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1. [bookmark: _1a5100fi8eqm]Vaccination model equations

The vaccination model equations (Model 1 in Figure S1) are shown below. This model is used to track immunity over time. The epidemics are modelled separately (Section 2 below, Model 2 in Figure S1). This model has three compartments, Susceptible and unvaccinated (S), Susceptible and Vaccinated (Sv) and Immune and vaccinated (Rv). The proportion vaccinated that move into the immune vs susceptible compartments are determined by the vaccine efficacy (). [image: ]
Figure S1:  Modelling overview: A) Methods overview, depicting inputs, models and outputs. B) Model diagram, including both the epidemic and the vaccination model. Elements in solid green are included in both models. Transitions in grey are included only in the epidemic model, and transitions in dotted green are included only in the vaccination model. States are: Susceptible (S), Exposed (E), Infectious (I) and Recovered (R), and their vaccinated counterparts (Sv, Ev1, Ev2, Iv1, Iv2, Rv). v denotes the vaccinated equivalent of the compartments. See Table S3 for parameter details.  is the rate of vaccination in age group ,  is the efficacy by subtype (),  is vaccine derived immunity waning. The model is run separately for each subtype. For the epidemic model, in both vaccinated and unvaccinated compartments, susceptibles who are infected with the viral subtype enter the first Exposed (E) compartment. They then progress through the E and Infectious (I) compartments. After ceasing to be infectious they enter the R compartment, whereupon they cannot be re-infected during the same epidemic period. Both the E and I populations consist of two compartments, in order to get a gamma distributed waiting time. Each compartment is also subdivided by age (i).

Vaccination Model Equations (Model 1)





Subscripts:
  - age group
States:
 - Susceptible
 - Vaccinated and susceptible
 - Vaccinated and immune
Parameters:
 - vaccination rate
 - vaccine efficacy
 - duration of vaccine immunity

In addition vaccines used are tracked by the following equation where  represents the age-group specific population sizes.
  


As in Dawa et al we estimate the annual population in each age group assuming a constant growth rate between  2010 and 2015 and then apply the World Bank annual population growth rates for subsequent years(1). 

2. [bookmark: _sc86cdesem9p]Epidemic model equations

The epidemic model equations are shown below, corresponding to Model 2 in Figure S1. From both vaccinated and unvaccinated compartments, susceptibles who are infected with the viral subtype enter the first Exposed (E) compartment. They then progress through the E and Infectious (I) compartments. After ceasing to be infectious they enter the R compartment, whereupon they cannot be re-infected during the same epidemic period. Both the E and I populations consist of two compartments, in order to get a gamma distributed waiting time. Each compartment is also subdivided by age (i). The model diagram is shown in Figure S1B. The model is run separately for each season and subtype.  Parameter definitions are shown in table S1.

Force of Infection:
 

Ordinary differential equation model:
















Table S1: Parameters used in epidemic models

	Parameter 
	Symbol
	Type (Fixed posterior vaccine assumption)
	Value (if fixed)

	Age-specific vaccination rate
	
	Vaccine assumption
	-

	Vaccine efficacy 
	
	Vaccine assumption
	-

	Age specific force of infection
	
	Posterior
	-

	Transmission rate
	
	Posterior
	-

	Contact rates between age groups i and j
	
	Fixed based on Kiti et al. (2014)(2)
	See paper

	Latency period
	
	Fixed fluEvidenceSynthesis package
	0.8 days

	Infectious Period
	
	Fixed fluEvidenceSynthesis package
	1.8 days

	Vaccine immunity duration
	
	Vaccine assumption
	-

	Age specific proportion in vaccinated compartments at start of epidemic
	
	Vaccine assumption / Model
	-

	Age specific proportion in Rv vs Sv compartments at start of epidemic
	
	Vaccine assumption / Model
	-

	Age-specific susceptibility (<15 15-49 50+)
	
	Posterior adapted to take into account previous seasons vaccination.
	-

	Age-specific ascertainment rates (<1 1-5 5+)
	 
	Posterior
	-



3. [bookmark: _yae0gtqzfpp4]Vaccine efficacy and vaccine match/mismatch by season

Table S1 shows the vaccine efficacy by year, hemisphere and viral subtype, and whether it is considered a match. If vaccine efficacy >= 50% the vaccine is considered a match to circulating strain and if vaccine efficacy < 50% the vaccine is considered a mis-match to the circulating strain as in Dawa et al. (2010).

Table S2: Vaccine efficacy and vaccine match/mismatch by season. Acronyms are: Vaccine Efficacy (VE) Reference (Ref) NH (Northern Hemisphere) Southern Hemisphere (SH). * values shown represent VE against all subtypes. ** no VE values available for this period as such VE values from the preceding NH vaccine are used. *** measured only in children. **** very low cases assuming the VE is the same as the other strain. If VE >= 50% the vaccine is considered a match to circulating strain (Y) if VE < 50% the vaccine is considered a mis-match to the circulating strain (N) as in Dawa et al. (2010).

	Year
	Hemisphere
	AH1N1
	AH3N2
	B

	
	
	VE
	Match?
	Ref
	VE
	Match?
	Ref
	VE
	Match?
	Ref

	2009
	NH
	62%
	Y
	(16)
	62%****
	Y
	(16)
	62%****
	Y
	(16)

	2010
	SH
	72%*
	Y
	(2)
	72%*
	Y
	(2)
	72%*
	Y
	(2)

	2010
	NH
	67%
	Y
	(17)
	67%****
	Y
	(17)
	50%
	Y
	(2)

	2011
	SH
	72%*
	Y
	(2)
	72%*
	Y
	(2)
	72%*
	Y
	(2)

	2011
	NH
	65%
	Y
	(18)
	39%
	N
	(2)
	58%
	Y
	(18)

	2012
	SH
	65%**
	Y
	(18)
	39%**
	N
	(2)
	58%**
	Y
	(18)

	2012
	NH
	49%*
	N
	(16)
	47%
	N
	(16)
	67%
	Y
	(16)

	2013
	SH
	52%*
	Y
	(19)
	52%*
	Y
	(19)
	54%
	Y
	(2)

	2013
	NH
	54%
	Y
	(2)
	52%*
	Y
	(16)
	52%
	N
	(16)

	2014
	SH
	64%***
	Y
	(20)
	6%***
	Y
	(20)
	23%***
	N
	(20)

	2014
	NH
	23%*
	N
	(16)
	13%
	N
	(16)
	23%*
	N
	(16)

	2015
	SH
	24% (all A)
	N
	(21)
	22%
	N
	(21)
	46%
	N
	(21)

	2015
	NH
	41%
	N
	(16)
	48%*
	N
	(16)
	55%
	Y
	(2)

	2016
	SH
	40%*
	N
	(22)
	40%*
	N
	(22)
	40*
	N
	(22)

	2016
	NH
	40%*
	N
	(16)
	43%
	N
	(16)
	73%
	Y
	(16)

	2017
	SH
	50%
	Y
	(23)
	10%
	N
	(23)
	57%
	Y
	(23)

	2017
	NH
	65%
	Y
	(16)
	25%
	N
	(16)
	42%
	N
	(2)

	2018
	SH
	65%**
	Y
	(16)
	25%**
	N
	(16)
	42%*8
	N
	(2)

	2018
	NH
	67%
	Y
	(2)
	9%
	N
	(16)
	34%
	N
	(16)




4. [bookmark: _loa1g5a5767s]Epidemic timings

Table S3 defines the timings of the epidemic and inter-epidemic periods of the model, as well as the subtype and the year from which the population size is used. A total of 11 epidemics are included. 

Table S3: Epidemic and Inter-epidemic time periods.

	Start
	End
	Type
	Subtype
	Population

	2012-01-01
	2013-12-20
	Inter-Epidemic
	AH1N1
	-

	2013-12-20
	2014-09-05
	Epidemic
	AH1N1
	2014

	2014-09-05
	2018-01-19
	Inter-Epidemic
	AH1N1
	-

	2018-01-19
	2018-10-12
	Epidemic
	AH1N1
	2018

	2010-01-01
	2010-03-12
	Inter-Epidemic
	AH3N2
	-

	2010-03-12
	2010-12-17
	Epidemic
	AH3N2
	2010

	2010-12-17
	2011-12-23
	Inter-Epidemic
	AH3N2
	-

	2011-12-23
	2012-05-11
	Epidemic
	AH3N2
	2012

	2012-05-11
	2012-05-11
	Inter-Epidemic
	AH3N2
	-

	2016-03-25
	2016-11-25
	Epidemic
	AH3N2
	2016

	2016-11-25
	2018-06-15
	Inter-Epidemic
	AH3N2
	-

	2018-06-15
	2018-12-14
	Epidemic
	AH3N2
	2018

	2018-12-14
	2010-12-17
	Inter-Epidemic
	B
	

	2010-12-17
	2011-08-05
	Epidemic
	B
	2011

	2011-08-05
	2011-08-12
	Inter-Epidemic
	B
	

	2011-08-12
	2012-03-19
	Epidemic
	B
	2011

	2012-03-19
	2013-05-03
	Inter-Epidemic
	B
	

	2013-05-03
	2013-12-13
	Epidemic
	B
	2013

	2013-12-13
	2015-11-27
	Inter-Epidemic
	B
	

	2015-11-27
	2016-05-20
	Epidemic
	B
	2016

	2016-05-20
	2017-09-01
	Inter-Epidemic
	B
	

	2017-09-01
	2018-06-22
	Epidemic
	B
	2018



5. [bookmark: _luyy6ja5hw2i]Relationship between infection in previous season and susceptibility in current season

We posit that vaccination may reduce the opportunity to acquire infection-derived immunity and hence increase susceptibility in individuals whose vaccine protection has waned compared to non-vaccinated people. In order to investigate this potential relationship we investigated the relationship between the number of infections in the previous season compared to the susceptibility in the current season. If there is a strong correlation between them it implies that infections in the previous season have a large impact on the current season and hence the susceptibility is strongly influenced by the infection-derived immunity in the previous season. Alternatively if there is no / a weak correlation then we can conclude that susceptibility is not strongly driven by infections in the previous season. We analysed this for both the previous subtype specific epidemic as well as for the previous epidemic regardless of subtype. We found that there was a very weak correlation for both scenarios with an R2 value of 0.034 and 0.023 respectively. Figure S2 shows the scatter plots broken down by age group. 

[image: ]
Figure S2: Scatter plots showing the number of infections in the previous epidemic (either subtype specific or not) against the susceptibility values in the current epidemic. Each point represents one sample from the posterior and colours indicate epidemics. 

6. [bookmark: _4uxyerdgd9ke]Cases and Immunity output by age and viral subtype

Figure S3 shows the vaccine-derived population immunity by age group and virus subtype for the model. Figure S4 shows the cases over time by scenario broken down by age group and viral subtype. 
[image: ]
Figure S3: Percentage of the population with vaccine immunity for each scenario split by virus subtype and age group. 

[image: ]Figure S4: Infections per 100’000 population by Age group and virus subtype, for each vaccine scenario. 

7. [bookmark: _242k5r1vb75x]Basic reproduction number for each epidemic in 2010-2018

The basic reproduction numbers of each epidemic in the dataset are shown in Figure S5. These were calculated using the Next Generation Matrix method as in (37). Transmission () and Transition () matrices for just one age group are shown below, see github repository for the full matrices.  is the transmission rate,  is the contact rate between age groups i and j,  is the latency period and  is the infectious period. 
[image: ][image: ]


[image: ]
Figure S5: Distribution of R0s across epidemics. The red dashed line indicates the means across all epidemics.
8. [bookmark: _azr53rco5vav]Further details of cost-effectiveness analyses

8.1 Decision tree model
[image: ]

Figure S6: Economic evaluation decision tree used to project health-related outcomes associated with influenza infections (adapted from Dawa et al. 2020 (2)(1)). URTI stands for Upper Respiratory Tract Infection and LRTI for Lower Respiratory Tract Infection.

8.2 Input parameters

Table S4: Values for parameters governing disease state transitions healthcare utilisation and DALY weights used in the economic model. Means and 95% confidence intervals (CI) (or means only where confidence intervals are not available) are presented. Samples of these parameters were drawn from a beta distribution whose shape parameters were calculated first by fitting the mean and confidence intervals to a beta distribution
	Outcome
	Age group
	Mean
	Lower 95% CI
	Upper 95% CI
	Reference

	Parameters governing disease state transitions

	Proportion developing any clinical illness
	All ages
	0.669
	0.583
	0.745
	(25)

	Proportion developing URTI
	All ages
	0.588
	0.455
	0.708
	

	Proportion developing lower respiratory tract symptoms
	All ages
	0.21
	0.14
	0.303
	

	Proportion of influenza hospitalised cases that die
	<1 yr
	0.0274
	0
	0.0616
	(2)

	
	1-5 yrs
	0.0091
	0
	0.0322
	

	
	6-14 yrs
	0.0108
	0
	0.0902
	

	
	15-19 yrs
	0
	0
	0.1116
	

	
	20-49 yrs
	0.0331
	0
	0.0818
	

	
	>50 yrs
	0.1818
	0.0909
	0.308
	

	
	All ages
	0.02
	0.0035
	0.0373
	

	Proportion of resp deaths that occur in hospitals
	<1 yr
	0.2794
	0.2451
	0.314
	(2)

	
	1-5 yrs
	0.2899
	0.2471
	0.3349
	

	
	6-14 yrs
	0.4361
	0.3534
	0.5278
	

	
	15-19 yrs
	0.525
	0.375
	0.6795
	

	
	20-49 yrs
	0.5067
	0.4626
	0.5525
	

	
	>50 yrs
	0.2715
	0.2421
	0.3012
	

	
	All ages
	0.3287
	0.3106
	0.3474
	

	Parameters governing health care utilisation events

	Proportion of outpatient cases who purchased medication prior to clinic visit
	All ages
	0.718
	NA
	NA
	(26)

	Proportion of hospitalised cases who sought care after discharge from hospital
	All ages
	0.105
	NA
	NA
	

	Proportion of inpatient cases where household members missed work due to illness
	All ages
	0.848
	NA
	NA
	

	Proportion of outpatient cases where household members missed work due to illness
	All ages
	0.518
	NA
	NA
	

	Proportion of inpatient cases where household members paid for child care in the course of sickness
	All ages
	0.029
	NA
	NA
	

	Proportion of outpatient cases where household members paid for child care in the course of sickness
	All ages
	0.018
	NA
	NA
	

	Proportion of cases with influenza  clinical illness who are hospitalised
	   0-5 yrs
	0.0102
	0.0089
	0.0117
	(27)

	
	   6-12 yrs
	0.0007
	0.0006
	0.001
	

	
	   13-17 yrs
	0.0006
	0.0004
	0.0011
	

	
	   18-24 yrs
	0.0008
	0.0006
	0.001
	

	
	   25-44 yrs
	0.0021
	0.0018
	0.0024
	

	
	   45-64 yrs
	0.0026
	0.002
	0.0033
	

	
	   65+ yrs
	0.0033
	0.0025
	0.0044
	

	Proportion of cases with influenza  clinical illness who attend OPC
	   0-5 yrs
	0.475
	0.39
	0.6
	

	
	   6-12 yrs
	0.118
	0.09
	0.17
	

	
	   13-17 yrs
	0.088
	0.06
	0.13
	

	
	   18-24 yrs
	0.035
	0.02
	0.08
	

	
	   25-44 yrs
	0.034
	0.02
	0.07
	

	
	   45-64 yrs
	0.027
	0.01
	0.05
	

	
	   65+ yrs
	0.036
	0.02
	0.07
	

	DALY weights

	DALY weights for influenza cases with mild illness/upper respiratory tract infection
	All ages
	0.006
	0.002
	0.012
	(28)

	DALY weights for influenza cases with lower respiratory tract illness that are not hospitalised
	All ages
	0.051
	0.032
	0.074
	

	DALY weights for influenza cases with lower respiratory tract illness that are hospitalised
	All ages
	0.133
	0.088
	0.19
	




Table S5: Costs of influenza-associated illness (in USD) used in the economic model. Means and standard deviations (or means only where standard deviation values are not available) are presented. Samples of these parameters (except vaccine purchase costs) were drawn from a gamma distribution. 

	Type of cost
	Mean
	Standard deviation
	Year
	Reference

	Indirect costs

	Child care costs among influenza cases attending outpatient clinics who report household members paid for child care
	0.07
	0.57
	2014
	(26)

	Child care costs among hospitalised influenza cases who report household members paid for child care
	0.11
	0.75
	2014
	

	Lost wages among influenza cases attending outpatient visit who report that household members missed work
	12.84
	27.17
	2014
	

	Lost wages among hospitalised influenza cases who report that household members missed work
	42.02
	41.54
	2014
	

	Direct medical costs

	Facility based medical costs among influenza cases attending outpatient clinic
	4.34
	1.3
	2014
	(26)

	Facility based medical costs among hospitalised influenza cases
	59.19
	59.39
	2014
	

	Health care costs after discharge among hospitalised influenza cases who sought care after discharge
	3.28
	6.19
	2014
	

	Influenza vaccine purchase costs per dose
	3
	NA
	-
	Assumed

	Vaccine administration cost per dose – provision of immunisation services at health facility
	1
	0.72
	2012
	(29)

	Vaccine administration cost per dose - Supply chain cost per dose from national level to health facility
	0.43
	NA
	2012
	

	Healthcare related costs

	Transportation costs among influenza cases with attending outpatient clinic
	0.4
	0.87
	2014
	(26)

	Transportation costs among hospitalised influenza cases
	5.03
	8.32
	2014
	

	Cost of over the counter medication for influenza cases who had health care costs before visiting outpatient clinics
	1.39
	3.9
	2014
	

	Transportation costs to receive vaccine at health facility
	0.2
	0.435
	-
	Assumed




Table S6: Willingness to pay (WTP) thresholds used in this study. These include - the WHO ‘best buy’ threshold of $100 per DALY averted reserved for evaluating some of the most cost-effective programmes that WHO has ever evaluated (17) and thresholds derived using two broad approaches - marginal productivity thresholds which reflect opportunity costs of health interventions (18,19); and those based on values of national per capita gross domestic product (pc GDP) as estimated by the Commission for Macroeconomics and Health (CMH) (20,21).
	Sl. No.
	WTP threshold (USD)
	Description*
	Reference

	1.  	 
	19.13
	1% Kenya pc GDP (2019)
	(32)

	2.  	 
	100
	WHO best buy 
	(30)

	3.  	 
	491
	36% Kenya pc GDP (2015)
	(31)

	4.  	 
	497.29
	Median Kenya pc GDP (2019) (26% GDP)
	(32)(

	5.  	 
	542
	39% Kenya pc GDP (2015)
	(31)(

	6.  	 
	623
	45% Kenya pc  GDP (2015)
	(31)

	7.  	 
	647
	47% Kenya pc GDP (2015)
	(31)

	8.  	 
	975.45
	51% Kenya pc  GDP (2019)
	(32)

	9.  	 
	1912.65
	1x Kenya pc GDP (2019)
	(33,34)

	10.   
	5737.95
	3x Kenya pc GDP (2019)
	(33,34)



	8.3 Calculation of threshold vaccine price

Threshold vaccine prices were calculated as 

Threshold per-dose vaccine price = (Monetary benefit of vaccination)/(Number of vaccine doses administered) 

where

Monetary benefit of vaccination = Total costs offset due to vaccination + (Total DALYs averted x willingness-to-pay per DALY averted)

	8.4 Detailed results
Table S7: Median values (and 95% credible intervals) for different measures for each of the six vaccination scenarios explored. Costs are expressed in terms of 2019 USD. 
	Measure
	No vaccination
	Current seasonal
	Improved (minimal)
	Improved (breadth)
	Improved (efficacy)
	Universal

	Total cases (millions)
	45.98 (38.72 53.45)
	32.41 (26.38 39.27)
	26.76 (20.81 34.07)
	22.14 (16.23 29.28)
	19.5 (13.86 26.51)
	15.39 (9.94 22.17)

	Total URT infections (millions)
	26.88 (19.67 33.92)
	18.76 (13.87 24.96)
	15.51 (11.03 21.26)
	12.9 (8.77 18.02)
	11.34 (7.51 16.38)
	8.97 (5.62 13.71)

	Total out-patient visits by patients with URT infection (millions)
	5.12 (3.95 6.48)
	3.25 (2.5 4.13)
	2.55 (1.92 3.25)
	2 (1.46 2.61)
	1.7 (1.22 2.28)
	1.27 (0.86 1.78)

	Total LRT infections (millions)
	9.88 (6.18 14.4)
	6.96 (4.25 10.46)
	5.74 (3.42 8.97)
	4.75 (2.83 7.71)
	4.19 (2.45 6.9)
	3.28 (1.84 5.66)

	Total LRT infections that are not hospitalised (millions)
	9.78 (6.11 14.3)
	6.9 (4.19 10.39)
	5.69 (3.38 8.91)
	4.71 (2.79 7.66)
	4.15 (2.42 6.84)
	3.25 (1.82 5.63)

	Total patients with severe illness that are hospitalised
	0.1 (81868 0.13)
	68381 (53050 85874)
	54208 (41090 69508)
	43149 (30789 57266)
	36984 (25951 50111)
	28279 (18595 40494)

	Total deaths
	9254 (4893 16746)
	6574 (3513 11830)
	5541 (2894 9904)
	4665 (2377 8575)
	4121 (2102 7624)
	3404 (1684 6433)

	Total lost wages (millions USD) due to influenza related illness (non-hospitalised)
	7.96 (15 316.15)
	5.05 (10 209.7)
	3.86 (8 160.77)
	3.04 (6 126.68)
	2.59 (5 103.75)
	2.01 (4 80.41)

	Total lost wages (millions USD) due to influenza related hospitalisation
	3.54 (0.12 18.81)
	2.33 (82826 12.39)
	1.83 (67894 9.72)
	1.49 (54155 7.98)
	1.26 (46350 6.7)
	0.97 (36148 5.27)

	Total YLD (undiscounted)
	7290 (4194 11950)
	5164 (2912 8529)
	4281 (2320 7198)
	3542 (1851 6111)
	3091 (1601 5565)
	2459 (1201 4527)

	Total YLL (undiscounted) (millions)
	0.29 (0.13, 0.66)
	0.19 (94246, 0.43)
	0.16 (75876, 0.34)
	0.13 (61666, 0.27)
	0.11 (54199, 0.24)
	87970 (40831, 0.18)

	Total DALYs (undiscounted) (millions)
	0.29 (0.14, 0.67)
	0.2 (98670, 0.44)
	0.16 (79596, 0.35)
	0.13 (65072, 0.28)
	0.12 (55974, 0.24)
	90601 (42763, 0.18)

	Total YLD (discounted)
	6462 (3710 10644)
	4585 (2555 7588)
	3813 (2075 6393)
	3152 (1652 5486)
	2759 (1429 4951)
	2202 (1086 4053)

	Total YLL (discounted) (millions)
	0.14 (69262, 0.29)
	95559 (47323, 0.19)
	79121 (39241, 0.15)
	65488 (32841, 0.13)
	57573 (28470, 0.11)
	46180 (22808, 91122)

	Total DALYs (discounted) (millions)
	0.14 (75844, 0.29)
	0.1 (51595, 0.2)
	83319 (42665, 0.16)
	68918 (35146, 0.13)
	60535 (30494, 0.11)
	48521 (24496, 93863)

	Vaccine doses administered (including 15% wastage) (millions)
	0
	34.98
	34.98
	16.14
	22.42
	16.14

	Vaccine costs (administration) (millions USD)
	0
	62.96 (25.94 158.74)
	62.96 (25.94 158.74)
	30.45 (12.55 76.77)
	41.29 (17.01 104.09)
	30.45 (12.55 76.77)

	Vaccine purchase costs (total doses) (millions USD)
	0
	104.95
	104.95
	48.41
	67.26
	48.41

	Total vaccine costs (administration and purchase) (millions USD)
	0
	167.91 (130.89 263.69)
	167.91 (130.89 263.69)
	78.86 (60.96 125.18)
	108.54 (84.27 171.35)
	78.86 (60.96 125.18)

	Direct medical costs (millions USD)
	38.22 (19.29 70.88)
	192.45 (152.43 293.68)
	187.05 (147.41 285.48)
	94.58 (73.54 143.04)
	121.85 (95.14 186.48)
	89.15 (69.57 136.77)

	Direct medical costs (excl. vaccine purchase and administration costs) (millions USD)
	38.22 (19.29 70.88)
	24.6 (12.12 45.91)
	19.19 (9.18 35.82)
	15.42 (7.34 29.12)
	13.09 (6.24 25.13)
	10.07 (4.59 19.64)

	Healthcare related costs (millions USD)
	3.96 (0.03 68.04)
	6.37 (0.03 84.23)
	5.59 (0.02 74.93)
	3.5 (0.02 45.19)
	3.75 (0.02 49.17)
	2.86 (0.01 36.66)

	Healthcare related costs (excl. transport costs to seek vaccination) (millions USD)
	3.96 (0.03 68.04)
	2.57 (0.02 43.61)
	2.02 (0.02 34.47)
	1.6 (0.01 26.43)
	1.36 (0.01 22.34)
	1.05 (0.01 16.67)

	Indirect costs (millions USD)
	14.79 (0.74 319.01)
	9.59 (0.48 215.64)
	7.58 (0.38 168.18)
	6.01 (0.29 132.29)
	5.08 (0.25 106.95)
	4 (0.2 80.83)

	Total costs (millions USD)
	69.7 (29.63 392.52)
	230.73 (165.56 463.21)
	220.56 (159.27 403.95)
	115.89 (81.2 253.7)
	143.54 (103.34 271.65)
	105.38 (75.76 198.59)

	Total costs (excl. vaccine purchase administration and transport costs) (millions USD)
	69.7 (29.63 392.52)
	44.87 (19.15 250.77)
	35.31 (14.87 192.27)
	28.62 (12.04 151.51)
	24.28 (10.06 129.82)
	18.68 (7.43 99.23)

	Discounted total costs (millions USD)
	62.68 (26.45 351.54)
	206.33 (147.52 415.91)
	196.97 (141.89 362.76)
	105.19 (73.46 232.49)
	129.15 (92.78 245.28)
	95.65 (68.65 182.97)

	Incremental total costs (millions USD)
	0
	144.02 (40.55 255.28)
	135.01 (-14.59 246.96)
	39.34 (-140.89 91.66)
	64.54 (-134.41 137.06)
	29.81 (-197.52 85.18)

	Incremental total costs (discounted) (millions USD)
	0
	128.64 (35.62 228.43)
	120.28 (-15.77 221.4)
	36.21 (-123.05 84.66)
	58.17 (-118.79 123.59)
	27.67 (-174.38 78.21)

	DALYs averted (undiscounted) (millions)
	0
	0.1 (0.04, 0.24)
	0.13 (0.06, 0.33)
	0.16 (0.07, 0.4)
	0.18 (0.08, 0.43)
	0.2 (0.09, 0.49)

	ICER per DALY averted (discounted costs)
	NA
	1340 (259, 3914)
	881 (-83, 2611)
	204 (-735, 775)
	303 (-645, 1014)
	128 (-862, 554)

	DALYs averted (discounted) (millions)
	0
	0.04 (0.02, 0.1)
	0.06 (0.03, 0.14)
	0.07 (0.04, 0.17)
	0.08 (0.04, 0.18)
	0.1 (0.05, 0.21)

	ICER per DALY averted (discounted costs & DALYs)
	NA
	2923 (642, 8022)
	1908 (-187, 5136)
	443 (-1620, 1525)
	659 (-1371, 2024)
	277 (-1793, 1115)



Table S8: Total vaccine doses administered and median (with 95% credible intervals) values of total cases total discounted DALYs incurred total undiscounted costs and total discounted DALYs averted in each year for each vaccination scenario. All costs are expressed in terms of 2019 USD. 
	Vaccine
	Year
	Total doses administered (millions)
	Total cases (millions)
	Total DALYs (discounted)
	Total costs (discounted) (millions USD)
	Total DALYs averted (discounted)

	No vaccination
	2010
	0
	2.66 (0.88 5)
	9968 (2944, 24387)
	5.45 (1.28 33.84)
	0

	
	2011
	
	6.82 (4.51 9.59)
	21861 (9980, 46842)
	11.54 (4.61 63.95)
	0

	
	2012
	
	7.44 (5.1 10.63)
	28048 (12865, 58302)
	12.76 (5.24 68.26)
	0

	
	2013
	
	2.29 (0.63 4.17)
	6742 (2005, 21184)
	4.05 (0.8 23.9)
	0

	
	2014
	
	4.62 (2.86 6.32)
	12258 (5073, 27440)
	5.37 (2.07 30.06)
	0

	
	2015
	
	0.65 (0.52 0.82)
	2330 (1234, 4357)
	0.72 (0.32 3.98)
	0

	
	2016
	
	14.87 (11.12 19.91)
	42277 (18875, 88010)
	14.41 (5.9 76.07)
	0

	
	2017
	
	0.6 (0.42 1.27)
	2246 (1035, 6276)
	0.72 (0.25 4.48)
	0

	
	2018
	
	5.5 (3.17 8.08)
	15928 (5928, 44136)
	6.78 (2.53 37.14)
	0

	
	2019
	
	0.25 (0.15 0.38)
	736 (311, 1903)
	0.28 (97506 1.53)
	0

	Current seasonal
	2010
	3.49
	0.91 (0.5 2.77)
	3898 (1583, 11516)
	22.96 (16.16 40.36)
	5764 (1157, 15534)

	
	2011
	3.58
	4.83 (2.94 7.42)
	15310 (6482, 31898)
	28.44 (19.48 66.43)
	6402 (2816, 15811)

	
	2012
	3.68
	6.47 (4.14 9.88)
	24210 (10623, 52189)
	30.27 (20.2 77.66)
	3876 (1473, 8652)

	
	2013
	3.78
	0.62 (0.42 1.22)
	2270 (1145, 5393)
	19.29 (14.32 31.86)
	4566 (600, 16246)

	
	2014
	3.88
	4.03 (2.14 5.75)
	10430 (4152, 23588)
	22.63 (16.25 45.41)
	1758 (564, 4190)

	
	2015
	3.98
	0.64 (0.51 0.83)
	2287 (1204, 4191)
	17.63 (13.54 27.5)
	46 (-118, 226)

	
	2016
	4.09
	11.89 (8.17 17.48)
	33238 (14416, 67131)
	28.11 (18.88 76.32)
	8968 (3204, 22036)

	
	2017
	4.19
	0.45 (0.38 0.69)
	1717 (904, 3497)
	16.45 (12.95 25.07)
	499 (83, 2982)

	
	2018
	4.3
	1.72 (0.92 3.36)
	4960 (1986, 13888)
	17.95 (13.78 29.58)
	10746 (3864, 29587)

	
	2019
	0
	0.18 (70168 0.39)
	508 (176, 1750)
	0.19 (42836 1.25)
	199 (-662, 1227)

	Improved (minimal)
	2010
	3.49
	0.89 (0.49 2.76)
	3840 (1551, 11474)
	22.9 (16.13 40.32)
	5825 (1198, 15662)

	
	2011
	3.58
	3.73 (2.15 6.13)
	11713 (4778, 23907)
	26.18 (18.08 55.35)
	9804 (4338, 23687)

	
	2012
	3.68
	5.26 (2.98 8.79)
	19486 (7744, 43416)
	27.94 (18.9 66.65)
	8594 (3675, 18568)

	
	2013
	3.78
	0.53 (0.4 0.88)
	2012 (1041, 4161)
	19.01 (14.18 31.02)
	4835 (641, 17696)

	
	2014
	3.88
	3.09 (1.03 4.87)
	7576 (2532, 19207)
	21.34 (15.55 37.79)
	4397 (1388, 10759)

	
	2015
	3.98
	0.69 (0.53 0.91)
	2376 (1244, 4415)
	17.71 (13.55 27.76)
	-30 (-639, 369)

	
	2016
	4.09
	10.28 (6.91 16.23)
	28613 (12354, 59434)
	26.4 (17.95 69.03)
	13380 (5138, 31934)

	
	2017
	4.19
	0.41 (0.37 0.55)
	1583 (867, 2924)
	16.33 (12.89 24.9)
	627 (108, 3588)

	
	2018
	4.3
	1.09 (0.68 2.31)
	3304 (1467, 8744)
	17.02 (13.3 25.98)
	12558 (4315, 35180)

	
	2019
	0
	0.1 (64653 0.34)
	349 (152, 1247)
	0.11 (31224 0.92)
	358 (-407, 1396)

	Improved (breadth)
	2010
	3.49
	0.88 (0.48 2.74)
	3787 (1521, 11433)
	22.81 (16.1 40.27)
	5871 (1245, 15786)

	
	2011
	1.44
	3.34 (1.81 5.7)
	10378 (4224, 21539)
	13.04 (8.48 34.55)
	11040 (4987, 26739)

	
	2012
	1.48
	4.72 (2.54 8.34)
	17319 (6657, 40232)
	15.11 (9.34 48.78)
	10649 (4665, 22751)

	
	2013
	1.52
	0.58 (0.4 1.11)
	2124 (1083, 4817)
	8.39 (6.1 14.23)
	4703 (665, 16967)

	
	2014
	1.56
	1.9 (0.51 3.93)
	4727 (1475, 14206)
	9.31 (6.43 19.04)
	7192 (2359, 17543)

	
	2015
	1.6
	0.71 (0.51 0.99)
	2388 (1197, 4548)
	7.65 (5.79 12.34)
	-35 (-940, 699)

	
	2016
	1.64
	8.07 (4.44 14.33)
	21717 (8739, 47503)
	13.68 (8.45 45.32)
	19810 (7662, 45836)

	
	2017
	1.68
	0.4 (0.37 0.52)
	1528 (837, 2792)
	6.86 (5.34 10.46)
	689 (135, 3722)

	
	2018
	1.73
	0.64 (0.51 1.02)
	2095 (1066, 4585)
	7.04 (5.47 11.21)
	13761 (4711, 38817)

	
	2019
	0
	64814 (62121 0.12)
	244 (131, 467)
	56614 (23857 0.35)
	497 (129, 1511)

	Improved (efficacy)
	2010
	3.49
	0.75 (0.46 2.36)
	3199 (1386, 9371)
	22.48 (15.82 39)
	6469 (1351, 17305)

	
	2011
	2.15
	2.79 (1.44 5.05)
	8550 (3466, 18152)
	16.08 (10.99 34.21)
	12642 (5695, 30647)

	
	2012
	2.21
	3.97 (1.91 7.88)
	14499 (5240, 35273)
	17.9 (11.67 44.96)
	13300 (5807, 28316)

	
	2013
	2.27
	0.48 (0.39 0.72)
	1843 (989, 3571)
	11.74 (8.67 19.2)
	4980 (689, 18149)

	
	2014
	2.33
	1.48 (0.44 3.63)
	3848 (1292, 13136)
	12.42 (9.01 21.61)
	7985 (2687, 19692)

	
	2015
	2.39
	0.7 (0.47 0.99)
	2312 (1178, 4456)
	10.97 (8.43 17.14)
	12 (-948, 809)

	
	2016
	2.46
	7.46 (3.78 13.56)
	20049 (7565, 44206)
	16.34 (10.98 45.54)
	21515 (8336, 49896)

	
	2017
	2.52
	0.39 (0.36 0.48)
	1481 (824, 2618)
	9.99 (7.84 15.18)
	734 (138, 3943)

	
	2018
	2.58
	0.58 (0.49 0.86)
	1946 (1005, 4012)
	10.07 (7.94 15.31)
	13919 (4753, 39282)

	
	2019
	0
	62856 (61873 91319)
	234 (129, 414)
	52442 (23252 0.32)
	511 (150, 1532)

	Universal
	2010
	3.49
	0.74 (0.45 2.36)
	3161 (1371, 9346)
	22.46 (15.8 38.91)
	6492 (1368, 17347)

	
	2011
	1.44
	2.52 (1.29 4.71)
	7738 (3091, 16862)
	11.59 (7.75 27.13)
	13441 (6107, 32650)

	
	2012
	1.48
	3.23 (1.43 7.34)
	11626 (3977, 31367)
	12.7 (7.99 34.62)
	15896 (6978, 34552)

	
	2013
	1.52
	0.47 (0.38 0.67)
	1767 (957, 3304)
	8.04 (5.92 13.12)
	5067 (709, 18372)

	
	2014
	1.56
	0.71 (0.37 2.84)
	2258 (1047, 8540)
	8.11 (5.96 14.05)
	9527 (3456, 22199)

	
	2015
	1.6
	0.57 (0.41 0.98)
	2008 (1079, 3951)
	7.43 (5.69 11.66)
	324 (-759, 1182)

	
	2016
	1.64
	5.53 (1.17 10.78)
	13994 (3047, 33267)
	10.91 (7.09 30.86)
	27379 (11306, 61738)

	
	2017
	1.68
	0.37 (0.35 0.51)
	1444 (800, 2532)
	6.8 (5.3 10.37)
	774 (121, 3999)

	
	2018
	1.73
	0.44 (0.4 0.54)
	1531 (841, 2820)
	6.73 (5.28 10.21)
	14272 (4914, 40386)

	
	2019
	0
	59676 (59673 59958)
	217 (122, 368)
	44610 (20062 0.24)
	526 (169, 1576)



Table S9: Median (and 95% CrI) values of incremental net monetary benefits (in millions of USD) (2010 - 2019) across ten thresholds of willingness-to-pay per DALY averted. 
	Vaccine
	Threshold = $19
	Threshold = $100
	Threshold = $491
	Threshold = $497
	Threshold = $542
	Threshold = $623
	Threshold = $647
	Threshold = $975
	Threshold = $1913
	Threshold = $5738

	Current seasonal
	-127.79 (-227.62, -34.3)
	-123.86 (-224.12, -28.71)
	-105.58 (-202.67, -11.03)
	-105.28 (-202.39, -10.69)
	-103.13 (-200.37, -8.27)
	-99.26 (-196.37, -2.34)
	-98.21 (-195.69, 0.6)
	-84.34 (-185.01, 28.41)
	-43.99 (-146.01, 104.59)
	121.6 (-48.27, 472.08)

	Improved (minimal)
	-118.88 (-220.41, 17.34)
	-113.62 (-215.14, 21.52)
	-87.95 (-187.92, 47.57)
	-87.57 (-187.66, 48.05)
	-85.1 (-185.82, 51.42)
	-79.16 (-181.35, 57.52)
	-77.59 (-180.17, 59.33)
	-57.96 (-160.17, 93.47)
	0.29 (-120.79, 208.58)
	234.9 (19.61, 701.78)

	Improved (breadth)
	-34.63 (-83.57, 124.24)
	-28.25 (-77.18, 130.87)
	3.77 (-51.16, 167.22)
	4.27 (-50.99, 167.84)
	8.04 (-49.25, 172.28)
	14.45 (-45.6, 180.31)
	16.4 (-44.06, 182.31)
	41.89 (-27.21, 215.68)
	115.49 (15.74, 356.58)
	409.02 (165.64, 967.35)

	Improved (efficacy)
	-56.75 (-122.69, 120.2)
	-50.23 (-115.06, 127.45)
	-15.06 (-86.57, 168.4)
	-14.6 (-86.19, 169.07)
	-10.57 (-83.06, 173.77)
	-3.27 (-77.34, 182.27)
	-1.19 (-75.62, 184.79)
	28.23 (-56.7, 221.32)
	110.06 (-6.85, 375.15)
	431.45 (164.48, 1053.1)

	Universal
	-25.83 (-76.4, 176.29)
	-18.3 (-68.42, 185.16)
	22.33 (-39.46, 239.08)
	23.09 (-38.98, 239.68)
	27.5 (-35.57, 243.98)
	36.12 (-30.5, 251.98)
	38.38 (-29, 254.42)
	71.79 (-7.76, 300.96)
	166.59 (45.59, 455.83)
	533.33 (238.73, 1200.11)



Table S10: Median (and 95% CrI) values of threshold per-dose vaccine prices at or below which each vaccination scenario is cost-effective calculated using discounted costs and DALYs across ten thresholds of willingness-to-pay per DALY averted. These are calculated while including a median vaccine administration cost of approximately $1.80 per dose.
	Vaccine
	Threshold = $19
	Threshold = $100
	Threshold = $491
	Threshold = $497
	Threshold = $542
	Threshold = $623
	Threshold = $647
	Threshold = $975
	Threshold = $1913
	Threshold = $5738

	Current seasonal
	-0.99 (-3.85, 1.68)
	-0.88 (-3.75, 1.84)
	-0.36 (-3.13, 2.34)
	-0.35 (-3.13, 2.35)
	-0.29 (-3.07, 2.42)
	-0.18 (-2.95, 2.59)
	-0.15 (-2.93, 2.68)
	0.25 (-2.63, 3.47)
	1.4 (-1.51, 5.65)
	6.14 (1.28, 16.15)

	Improved (minimal)
	-0.74 (-3.64, 3.16)
	-0.59 (-3.49, 3.27)
	0.15 (-2.71, 4.02)
	0.16 (-2.7, 4.03)
	0.23 (-2.65, 4.13)
	0.4 (-2.52, 4.3)
	0.44 (-2.49, 4.36)
	1 (-1.92, 5.33)
	2.67 (-0.79, 8.62)
	9.37 (3.22, 22.72)

	Improved (breadth)
	0.56 (-2.48, 10.4)
	0.95 (-2.08, 10.81)
	2.94 (-0.47, 13.07)
	2.97 (-0.46, 13.1)
	3.2 (-0.35, 13.38)
	3.6 (-0.12, 13.88)
	3.72 (-0.03, 14)
	5.3 (1.02, 16.07)
	9.86 (3.68, 24.8)
	28.05 (12.97, 62.65)

	Improved (efficacy)
	0.15 (-2.79, 8.04)
	0.44 (-2.45, 8.37)
	2.01 (-1.18, 10.19)
	2.03 (-1.16, 10.22)
	2.21 (-1.02, 10.43)
	2.53 (-0.77, 10.81)
	2.63 (-0.69, 10.92)
	3.94 (0.15, 12.55)
	7.59 (2.37, 19.41)
	21.93 (10.02, 49.66)

	Universal
	1.1 (-2.03, 13.63)
	1.57 (-1.54, 14.18)
	4.09 (0.26, 17.52)
	4.13 (0.29, 17.56)
	4.41 (0.5, 17.82)
	4.94 (0.81, 18.32)
	5.08 (0.91, 18.47)
	7.15 (2.22, 21.35)
	13.03 (5.53, 30.95)
	35.75 (17.5, 77.07)




[image: ]
Figure S7: Cost effectiveness acceptability curves for the five different vaccine scenarios. Vertical lines represent four selected willingness to pay thresholds (USD) per DALY averted. A. Current seasonal vaccine B. Improved (minimal) vaccine C. Improved (efficacy) vaccine D. Improved (breadth) vaccine E. Universal vaccine

9. [bookmark: _sbdqmlqqd9o6]Sensitivity Analysis

A. Coverage

A sensitivity analysis was run with altered coverage of vaccines in the target age groups. This coverage was increased to 75% and decreased to 25% but all the other aspects of the modelling were kept the same as in the base case. Figures S8-S9 show the epidemiological model output and Figure S10 shows the cost-effectiveness output for the 75% coverage scenario, and Figures S11-S13 show the equivalent for the 25% coverage scenario
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Figure S8:  Percentage of the population with vaccine immunity for each scenario split by virus subtype and age group for a sensitivity analysis with 75% coverage across target age groups as opposed to the main analysis scenario of 50%. 

[image: ]
Figure S9: Cumulative number of infections by vaccine scenario when vaccine coverage is 75%. 


[image: ]Figure S10: Results with vaccine coverage at 75%. A) Mean (with 95% CrI) reduction in number of cases (in millions) by mean (with 95% CrI) discounted incremental total costs (in millions of USD) for each vaccine (2010 – 2019). B) Boxplot of incremental cost effectiveness ratios (ICER) per disability adjusted life year (DALY) averted for each vaccine (2010 - 2019). Horizontal lines represent different willingness-to-pay thresholds per DALY averted. C) Boxplot of incremental net monetary benefits (INMB) (in millions of USD) (2010 to 2019) at four selected thresholds of willingness-to-pay per DALY averted. D) Cost-effectiveness acceptability curve for vaccination scenarios with the highest probabilities of being most cost-effective at four selected willingness-to-pay thresholds per DALY averted (vertical lines).
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Figure S11:  Percentage of the population with vaccine immunity for each scenario split by virus subtype and age group for a sensitivity analysis with 25% coverage across target age groups as opposed to the main analysis scenario of 50%. 
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Figure S12: Cumulative number of infections by vaccine scenario when vaccine coverage is 25%. 


[image: ]Figure S13: Results with vaccine coverage at 25%. A) Mean (with 95% CrI) reduction in number of cases (in millions) by mean (with 95% CrI) discounted incremental total costs (in millions of USD) for each vaccine (2010 – 2019). B) Boxplot of incremental cost effectiveness ratios (ICER) per disability adjusted life year (DALY) averted for each vaccine (2010 - 2019). Horizontal lines represent different willingness-to-pay thresholds per DALY averted. C) Boxplot of incremental net monetary benefits (INMB) (in millions of USD) (2010 to 2019) at four selected thresholds of willingness-to-pay per DALY averted. D) Cost-effectiveness acceptability curve for vaccination scenarios with the highest probabilities of being most cost-effective at four selected willingness-to-pay thresholds per DALY averted (vertical lines).

B. Susceptibility - population fraction with waning. 

In this sensitivity analysis we assumed that lack of infections as a result of vaccinations resulted in an increased susceptibility to the same subtype (or lineage in the case of flu B) in the following years. We increased the susceptibility of the population by the fraction of the population that averted infection by the same subtype in all previous years reduced by an annual percentage of 10% to account for waning of infection-derived immunity in the original model. Modelling results are shown in Figure S14  where across all vaccine scenarios vaccination resulted in more infections. The relevant cost-effectiveness analysis results are shown in Figure S15. 

[image: ]Figure S14: Scenario with increased susceptibility after vaccination : Cumulative number of infections by vaccine scenario. 


[image: ]Figure S15: Scenario with increased susceptibility after vaccination. A) Mean (with 95% CrI) reduction in number of cases (in millions) by mean (with 95% CrI) discounted incremental total costs (in millions of USD) for each vaccine (2010 – 2019). B) Boxplot of incremental cost effectiveness ratios (ICER) per disability adjusted life year (DALY) averted for each vaccine (2010 - 2019). Horizontal lines represent different willingness-to-pay thresholds per DALY averted. C) Boxplot of incremental net monetary benefits (INMB) (in millions of USD) (2010 to 2019) at four selected thresholds of willingness-to-pay per DALY averted. D) Cost-effectiveness acceptability curve for vaccination scenarios with the highest probabilities of being most cost-effective at four selected willingness-to-pay thresholds per DALY averted (vertical lines).

C. Susceptibility - fixed reduction

In this sensitivity analysis we also assumed that a lack of infection as a result of vaccination resulted in a reduction in natural immunity (i.e. increased susceptibility). Here we assumed a constant 20% increase in susceptibility in ages 0-5 	across all seasons where vaccination had been implemented in the season before. Figure S16 shows the epidemiological and Figure S17 shows the cost-effectiveness analysis.

[image: ]
Figure S16: Sensitivity analysis with a fixed reduction in susceptibility: Cumulative number of infections by vaccine scenario. 
[bookmark: _h1wm9h9eui1q]
[image: ]Figure S17: Sensitivity analysis with a fixed reduction in susceptibility: A) Mean (with 95% CrI) reduction in number of cases (in millions) by mean (with 95% CrI) discounted incremental total costs (in millions of USD) for each vaccine (2010 – 2019). B) Boxplot of incremental cost effectiveness ratios (ICER) per disability adjusted life year (DALY) averted for each vaccine (2010 - 2019). Horizontal lines represent different willingness-to-pay thresholds per DALY averted. C) Boxplot of incremental net monetary benefits (INMB) (in millions of USD) (2010 to 2019) at four selected thresholds of willingness-to-pay per DALY averted. D) Cost-effectiveness acceptability curve for vaccination scenarios with the highest probabilities of being most cost-effective at four selected willingness-to-pay thresholds per DALY averted (vertical lines).

D. Exact efficacies

We ran the model using the efficacies for current seasonal and improved (minimal) vaccines found in the literature as in table S1, as opposed to the assumed of 40% or 70% efficacy dependent on match or mismatch.  

[image: ]
Figure S18:  Exact efficacies sensitivity analysis: Percentage of the population with vaccine immunity for each scenario split by virus subtype and age group

[image: ]	
Figure S19: Exact efficacies sensitivity analysis: Cumulative number of infections by vaccine scenario. 


[image: ]Figure S20: Exact efficacies sensitivity analysis: A) Mean (with 95% CrI) reduction in number of cases (in millions) by mean (with 95% CrI) discounted incremental total costs (in millions of USD) for each vaccine (2010 – 2019). B) Boxplot of incremental cost effectiveness ratios (ICER) per disability adjusted life year (DALY) averted for each vaccine (2010 - 2019). Horizontal lines represent different willingness-to-pay thresholds per DALY averted. C) Boxplot of incremental net monetary benefits (INMB) (in millions of USD) (2010 to 2019) at four selected thresholds of willingness-to-pay per DALY averted. D) Cost-effectiveness acceptability curve for vaccination scenarios with the highest probabilities of being most cost-effective at four selected willingness-to-pay thresholds per DALY averted (vertical lines).

E. Vaccine price

We ran an additional sensitivity analysis altering the cost per vaccine dose to $1.5, $6 or $10. Cost-effectiveness acceptability curves are shown in Figure S21. As per dose vaccine price increases the universal vaccines are cost-effective compared to no vaccination only at higher WTP thresholds.  


[image: ]Figure S21: Cost-effectiveness acceptability curves for the universal vaccination scenario with the highest probabilities of being most cost-effective at four selected willingness-to-pay thresholds per DALY averted (vertical lines) and assuming four different per-dose vaccine prices ($1.5 $3 $6 and $10)
[bookmark: _y1czsytvz618]
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