22.12%
	22.12%
	Vesikari 2020[4], Ohm 2022[5]

	Adolescent
	5.85%
	5.85%
	Borja-Tabora 2020[6], Campbell 2022[7]


Abbreviations: MenACWY = meningococcal serogroup A, C, W, Y; MenC = meningococcal serogroup C
Table A6. IMD Disease Manifestation Distribution
	Manifestations
	Distribution in Population (%)

	Meningitis
	25.0%

	Septicemia
	40.0%

	Meningitis + Septicemia
	35.0%

	Source:
	RKI Data (2019)[3]


Abbreviations: RKI = Robert Koch-Institut
Table A7. IMD Case Fatality Rates by Age
	Age
	Case Fatality Rate

	<1 year
	[bookmark: RANGE!H26:L35]9.23%

	1 year
	9.53%

	2-4 years
	9.53%

	5-9 years
	4.98%

	10-14 years
	7.76%

	15-19 years
	5.41%

	20-24 years
	4.84%

	25-29 years
	15.87%

	30-59 years
	19.90%

	60+ years
	28.22%

	Source: Scholz 2022[9]


Abbreviations: RKI = Robert Koch-Institut
Table A8. Sequelae Rate
	Sequelae
	Probability of Sequelae
	Source

	Amputation
	1.26%
	Viner et al. 2012[10]

	Anxiety
	2.25%
	Viner et al. 2012[10]

	Arthritis
	7.47%
	Cabellos et al. 2012[11]

	Cognitive Impairment
	0.50%
	Christensen et al. 2016[12]

	Depression
	0.00%
	Viner et al. 2012[10]

	Hearing loss: Severe/Cochlear
	2.45%
	Beck et al. 2021[13]

	Hearing loss: Moderate/Bilateral
	3.80%
	Beck et al. 2021[13]

	Hearing loss: Impairment/Unilateral
	5.21%
	Beck et al. 2021[13]

	Migraine
	0.55%
	Gottfredsson et al. 2011[14]

	Motor Deficits
	0.77%
	Scholz et al 2022,[9] Bettinger et al. 2013[15]

	Neurological Disability
	1.79%
	Scholz et al 2022,[9] Bettinger et al. 2013[15]

	Renal Failure
	2.05%
	Bettinger et al. 2013[15]

	Seizure
	1.78%
	Viner et al. 2012[10]

	Skin Scarring
	6.39%
	Bettinger et al. 2013[15]

	Speech Problems
	3.56%
	Viner et al. 2012[10]

	Visual Impairment
	0.42%
	Viner et al. 2012[10]


Note: duration of all sequelae is assumed to be lifelong
Table A9. Vaccine Cost Inputs
	
	Vaccine Cost per Dose*
	Administration Cost

	MenACWY
	€ 34.11
	€ 7.56

	MenC
	€ 33.48
	€ 7.56

	Source
	Stand Lauer-Taxe: 01.07.2023[16]
	Associations of Statutory Health Insurance Physicians (Kassenärztliche Vereinigungen)


Abbreviations: MenACWY = meningococcal serogroup A, C, W, Y; MenC = meningococcal serogroup C
Note: based on 10-pack cost of NeisVac-C (€ 334.81) and Nimenrix (€ 341.14) valid from 01.07.2023[16]
Table A10. Acute IMD Cost Inputs
	
	Meningitis
	Septicemia
	Meningitis + Septicemia
	Source

	Patient Healthcare Costs*
	€ 2590
	€ 3909
	€ 3647
	Huang 2020[17]

	Patient Productivity Loss**
	€ 503
	€ 503
	€ 503
	Calculated based on Scholz 2022[9]

	Caregiver's Productivity Loss***
	€ 1,178
	€ 1,178
	€ 1,178
	Scholz 2022[9]


*Includes sum of overall IMD cost for <1 month and overall IMD costs - 1 month to 1 year that was assumed to be meningitis cost and was adjusted by cost ratios for septicemia and meningitis + septicemia, provided for each time period (<1 month and 1 month to 1 year).[17]
2016–2023 German inflation factor was applied[18]
** Sum of product of age-specific incidence (Table 2), population (Table A1) and acute care productivity losses of patient (if working) € 561.45 from Scholz 2022[9] applied to age 15 and above. 2015–2023 inflation[18] was applied to the cost.
*** Productivity losses for long-term acute care for family (if working), € 1,077.11 from Scholz 2022.[9] 2015–2023 inflation[18] was applied to the cost.
Table A11. IMD-related Death Cost Inputs
	
	One-off Costs
	Source

	Medical Cost per Case
	€ 0
	Assumption

	Lifetime productivity loss
	€ 948,145
	Calculated using 2022 average monthly salary (€ 4,105) [19] inflated to 2023[18] applied over 19 years

	Caregiver's productivity loss
	€ 12,476
	Assuming 3-months productivity losses for caregivers. 2022 monthly salary (€ 4,105) [19] was inflated to 2023[18]


Table A12. Post-acute IMD Sequelae Patient Direct Cost
	Sequelae
	Patient Sequelae One Time Cost
	Patient Sequelae Annual Cost

	Amputation: Single limb
	€ 11,608
	€ 2,640

	Anxiety
	€ 0
	€ 295

	Arthritis
	€ 0
	€ 5,031

	Cognitive Impairment
	€ 2,101
	€ 90

	Depression
	€ 0
	€ 508

	Hearing loss: Adaptive listening strategies
	€ 51,177
	€ 1,388

	Hearing loss: Hearing aids
	€ 1,798
	€ 1,469

	Hearing loss: Cochlear implants
	€ 1,798
	€ 1,469

	Migraine
	€ 0
	€ 0

	Motor Deficits
	€ 486
	€ 45

	Neurological Disability
	€ 2,358
	€ 133

	Renal Failure
	€ 6,482
	€ 4,656

	Seizure
	€ 0
	€ 4,959

	Skin Scarring
	€ 2,195
	€ 22

	Speech Problems
	€ 2,057
	€ 45

	Visual Impairment
	€ 0
	€ 812


Source of annual cost: 2017 arthritis cost derived from Schild 2021[20], costs of other sequelae (2015) were extracted from Scholz 2019[21] (“Direct medical costs – following years”). All costs were inflated to 2023.[18]
Source of one-time cost: Difference between annual cost after year 1 (“Direct medical costs – following years”) and first year cost (“Direct medical costs –  1st year”) from Scholz 2019.[21] 2015 costs were inflated to 2023.[18]
Note: zero costs were assumed for one-time cost of anxiety, arthritis, depression, migraine, seizure and visual impairment. Zero annual cost was assumed for migraine.
Table A13. Post-acute IMD Sequelae Patient and Caregiver Productivity Loss
	Sequelae
	Patient Productivity Loss
	Caregivers Productivity Loss
	Degree of Disability
	Remaining productivity 

	Amputation: limb
	€ 9,293
	€ 15,248
	75
	38.5%

	Anxiety
	€ 5,681
	€ 0
	35
	62.4%

	Arthritis
	€ 4,321
	€ 0
	10
	71.4%

	Cognitive Impairment
	€ 6,014
	€ 15,248
	50
	60.2%

	Depression
	€ 5,681
	€ 0
	35
	62.4%

	Hearing loss: Adaptive listening strategies
	€ 9,293
	€ 15,248
	75
	38.5%

	Hearing loss: Hearing aids
	€ 4,080
	€ 0
	30
	73.0%

	Hearing loss: Cochlear implants
	€ 4,321
	€ 0
	10
	71.4%

	Migraine
	€ 0
	€ 0
	0
	0%

	Motor Deficits
	€ 9,973
	€ 15,248
	65
	34.0%

	Neurological Disability
	€ 9,670
	€ 15,248
	85
	36.0%

	Renal Failure
	€ 7,842
	€ 15,248
	60
	48.1%

	Seizure
	€ 9,973
	€ 15,248
	70
	34.0%

	Skin Scarring
	€ 2,418
	€ 0
	20
	84.0%

	Speech Problems
	€ 4,080
	€ 0
	25
	73.0%

	Visual Impairment
	€ 11,181
	€ 15,248
	100
	26.0%


Source of degree of disability: Scholz 2019[21], assumption for arthritis and migraine.
Source of remaining productivity per loss of disability: Scholz 2019[21]
Patient productivity loss: product of (1- Remaining productivity) and patient long-term losses. Patient long-term losses were calculated as sum of product of age-specific incidence (Table 2) population (Table A1) and productivity losses of long-term care from Scholz 2022[9] applied to age 15 and above; the resulting productivity losses of long-term care was €13,811 (2015 Euros). 2015–2023 inflation[18] was applied to the cost. 
Caregiver productivity loss: long-term caregiving cost from Scholz 2022[9] (€13,937) inflated to 2023. Caregiver productivity loss was assumed to be applicable to sequelae with disability degree greater or equal 50.
Table A14. Disutility Inputs during Acute IMD
	Manifestations
	Disutility

	Meningitis
	0.400

	Septicemia
	0.510

	Meningitis + Septicemia
	0.510

	Source:
	Lecoq et al 2016[22]



Table A15. Disutility Inputs during Post-acute IMD
	
	Patient
	Caregiver*
	Source of patient disutility

	Patient without sequelae
	Disutility
	0.03
	-
	Koomen 2005[23]

	
	Duration
	9 years
	-
	Schmand 2010[24]

	Caregivers after patient’s IMD death
	Disutility
	-
	0.07
	Song et al. 2010[25]

	
	Duration
	-
	40 years
	Assumption

	Sequelae disutilities

	Amputation: limb
	0.310
	0.110
	Erickson 2001[26]

	Anxiety
	0.250
	0.110
	Saarni 2007[27]

	Arthritis
	0.310
	0.110
	Caban-Martinez et al. 2011[28]

	Cognitive Impairment
	0.380
	0.110
	Oostenbrink 2002[29]

	Depression
	0.211
	0.110
	Saarni 2007[27]

	Hearing loss: Severe/Cochlear
	0.190
	0.110
	Oostenbrink 2002[29]

	Hearing loss: Moderate/Bilateral
	0.090
	0.110
	Oostenbrink 2002[29]

	Hearing loss: Impairment/Unilateral
	0.090
	0.110
	Oostenbrink 2002[29]

	Migraine
	0.186
	0.110
	Xu et al 2011[30]

	Motor Deficits
	0.330
	0.110
	Oostenbrink 2002[29]

	Neurological Disability
	0.250
	0.110
	Stouthard 1997[31]

	Renal Failure
	0.180
	0.110
	Wyld 2000[32]

	Seizure
	0.170
	0.110
	Oostenbrink 2002[29]

	Skin Scarring
	0.000
	0.070
	Blakeney 1998[33]

	Speech Problems
	0.220
	0.110
	Al-Janabi 2016[34]

	Visual Impairment
	0.740
	0.110
	Brown 2001[35]


Abbreviation: IMD = invasive meningococcal disease; Source of caregiver sequelae disutility: Assumption
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