Rotavirus vaccination likely to be cost saving to society in the United States 

Appendix 1. 
Symptomatic rotavirus cases not requiring medical care
The approach to calculating the change in rotavirus cases not requiring medical care was the same as applied in Reyes et al. (1). We first established estimates of any symptomatic rotavirus cases as assumed in (2, 3) based on the results of a meta-analysis (4). In the model we assumed age-based annual incidence of 0.24, 0.06 and 0.03 for those aged 0-2 years, 2-3 years, 3-5 years respectively. To establish the decline in any symptomatic rotavirus cases we applied a vaccine efficacy of 74% against rotavirus of any severity (5). As detailed below we accounted for the estimated timeliness of vaccination, partial vaccination, and the loss of vaccine induced immunity over time. Note that the estimated impact on non-medically-attended rotavirus only includes direct (non-herd) protection from vaccination.
We primarily used all-cause AGE cases to establish the change in healthcare utilisation and consequently these data could not be used to establish the incidence of rotavirus specific medical attended cases. However, we assumed that any change in all-cause AGE healthcare utilisation was due to the prevention of rotavirus cases. Therefore, after establishing annual age-specific changes (declines) in any symptomatic rotavirus cases we calculated the change in rotavirus cases not requiring medical care by subtracting the change in age-specific medically attended cases (see Methods section). We assumed that non-medically attended cases would not increase, so if the estimated decline in medically attended cases exceeded the estimated decline in any symptomatic rotavirus cases we assumed the change in non-medically attended cases was zero. 
Vaccination uptake and coverage estimation 
Using data from the National Immunization Survey-Child (6), we estimated the weighted average of fully and partially vaccinated over the period 2006-2015 was approximately 85% RotaTeq and 15% Rotarix and for the period 2011-2015 approximately 77% RotaTeq and 23% Rotarix. Those vaccinated with an unknown brand were distributed proportionally based on those with details on the vaccination brand administered. Where uptake data was suppressed due to small cell counts, we assumed a value of 0%. Where partial vaccination was recorded, for RotaTeq we assumed half of partial uptake received 2 doses and the other half received 1 dose. Partial uptake of Rotarix was 1 dose. Therefore, the numbers of doses,  and , of RotaTeq and Rotarix, respectively, were:


where  is the proportion that is partially vaccinated with RotaTeq,  is the proportion that has completed full schedule of RotaTeq,  is the proportion that is partially vaccinated with Rotarix,  is the proportion that is fully vaccinated with Rotarix, and  is the population size of <1 year olds.
The timeliness of rotavirus vaccines administration in the US is generally good but not perfect. In each year, the average age (in months) when dose  with brand  is given as  
,
where  is the number of age ranges,  is the representative value of the  age range,   is the proportion of vaccine recipients who received the vaccine at age . The representative age  is set to be the full-month of age for single valued age groups, while is taken to be upper and lower limits of left and right interval-censored age groups, respectively (e.g. for age group 2 months of age we set  = 2 and for  9 months we set  = 9. Where timeliness data by brand was suppressed due to low counts, the percentages were normalised following the timeliness observed in the overall distribution of uptake regardless of the brand.  
We estimated the proportion  of a specific cohort that is protected at time  as

where  is for Rotarix and  is for RotaTeq. In the first year of life (), those fully vaccinated with Rotarix were assumed 50% protected from age  and fully protected by age . Those partially vaccinated with Rotarix were assumed to be 50% protected from age . Those fully vaccinated with RotaTeq were assumed to be 33% protected from age , 66% protected from age  and fully protected by age . Half of those partially vaccinated with RotaTeq were assumed to have received 2 doses while the other half were assumed to have received 1 dose. Those who received 2 doses of RotaTeq were assumed to be 33% protected from age  and 66% protected from age  until the end of the first year of life. Those who only received one dose were assumed to be 33% protected from age  until the end of the first year of life. For each succeeding year of life (), the protection of the cohort was assumed to wane at a rate  each year (7).
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Appendix Table 1. Estimated parameters and their distributions used in the probabilistic sensitivity analysis1
	Parameter
	Base-case (mean)
	Std. error
	Lower 95%
	Upper 95%
	Distribution type

	Healthcare costs
	
	
	
	
	

	Rotavirus hospitalization 
	
	
	
	
	

	0 - <1 year
	$4,698.00
	$69
	$4,564.22
	$4,832.88
	Gamma

	1 - <2 years
	$2,657.00
	$52
	$2,557.09
	$2,759.14
	Gamma

	2 - <3 years
	$2,610.00
	$51
	$2,510.84
	$2,711.10
	Gamma

	3 - <4 years
	$2,777.00
	$53
	$2,674.64
	$2,881.20
	Gamma

	4 - <5 years
	$2,437.00
	$49
	$2,340.74
	$2,534.23
	Gamma

	All-cause AGE hospitalization
	
	
	
	
	

	0 - <1 year
	$4,625.00
	$68
	$4,492.47
	$4,759.24
	Gamma

	1 - <2 years
	$3,370.00
	$58
	$3,256.70
	$3,484.24
	Gamma

	2 - <3 years
	$3,033.00
	$55
	$2,925.87
	$3,141.74
	Gamma

	3 - <4 years
	$3,946.00
	$63
	$3,823.75
	$4,069.98
	Gamma

	4 - <5 years
	$3,752.00
	$61
	$3,633.15
	$3,873.26
	Gamma

	All-cause AGE ED presentations
	
	
	
	
	

	0 - <1 year
	$718.00
	$27
	$666.44
	$771.46
	Gamma

	1 - <2 years
	$736.00
	$27
	$683.78
	$790.11
	Gamma

	2 - <5 years
	$783.00
	$28
	$729.11
	$838.79
	Gamma

	All-cause AGE outpatient and physician office visits
	
	
	
	
	

	0 - <1 year
	$94.00
	$10
	$75.96
	$113.93
	Gamma

	1 - <2 years
	$104.00
	$10
	$84.98
	$124.92
	Gamma

	2 - <5 years
	$109.00
	$10
	$89.50
	$130.39
	Gamma

	Intussusception hospitalization
	$5,985.00
	$544
	$4,930.31
	$7,062.18
	Gamma

	Vaccine administration per dose
	$10.00
	$12
	$0.50
	$19.50
	Uniform

	QALYs lost, per child
	
	
	
	
	

	Any gastroenteritis
	0.0022
	0.0003
	0.0017
	0.0027
	Beta

	Intussusception
	0.0037
	0.0005
	0.0028
	0.0046
	Beta

	No medical care
	0.0011
	0.0001
	0.0009
	0.0014
	Beta

	[bookmark: _Hlk39599829]Productivity costs
	
	
	
	
	

	Missed work days
	
	
	
	
	

	Child death
	10.0
	2.0
	6.6
	13.4
	Triangular

	All-cause AGE hospitalization
	5.0
	1.2
	3.0
	7.1
	Triangular

	All-cause AGE ED presentations
	2.0
	0.4
	1.3
	2.7
	Triangular

	All-cause AGE outpatient and physician office visits
	1.3
	0.3
	0.8
	1.8
	Triangular

	No medical care
	1.0
	0.4
	0.3
	1.7
	Triangular

	Vaccine efficacy
	
	
	
	
	

	Against rotavirus, any severity (used for non-health care seeking cases only)
	74%
	3% (for 1 – VE)
	67%
	80%
	Lognormal (for 1 – VE)

	Rate of waning protection 
(% of pervious year estimate)
	86%
	9%
	64%
	98%
	Beta

	No program rates (annual average)  
	
	
	
	
	

	Rotavirus hospitalizations
	
	
	
	
	

	0 - <1 year
	0.0029
	0.0001
	0.0027
	0.0031
	Beta

	1 - <2 years
	0.0025
	0.0002
	0.0021
	0.0030
	Beta

	2 - <3 years
	0.0018
	0.0002
	0.0014
	0.0023
	Beta

	3 - <4 years
	0.0005
	0.0001
	0.0004
	0.0006
	Beta

	4 - <5 years
	0.0002
	0.0001
	0.0001
	0.0003
	Beta

	All-cause AGE hospitalization
	
	
	
	
	

	0 - <1 year
	0.0151
	0.0002
	0.0146
	0.0156
	Beta

	1 - <2 years
	0.0100
	0.0001
	0.0092
	0.0107
	Beta

	2 - <3 years
	0.0084
	0.0005
	0.0074
	0.0095
	Beta

	3 - <4 years
	0.0032
	0.0002
	0.0029
	0.0035
	Beta

	4 - <5 years
	0.0023
	0.0001
	0.0021
	0.0025
	Beta

	All-cause AGE ED presentations
	
	
	
	
	

	0 - <1 year
	0.0197
	0.0002
	0.0193
	0.0201
	Beta

	1 - <2 years
	0.0294
	0.0013
	0.0269
	0.0320
	Beta

	2 - <5 years
	0.0121
	0.0004
	0.0113
	0.0129
	Beta

	All-cause AGE outpatient and physician office visits
	
	
	
	
	

	0 - <1 year
	0.1657
	0.0045
	0.1570
	0.1746
	Beta

	1 - <2 years
	0.2272
	0.0052
	0.2171
	0.2375
	Beta

	2 - <5 years
	0.0848
	0.0014
	0.0821
	0.0876
	Beta

	Annual probability of symptomatic rotavirus infection
	
	
	
	
	

	Age 0 - <2 years
	0.24
	0.05
	0.157
	0.359
	Beta

	Age 2 - <3 years
	0.07
	0.05
	0.006
	0.187
	Beta

	Age 3 - <5 years
	0.04
	0.04
	0.001
	0.134
	Beta


Abbreviations: AGE, acute gastroenteritis; ED, emergency department.
1 Please see the main article for details of sources used (where applicable) and/or assumptions. 
	











Appendix Table 2. Estimated total outcomes and prevented outcomes over the period 2006-2015 (since the program commenced), undiscounted  
	
	Total outcome (no program)
	Total outcome (with program)
	Total prevented outcomes (%)
	
Annual average prevented (%) 

	For the period 2006 - 2015

	Rotavirus deaths
	309
	94
	215 (69%)
	21 (49%)

	Rotavirus coded hospitalizations only
	319,000
	103,000
	216,000 (68%)
	21,600 (47%)

	All-cause AGE1 hospitalizations
	1,880,000
	1,002,000
	878,000 (47%)
	88,000 (53%)

	All-cause AGE1 ED2 presentations 
	3,424,000
	2,953,000
	471,000 (14%)
	47,000 (10%)

	All-cause AGE1 outpatient and physician office visits 
	25,931,000
	23,685,000
	2,246,000 (9%)
	225,000 (6%)

	Symptomatic infections not requiring medical care
	N/A
	N/A
	4,989,000 (N/A)
	499,000 (N/A)


Abbreviations: AGE, acute gastroenteritis; ED, emergency department. N/A = values cannot be calculated in our model.
Appendix Table 3. Base case estimated total QALYs, total costs and incremental cost-effectiveness results (ICER) over the period 2006-2015 (since the program commenced), discounted 
	
	Total QALY losses
	Incremental QALYs gained
	Total costs (millions $)
	Incremental costs (millions $)
	ICER ($/QALY)

	
	No program
	With program
	
	No program
	With program1
	
	

	Healthcare payer perspective
	70,072
	55,607
	14,465
	$9,452
	$11,351
	$1,899
	$131,282

	Societal perspective

	70,072
	55,607
	14,465
	$15,392
	$16,000
	$608
	$42,032


1Total discounted program cost over this period was estimated to be $4,333 million.


