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S1. SEIR model
Let  denote a demographic group and  the number of individuals in group . For each demographic group, individuals can be in one of the following health states: susceptible (S), exposed (E), infectious (I), recovered (R), dead (D), vaccinated and susceptible (V), vaccinated and exposed (EV), or vaccinated and infectious (IV). Let , , , , , , , and  denote the proportion of individuals in demographic group  in each possible health state at time , with

The disease dynamics for susceptible individuals are given by

 is the number of susceptible individuals in demographic group  that is vaccinated in period , and  is the force of infection for a susceptible individual in group :

where  is the susceptibility to transmission, i.e., the probability of transmission given contact with an infectious individual;  is the number of daily contacts that an individual in group  has with individuals in group ;  is the probability that an individual in group  is infectious; and 1- is the probability that an infected, vaccinated individual is infectious (i.e., the probability that a vaccinated individual transmits the virus or the relative infectiousness of vaccinated individuals). If , the vaccine is perfectly effective at blocking transmission from a vaccinated, infectious individual to a susceptible individual. If , the vaccine does not directly interfere with transmission dynamics.
If the vaccine is not 100% effective at preventing infection, vaccinated individuals can be infected and experience the health consequences of COVID-19. The disease dynamics for susceptible individuals who are vaccinated are given by

The force of infection for a vaccinated individual is given by

where  is the effectiveness of the vaccine at preventing infection with SARS-CoV-2. If , the vaccine is 100% effective. If , a proportion of vaccinated individuals become infected. They are also infectious if .
The dynamics for exposed individuals are given by

where  is the rate at which exposed individuals transition to the infectious state. If the vaccine is not 100% effective at preventing infection and the vaccinated individual becomes infected, the dynamics for exposed individuals are given by

After exposure, the individual becomes infectious. The dynamics for infectious individuals are given by

and if the infectious individual has been vaccinated,

where  is the rate at which infected individuals recover or die. The proportion of individuals who die is given by

where  representing the infection-fatality rate for individuals in group  and  representing the effectiveness of the vaccine at reducing the probability of death. If the vaccine is 100% effective at reducing mortality, vaccinated individuals do not experience any severe consequence from COVID-19. However, they may still be infected if  and may still be infectious if .
We assume that the infection-fatality rate is an increasing function of the population share of active cases in a given period:

where , ,  representing the baseline infection fatality rates,  referring to the sensitivity of the infection-fatality rates to a surge in infections, and  representing how this excess mortality is distributed across age groups, with . In the baseline model, we assumed that .
Calibration of the model
Table 1 summarizes the chosen values for various model parameters, sources supporting these assumptions, and the sensitivity tests that were performed. Table 2 presents the age distribution of age-varying parameters. The pre-COVID-19 age-specific contact matrix used to calibrate the model is divided into 5-year bins. We combined these into 10-year bins, using population-weighted averages and adjusting the resulting values to ensure that the total number of contacts from i to j equals the total number of contacts from j to i: . Because the original matrix does not differentiate individuals aged 80+ from those aged 75–79, we assumed that contact rates were uniform for everyone aged 70+ (where the contact rate of  with individuals in group  is equal to ) and computed the corresponding number of contacts accounting for size differences between the 70–79 and 80+ age groups.
We assumed that during the immunization campaign all individuals except for essential workers reduce their social interactions by 20%, based on conservative projections of reduced social distancing patterns in the United States [1]. As a result, the number of daily contacts between essential workers is unchanged, the number of daily contacts between essential workers and nonessential workers is reduced by 20%, and the number of daily contacts between two nonessential workers is reduced by .
We assumed that the susceptibility to infection  is age-dependent. We obtained age-specific relative susceptibility values from the literature and scaled them by a factor  to obtain the  of interest (i.e., ). We employed the next-generation matrix method to compute the  associated with the assumed contact matrix, relative susceptibility values, and duration of the infectious period, and then solved for the scale factor .
When the first vaccine doses are administered, 15% of the population has already been infected, and the number of active infections corresponds to 1% of the population. We divided the active infections and acquired-immunity shares among the age groups based on their attack rates, such that more infections occur among the young and essential workers than among the elderly.













Table S1. Model parameters
	Parameter
	Meaning
	Baseline value
	Reference
	Sensitivity analysis

	
	Mean duration from exposure to infection
	3 days
	[2]
	

	
	Mean infectious period
	5 days
	[2]
	

	
	Infection fatality rate
	Age stratified, increasing with age (see Table 2)
	[3]
	



	
	Sensitivity of infection fatality rate to number of active cases
	0
	By assumption
	0.5

	
	Proportion of deaths caused by surge in cases occurring to members of group 
	
	By assumption
	




	
	Susceptibility to infection
	Age stratified, increasing with age (see Table 2)
	Relative susceptibility values from [4], scaled to obtain the  of interest
	Uniform relative susceptibility to infection across all age groups at 0.8

	
	Number of group persons contacted daily by a member of group
	Age stratified
	[5] for pre-COVID-19 contacts, scaled such that all individuals who are not essential workers reduce their social interactions by 20%
	All individuals who are not essential workers reduce their social interactions by 0% or 40%

	
	Basic reproduction number

	1.8
	By assumption based on R0 without intervention in the range of 2.0-3.0 [6]
	1.3, 2

	
	Number of people in group 
	Age stratified (see Table 2)
	[7] for the size of age groups
[8] for the percentage of essential workers by age group
	

	
	Effectiveness of the vaccine at preventing infections
	50%,70%,90%, age constant
	By assumption based on review of clinical trial results [9-11]
	Effectiveness diminishes by 5 percentage points for every 10 years among those aged 50 and older

	
	Effectiveness of the vaccine at preventing transmission
	[0%,90%], age constant
	By assumption
	

	
	Effectiveness of the vaccine at preventing death
	50%,70%,90%, age constant
	By assumption, conservatively, based on review of clinical trial results [9]
	

	
	Number of active cases when the administration of the vaccine begins
	1% of the population
	By assumption based on IHME projections of daily infections for December [2]
	or  is 0.5% of the population

	
	Number of susceptible people when the administration of the vaccine begins
	85% of the population
	By assumption based on non-systematic review of epidemiological estimates
	, or   is 70% or 95% of the population


	
	Number of individuals vaccinated daily
	1% of the population
	By optimistc assumption 
	0.5% of the population







Table S2. Age-specific demographic and epidemiological data
	Age group
	Population share
	Infection-fatality rate (%)
	Relative susceptibility to infection
	Remaining life expectancy

	0–9
	0.1212
	0.00161
	0.4
	74.1

	10–19
	0.1275
	0.00695
	0.38
	64.2

	20–29
	0.1375
	0.0309
	0.79
	54.5

	30–39
	0.1346
	0.0844
	0.86
	45.3

	40–49
	0.1228
	0.161
	0.8
	36

	50–59
	0.129
	0.595
	0.82
	27.2

	60–69
	0.1158
	1.93
	0.88
	19.4

	70–79
	0.0721
	4.28
	0.74
	12.4

	80+
	0.0394
	7.8
	0.74
	5.7


The total US population was set at , and the population per age group was equal to . The remaining life expectancy at different ages was computed using the 2017 US Life Table (https://www.cdc.gov/nchs/products/life_tables.htm).


















S2. Analysis of quality-adjusted years of life lost
To determine the quality-adjusted life expectancy of individuals who die of COVID-19, we use the 2017 U.S. Life Table (https://www.cdc.gov/nchs/products/life_tables.htm) and the quality-of-life scores for the United States. The quality-of-life scores are approximated from Figure 3, Chapter 4, in Claxton et al. [12]. 

Table S3
Quality-adjusted life expectancies at different ages.
	Age group
	Population share
	Quality of life score
	Remaining life expectancy
	Remaining quality-adjusted life expectancy

	0–9
	0.1212
	0.95
	74.1
	63.3

	10–19
	0.1275
	0.95
	64.2
	53.9

	20–29
	0.1375
	0.9
	54.5
	44.9

	30–39
	0.1346
	0.9
	45.3
	36.6

	40–49
	0.1228
	0.9
	36
	28.1

	50–59
	0.129
	0.8
	27.2
	20.5

	60–69
	0.1158
	0.8
	19.4
	14.1

	70–79
	0.0721
	0.7
	12.4
	8.7

	80+
	0.0394
	0.7
	5.7
	4
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Fig. S1. Number of daily active infections and total deaths if no vaccination is administered with an R0 equal to 1.8 and 1% of the population initially actively infected
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Fig. S2. Impacts of a vaccine that reduces only fatality risk as a function of total vaccine supply, for different degrees of effectiveness.  The y-axes measure the percentage reduction in cases/deaths/years of life lost/quality-adjusted years of life lost compared with a scenario with no vaccine. We consider three levels of vaccine effectiveness: 50%, 70%, and 90%. The x-axis measures the percent of the population that will eventually be vaccinated.
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Fig. S3. Impacts of a vaccine that reduces infection risk as a function of total vaccine supply, for different degrees of effectiveness. The y-axes measure the percentage reduction in cases/deaths/years of life lost/quality-adjusted years of life lost compared with a scenario with no vaccine. We consider three levels of vaccine effectiveness: 50%, 70%, and 90%. The x-axis measures the percent of the population that will eventually be vaccinated.
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Fig. S4. Impacts of a vaccine that reduces both the infection fatality risk and the risk of transmission at the same rate as a function of total vaccine supply, for different degrees of effectiveness. The y-axes measure the percentage reduction in cases/deaths/years of life lost/quality-adjusted years of life lost compared with a scenario with no vaccine. We consider three levels of vaccine effectiveness: 50%, 70%, and 90%. The x-axis measures the percent of the population that will eventually be vaccinated.
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Fig. S5. Sensitivity analyses: proportional reduction in deaths for a vaccine 90% effective at reducing the risk of infection under alternative scenarios. Uniform susceptibility rate across age groups: the relative susceptibility rate is 0.8 for all age groups. Excess mortality due to surge of infection: the infection fatality rate is an increasing function of the number of total active cases, with  and excess mortality distributed among socio-demographic groups proportionally to baseline infection fatality rates (this scenario results in 9.5% increase in deaths compared to the case  without any vaccination). Low number of initial infections: when the first doses are administered, the number of positive infections corresponds to 0.5% of the population. Low infection-acquired immunity: only 5% of the population has infection-acquired immunity. High infection-acquired immunity: 30% of the population has infection-acquired immunity. Weaker NPIs: the reproductive number is equal to 2. No change in social interactions: individuals do not reduce their contacts. Larger reduction in social interactions: individuals who are not essential workers reduce their social interactions by 40% instead of 20%. The y-axes measure the percentage reduction in deaths compared with a scenario with no vaccine. The x-axis measures the percent of the population that will eventually be vaccinated.





Table S4
[bookmark: _GoBack]Maximum effectiveness of the vaccine at preventing transmission such that the “elderly/essential” strategy is better than the “essential/elderly” one for any vaccine supply, for different goals and various levels of effectiveness at reducing fatality risk.

	Effectiveness at reducing fatality risk
	Minimize number of deaths
	Minimize number of years of life lost

	50%
	40%
	20%

	70%
	60%
	30%

	90%
	80%
	50%



For a vaccine that is 50% effective at reducing the fatality risk, prioritizing the elderly over essential workers for any vaccine supply yields the largest number of averted deaths (years of life lost) as long as the vaccine is less than 40% (20%) effective at reducing transmission. Similar interpretations hold for the other levels of effectiveness at reducing fatality risk. 
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