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	Sources of uncertainty

	
	Transparency
	Methods
	Imprecision
	Bias & Indirectness
	Unavailability

	Aspects of the model 
	Context/Scope
	//
	//
	
	//
	//

	
	Model structure
	//
	a)Assumption: Vaccination has no effect on transmission
	
	//
	

	
	Selection of evidence
	//
	b)Using maximum strain coverage inputs to calculate adolescent VE

c) Different sources of evidence for sequelae (UK evidence compared to NL evidence)

d) Evidence was not identified systematically
	
	l) Use of UK data as a source of evidence for the prevalence of sequelae 
	//

	
	Inputs
	Not all inputs are currently shown in the Appendix


	e) Different sources offer different manners to calculate productivity loss and special education

f)Differences in the inclusion of sequelae between sources

g) Differences in the way sequelae are counted between sources (per sequelae vs per severity)

h) Under-reporting of IMD-B
	j)Standard imprecision around inputs


k)The evidence used for adolescents was classified as highly uncertain by the STIKO
	m)Calculation of vaccine effectiveness for  adolescents is very indirect

n)Calculation of utility during severe disease
	o) VE evidence for the Netherlands missing

p)Duration of protection of vaccines

q)Uncertainty information was missing for a number of inputs 

r)Sequelae prevalence may be age-dependent

	
	Implementation
	//
	i) Implementation of utilities connected to sequelae (The model assumes that that disutilities are additive)
	
	
	

	
	Outcomes
	//
	
	
	
	


Table 1 Identified uncertainties
	
	Impact on cost-effectiveness

	
	Uncertainty not reflected in PSA?
	Uncertainty not explored in scenario analysis?
	High impact on cost-effectiveness?

	Aspects of the model 
	Context/Scope
	//
	//
	//

	
	Model structure
	a)
	a) 
	a) Yes, an effect on transmission could have an effect on the broader population and make the vaccines more cost-effective

	
	Selection of evidence
	b) c) d)
	d) 
	d) No, as inputs were recently identified in other articles

	
	Inputs
	e) f) g) h) l) m) n) o) p) r)
	e) h) n) r)
	e) No, productivity loss and special education were not very influential
h) No, severe cases were likely reported
n) No, utility during severe disease is only very short term
r) Yes, as sequelae were impactful, if sequelae are much more likely in infants this may influence cost-effectiveness 

	
	Implementation
	i)
	
	

	
	Outcomes
	//
	//
	//


Table 2  Uncertainties not included in current analyses


[bookmark: _Toc215143392]Explanation of scenario analyses
	Type 
	Number 
	Name 
	Implementation  
	Rationale 

	Uncertainty in the evidence 
	a. 
	Sequelae prevalence - Middeldorp
	Adapting the overall sequelae prevalence to that reported for the Netherlands by Middeldorp [33] 
	In the base-case analyses sequelae probability following IMD-B is informed through data from data from the UK[24]. Middeldorp [33]reports on Dutch data according to which sequelae prevalence decreases within one year. Middeldorp classifies sequelae into severe and mild . We classified the sequelae from the UK study similarly and weighted those according to the probability of severe and mild sequelae. This analysis adapts the share of patients with sequelae to the data reported by Middeldorp. 

	
	b. 
	VE stable for half of the duration of protection 
	Keeping the VE at the full VE for half of the duration of protection 
	Little information is available on the decrease of VE over time in IMD-B vaccines. In our base-case analysis we assume that VE starts decreasing immediately. This analysis investigates the impact of a longer duration with full VE. 

	
	c. 
	Cost of Illness –   Zeevat 
	Implementing cost per case from Zeevat [23] instead of our own cost analysis 
	Zeevat [23] conducted a cost-of-illness study. This analysis investigates the impact of using the cost per case calculated by Zeevat. This scenario analysis serves to validate our own cost analysis and investigate whether using different methods drastically changes the results. 

	
	d. 
	Human Capital Method 
	Valuing productivity costs with the Human Capital Method instead of the Friction cost method 
	In line with the Dutch Health Economic guidelines [29]  our analyses use the Friction Cost Method to calculate productivity loss. This analysis investigates the impact of valuing productivity with the Human Capital Method. The Human Capital Method values productivity losses by assuming that productivity losses by assuming that workers do not get replaced (i.e., productivity losses are permanent). 

	Methodological choice 
	e. 
	Caregiver Utility 
	Implementing caregiver utility 
	The Dutch Health Economic guidelines [29] recommend to explore the impact of caregiver utility in scenario analyses. These analyses implement caregiver utility by using inputs and methods from  Beck[10] and Scholz. 
Caregivers received a 0.48 family and network factor where the family and network received a penalty which was proportionally to the Quality of Life penalty of patients. For every IMD-related patient death, we counted a permanent 0.09 utility decrement after patient death. Lastly, for every informal caregiver (see productivity costs), we calculated a 0.11 utility penalty. All caregiver QoL was influenced by age and mortality. We assumed an average caregiver age of 29.9 at the birth of the child. 

	
	f. 
	0% Discounting 
	Removing discount factors 
	Because these are preventive vaccines, their benefits often appear much later in the model. This is true for IMD-B as well, as some sequelae may be life-long. We therefore explore the impact of removing the discount rates for costs and effects.  

	
	g. 
	5% Discounting 
	Increasing discounting for costs and effects to 5% 
	In this scenario analysis we explore the impact of increasing the discounting rates for costs and effects to a higher level. 

	Exploratory scenario 
	h. 
	Double incidence 
	The incidence is doubled
	The base-case results indicate that IMD-B vaccines are currently very expensive for the effect that it delivers. This scenario analysis investigates the impact of a substantial increase in the incidence. The analysis is interesting because in the past, the incidence has been higher[2]. 

	
	i.
	Halve the price
	The price of the vaccine is halved.
	The base-case results indicate that IMD-B vaccines are currently very expensive. This scenario analysis investigates the impact of a substantial reduction in the price.


Table 3 Explanation of scenario analyses
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Figure 1 Results of the Scenario analyses for the 4CmenB Infant schedule
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Figure 2 Results of the Scenario analyses for the 4CmenB Adolescent schedule
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Figure 3 Results of the Scenario analyses for the MenB-fHBp adolescent schedule
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Figure 4  Results of the Scenario analyses for the MenABCWY adolescent schedule
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Figure 5 Tornado Diagrams 4CMenB infant schedule

Figure 6 Tornado Diagrams 4CMenB adolescent schedule

Figure 7 Tornado Diagrams MenB-fHBp  adolescent schedule

Figure 8 Tornado Diagrams MenABCWY + MenB-fHBp  adolescent schedule
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Figure 9  Sensitivity analysis ICER by Vaccine Effectiveness - 4CMenB Infants schedule
[image: ]
Figure 10  Sensitivity analysis ICER by Vaccine Effectiveness - 4CMenB adolescent schedule
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Figure 11  ICER by Vaccine Effectiveness – MenABCWY / MenB-fHBp – Adolescents – note that “MenB-fHBp” and “MenABCWY + MenB-fHBp” results are so close that the lines overlap completely
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Figure 12  ICER by duration of protection – all vaccines –  note that “MenB-fHBp” and “MenABCWY + MenB-fHBp” results are so close that the lines overlap completely
ICER 4CMenB (Infant) DSA
Minimum value	Case-fatality rate - Age 	<	 5 (0.077, 0.036, 0.131)	Monthly incidence - Age 1 - 2 (0.000003, 0.000002, 0.000005)	Monthly incidence - Age 	<	1 (0.000005, 0.000003, 0.000007)	Vaccine Effectiveness in Infants (0.81, 0.695, 0.903)	Monthly incidence - Age 2 - 5 (0.000002, 0.000001, 0.000002)	Sequelae probability - Scaring (0.064, 0.042, 0.09)	Sequelae probability - Amputation (0.013, 0.003, 0.03)	Sequelae probability - Neurological  (0.036, 0.02, 0.056)	Sequelae probability - Unilateral hearing loss (0.047, 0.024, 0.078)	Sequelae probability - Speech impediment (0.042, 0.02, 0.071)	Sequelae probability - Motor deficits (0.015, 0, 0.055)	727177.09218977741	691994.8150212334	683450.68901385483	689934.50605599058	660228.04004712589	616648.52820261568	606687.55959273304	609360.36639168602	606900.71634832362	606746.10607204749	Maximum value	Case-fatality rate - Age 	<	 5 (0.077, 0.036, 0.131)	Monthly incidence - Age 1 - 2 (0.000003, 0.000002, 0.000005)	Monthly incidence - Age 	<	1 (0.000005, 0.000003, 0.000007)	Vaccine Effectiveness in Infants (0.81, 0.695, 0.903)	Monthly incidence - Age 2 - 5 (0.000002, 0.000001, 0.000002)	Sequelae probability - Scaring (0.064, 0.042, 0.09)	Sequelae probability - Amputation (0.013, 0.003, 0.03)	Sequelae probability - Neurological  (0.036, 0.02, 0.056)	Sequelae probability - Unilateral hearing loss (0.047, 0.024, 0.078)	Sequelae probability - Speech impediment (0.042, 0.02, 0.071)	Sequelae probability - Motor deficits (0.015, 0, 0.055)	475980.36089767393	501397.20147129701	510591.98975212988	532191.10208761808	527540.39696975274	566924.48807745136	570082.77275017439	573031.22631661443	575493.29855598521	575400.80031236634	ICER 4CMenB (Adolescent) DSA
Minimum value	Monthly incidence - Age 15 -18 (0, 0, 0)	Vaccine Effectiveness in Adolescents (0.89, 0.629071, 0.99719)	Case-fatality rate - Age 15 - 25 (0.034247, 0.01129, 0.069124)	Sequelae probability - Scaring (0.064, 0.042, 0.09)	Sequelae probability - Amputation (0.012552, 0.002607, 0.030024)	Sequelae probability - Neurological  (0.036, 0.02, 0.056)	Sequelae probability - Unilateral hearing loss (0.047, 0.024, 0.078)	Sequelae probability - Speech impediment (0.042, 0.02, 0.071)	Monthly incidence - Age 18 - 25 (0, 0, 0)	Sequelae probability - motor deficits (0.015, 0, 0.055)	Sequelae probability - Low IQ (0.008, 0.001, 0.023)	1212445.8628414895	1256905.3663105743	1017116.5162779735	932047.01891619177	911374.76356509223	915896.0881199392	912840.78091815137	912459.75189922412	913068.09211222036	899878.09284757543	Maximum value	Monthly incidence - Age 15 -18 (0, 0, 0)	Vaccine Effectiveness in Adolescents (0.89, 0.629071, 0.99719)	Case-fatality rate - Age 15 - 25 (0.034247, 0.01129, 0.069124)	Sequelae probability - Scaring (0.064, 0.042, 0.09)	Sequelae probability - Amputation (0.012552, 0.002607, 0.030024)	Sequelae probability - Neurological  (0.036, 0.02, 0.056)	Sequelae probability - Unilateral hearing loss (0.047, 0.024, 0.078)	Sequelae probability - Speech impediment (0.042, 0.02, 0.071)	Monthly incidence - Age 18 - 25 (0, 0, 0)	Sequelae probability - motor deficits (0.015, 0, 0.055)	Sequelae probability - Low IQ (0.008, 0.001, 0.023)	670572.16659341566	789251.87594062777	740088.37125112512	835774.98376674054	843319.35404821404	849346.36194988608	851970.48624609003	851883.56801154511	856310.0065254271	848881.6718045451	ICER MenB-fHBp (Adolescent) DSA
Minimum value	Monthly incidence - Age 15 -18 (0, 0, 0)	Vaccine Effectiveness in Adolescents (0.89, 0.629071, 0.99719)	Case-fatality rate - Age 15 - 25 (0.034247, 0.01129, 0.069124)	Sequelae probability - Scaring (0.064, 0.042, 0.09)	Sequelae probability - Amputation (0.012552, 0.002607, 0.030024)	Sequelae probability - Neurological  (0.036, 0.02, 0.056)	Sequelae probability - Unilateral hearing loss (0.047, 0.024, 0.078)	Sequelae probability - Speech impediment (0.042, 0.02, 0.071)	Monthly incidence - Age 18 - 25 (0, 0, 0)	Sequelae probability - Speech impediment (0.015, 0, 0.055)	Sequelae probability - Low IQ (0.008, 0.001, 0.023)	978098.08218115394	1014015.7480873658	819876.7870752106	751346.1035673751	734864.43947031023	738547.68854588387	735868.69621500408	735568.18248043023	736093.77783301368	725448.71100618993	Maximum value	Monthly incidence - Age 15 -18 (0, 0, 0)	Vaccine Effectiveness in Adolescents (0.89, 0.629071, 0.99719)	Case-fatality rate - Age 15 - 25 (0.034247, 0.01129, 0.069124)	Sequelae probability - Scaring (0.064, 0.042, 0.09)	Sequelae probability - Amputation (0.012552, 0.002607, 0.030024)	Sequelae probability - Neurological  (0.036, 0.02, 0.056)	Sequelae probability - Unilateral hearing loss (0.047, 0.024, 0.078)	Sequelae probability - Speech impediment (0.042, 0.02, 0.071)	Monthly incidence - Age 18 - 25 (0, 0, 0)	Sequelae probability - Speech impediment (0.015, 0, 0.055)	Sequelae probability - Low IQ (0.008, 0.001, 0.023)	540090.37977610447	636026.89598089596	596649.30981334951	673733.9818873764	679516.4151352999	684410.73614094313	686782.80789778207	686704.30116176582	690237.95059974084	684207.55834436137	ICER MenABCWY (Adolescent) DSA
Minimum value	Monthly incidence - Age 15 -18 (0, 0, 0)	Vaccine Effectiveness in Adolescents (0.89, 0.629071, 0.99719)	Case-fatality rate - Age 15 - 25 (0.034247, 0.01129, 0.069124)	Sequelae probability - Scaring (0.064, 0.042, 0.09)	Sequelae probability - Amputation (0.012552, 0.002607, 0.030024)	Sequelae probability - Neurological  (0.036, 0.02, 0.056)	Sequelae probability - Unilateral hearing loss (0.047, 0.024, 0.078)	Sequelae probability - Speech impediment (0.042, 0.02, 0.071)	Monthly incidence - Age 18 - 25 (0, 0, 0)	#N/A	Sequelae probability - Low IQ (0.008, 0.001, 0.023)	978626.43039174355	1014563.3553708924	820321.47181118955	751753.5008970201	735262.38894576777	738947.52749663836	736267.68674794363	735966.99148882681	736492.7736487278	725841.96891567623	Maximum value	Monthly incidence - Age 15 -18 (0, 0, 0)	Vaccine Effectiveness in Adolescents (0.89, 0.629071, 0.99719)	Case-fatality rate - Age 15 - 25 (0.034247, 0.01129, 0.069124)	Sequelae probability - Scaring (0.064, 0.042, 0.09)	Sequelae probability - Amputation (0.012552, 0.002607, 0.030024)	Sequelae probability - Neurological  (0.036, 0.02, 0.056)	Sequelae probability - Unilateral hearing loss (0.047, 0.024, 0.078)	Sequelae probability - Speech impediment (0.042, 0.02, 0.071)	Monthly incidence - Age 18 - 25 (0, 0, 0)	#N/A	Sequelae probability - Low IQ (0.008, 0.001, 0.023)	540384.55496676732	636372.34696443065	596972.69882554852	674099.30970709259	679885.71531155787	684782.59000417206	687155.23002350482	687076.70432323299	690612.36632108141	684578.8226177675	2
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m. Mutivariable analysis (Sequelae prevalence - Middeldorp, Incidence halved)
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m. Mutivariable analysis (Sequelae prevalence - Middeldorp, Incidence halved)
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