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[bookmark: _Toc184289779]Supplementary methods
[bookmark: _Toc184289780][bookmark: study-framework]Study framework
This section provides detailed information on methods used to generate estimated hospitalization counts under the causal inference framework that assumes no 2023-2024 COVID-19 vaccinations were available. We referred to the presence of of 2023-2024 COVID-19 vaccinations as the factual scenario, i.e., what happened in reality, and the absence of 2023-2024 COVID-19 vaccinations as the counterfactual scenario.
[bookmark: _Toc184289781][bookmark: Xbb9b70704537756bf033e4b9d8bc279cd8a37d7]Estimates unadjusted for people with immunocompromising conditions
The U.S. adult population can be categorized into four groups:
· people without a 2023-2024 COVID-19 vaccination who did not have a COVID-19-associated hospitalization;
· people with a 2023-2024 COVID-19 vaccination who did not have a COVID-19-associated hospitalization;
· people without a 2023-2024 COVID-19 vaccination who had a COVID-19-associated hospitalization; and
· people with a 2023-2024 COVID-19 vaccination who had a COVID-19-associated hospitalization.
Formalizing these numbers, the function  denotes the count of the population with characteristic . Extending that to two characteristics,  denotes the count of the population with characteristics  and . (For simplicity, we ignore the time component, but this will be introduced in sections below.)
Thus,
·  is the number of people without a 2023-2024 COVID-19 vaccination who did not have a COVID-19-associated hospitalization;
·  is the number of people with a 2023-2024 COVID-19 vaccination who did not have a COVID-19-associated hospitalization;
·  is the number of people without a 2023-2024 COVID-19 vaccination who had a COVID-19-associated hospitalization; and
·  is the number of people with a 2023-2024 COVID-19 vaccination who had a COVID-19-associated hospitalization.
Figure S1 depicts these four groups (not drawn to scale).

[image: burden_averted_supplement_2024-10-30_files/figure-docx/basic.diagram-1.png]
Figure S1: Categories of the U.S. population by 2023-2024 COVID-19 vaccination status (=obtained a 2023-2024 COVID-19 vaccination; =did not obtain a 2023-2024 COVID-19 vaccination) and had a COVID-19-associated hospitalization outcome (=had a COVID-19-associated hospitalization; =no COVID-19-associated hospitalization) plotted by frequency denoted by .

 is the total number of people with a COVID-19-associated hospitalization, and .
To estimate the burden averted by 2023-2024 COVID-19 vaccinations, we wanted to compare the total number of people hospitalized in the presence of 2023-2024 COVID-19 vaccinations, the “factual” scenario, to the hypothetical total number of people with a COVID-19-associated hospitalization without the presence of 2023-2024 COVID-19 vaccinations, the “counterfactual” scenario.
To do this, we made the following assumptions about each of these four groups:
· people without a 2023-2024 COVID-19 vaccination and no COVID-19-associated hospitalization would not have a COVID-19-associated hospitalization in the counterfactual because they experience no change in their protection levels;
· people with a 2023-2024 COVID-19 vaccination and no COVID-19-associated hospitalization would have a change in protection level and may have a COVID-19-associated hospitalization in the counterfactual scenario;
· people without a 2023-2024 COVID-19 vaccination and a COVID-19-associated hospitalization would have a COVID-19-associated hospitalization in the counterfactual since they experience no change in protection level; and
· people with a 2023-2024 COVID-19 vaccination and a COVID-19-associated hospitalization would also have a COVID-19-associated hospitalization in the counterfactual since their protection level will be the same or decrease without 2023-2024 COVID-19 vaccination.
This is shown in the manuscript as Figure 1.
Based on these assumptions, the subset of the population that could experience a change in the counterfactual scenario are people with a 2023-2024 COVID-19 vaccination and no COVID-19-associated hospitalization, . Therefore, we assumed that a subset of  would have a COVID-19-associated hospitalization in the counterfactual and comprise the number of COVID-19-associated hospitalization averted by COVID-19 vaccination. This is represented in Figure S2.
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Figure S2: Categories of the U.S. population by 2023-2024 COVID-19 vaccination status in the factual scenario and assumptions made in the counterfactual scenario (=obtained a 2023-2024 COVID-19 vaccination; =did not obtain a 2023-2024 COVID-19 vaccination.

Therefore, our goal was to determine the appropriate estimated probability to include in a product with  to determine , i.e.,

where  is a probability denoting the likelihood of a person with a 2023-2024 COVID-19 vaccination and no COVID-19-associated hospitalization in reality experiencing a COVID-19-associated hospitalization without the presence of 2023-2024 COVID-19 vaccination in the counterfactual scenario.
We considered several possible estimators for , including
· ;
· ;
· ; and
· .
Differences in the averted burden estimates derived using these candidate estimators  are presented in the results section of the main manuscript. Comparison of these results indicated that  yielded the most logical results leading to estimation of  as

Our initial hope was that the assumption would provide a conservative estimate of  since our thinking was that the probability of COVID-19-associated hospitalization for  would be higher than  in the counterfactual condition. Though, our comparison function suggested  is too high and  may not provide a conservative estimate. Our rationale is that people in  likely engage in other risk-reducing behaviors, and people in  are likely to have received prior vaccinations thus potentially reducing their risk of severe COVID-19-associated outcomes.

[bookmark: _Toc184289782][bookmark: Xe4222993d45165ffc888336eee8be70a4e74955]Estimate adjusted for people with immunocompromising conditions
Our approach for accounting for people with immunocompromising conditions is to split  into four groups as depicted in Figures 1 and S1 where

is modified to become

where  stands for immunocompromised and  indicates not immunocompromised. We can expand this formula to

which breaks  into two groups based on immunocompromised status and then utilizes a different probability of COVID-19-associated hospitalization for each. This can be visualized in Figure S3.
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Figure S3: Illustration that the quantity of interest, the number of COVID-19-associated hospitalizations averted by 2023-2024 COVID-19 vaccination or , is a subset of .

We were unable to find national estimates of  and . Therefore, we further modified the formula to incorporate ratios of  and  to  from different populations or subsets of the U.S. population in order to take into account differences in  between data sources. Thus, our formula for  became

where  indicates the data came from an alternative or external source.
For instance, using Evans et al. [1] the ratio for IC is

and the ratio for NIC is

Smits et al. [2] and Suleyman et al. [3] also appear to have sufficient information to estimate , , and . Probabilties and ratios from each source are included in Table S1.

Table S1. Estimated ratios from alternative sources.
	Lead Author
	Pr(H | IC,V)
	Pr(H | NIC,V)
	Pr(H | V)
	Pr(H | IC,V) / Pr(H | V)
	Pr(H | NIC,V) / Pr(H | V)

	Evans
	0.008860457
	0.001914247
	0.002370214
	3.738253
	0.8076265

	Smits
	0.008062475
	0.001180516
	0.002750630
	2.931138
	0.4291801

	Suleyman
	0.320000000
	0.108322325
	0.156822811
	2.040519
	0.6907307


[bookmark: Xd4742722347907424ce582c51419c862b9fabc1]
[bookmark: _Toc184289783]Method evaluation (one-way sensitivity analysis)
We performed a brief evaluation of the conditional probability method by changing parameters and recording the resulting COVID-19-associated hospitalizations averted. First, we evaluated the sensitivity of parameters when immunocompromising conditions are not considered. Our baseline assumptions for parameters were the following:
· 
· 
· 
· 
· 
· 
· 
· 
· 
· 
Since we assume the parameters depend on each other, we assumed changes in one parameter would always result in changes in the other parameter(s) with the direction aligning with the assumed correlations in our Monte Carlo simulations (Table S2). In evaluating each parameter, we created three curves:
· multiplicative changes to the parameter of interest were the same in the other parameters (e.g., a 10% change in the parameter of interest and a 10% change in other parameters);
· multiplicative changes to the parameter of interest were less than the other parameters by one-half (e.g., a 5% change in the parameter of interest and a 10% change in other parameters); and
· multiplicative changes to the parameter of interest were greater than the other parameters by double (e.g., a 20% change in the parameter of interest and a 10% change in other parameters).
Figure S4 plots the COVID-19-associated hospitalizations averted when changing the parameters.
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Figure S4: Evaluation of changes to parameters when not accounting for immunocompromising conditions.

Testing parameters associated with immunocompromising conditions, we followed the same format as in Figure S4 by making multiplicative changes to parameters. In Figure S5, we varied , , , and .
[image: burden_averted_supplement_2024-10-30_files/figure-docx/unnamed-chunk-2-1.png]
Figure S5: Evaluation of changes to immunocompromise parameters when accounting for immunocompromising conditions.



[bookmark: _Toc184289784][bookmark: estimation-of-hospitalizations-averted]Estimation of hospitalizations averted
For each age group (), week (), and simulation (), we calculated the probability of COVID-19-associated hospitalization in the U.S. population, , as

where  is the number of COVID-19-associated hospitalization in age group , week , and simulation  and  is the U.S. population in age group . The probability of 2023-2024 COVID-19 vaccination in age group , week , and simulation , , was generated from Monte Carlo simulations based on NIS data.
Using  and , the probability of 2023-2024 COVID-19 vaccination in COVID-19-associated hospitalized people, we calculated the probability of COVID-19-associated hospitalization in people without a 2023-2024 COVID-19 vaccination via Bayes Theorem as

and the probability of COVID-19-associated hospitalization in 2023-2024 COVID-19 vaccinated people as

It followed that the number of 2023-2024 COVID-19 vaccinated and non-COVID-19-associated hospitalized people in age group  in week  was

The overall sum for simulation  was

Sensitivity analyses inserted other values for  in the previous formula. One value we wanted to try was a value of  between  and . For this, we used a second simulation to devise an estimate, , to allow for a distribution of  and uncertainty about the estimate of . Details on the construction of  are included in the next subsection.

Estimates by age group were created by summing over a fixed value of . For instance, if we wanted to estimate the COVID-19-associated hospitalizations averted for the age group , we could modify the equation using  to

The same follows for all other age groups.
COVID-19-associated hospitalization averted were summarized by the median, 2.5th quantile, and 97.5th quantile of all Monte Carlo simulations.

[bookmark: _Toc184289785][bookmark: measuring-uncertainty]Measuring uncertainty
Estimated national hospitalization counts were produced using Bayesian modeling of temporal trends in age group-specific COVID-19-associated hospitalizations reported in the COVID-NET sentinel surveillance system.[4] The modeling used to estimate national hospitalization counts incorporated estimation of temporal dependence among weekly reported counts, random COVID-NET site-level effects, variability in testing practices, among hospital inpatients, and the estimated uncertainty due to extrapolation from the COVID-NET catchment to national populations. The resulting uncertainty in the estimated national hospitalization counts was treated as a starting point for estimation of uncertainty in the averted burden due to vaccination.
A Monte Carlo simulation approach was used to estimate the additional uncertainty in the averted burden estimates reflecting both uncertainty in the estimated national hospitalization counts and that associated with the multiples used to derived averted burden based on those counts. This Monte Carlo simulation process was performed in two steps. The first step focused on sampling uncertain values for 2023-2024 COVID-19 vaccination coverage, and monthly realizations for . Multivariate standard Gaussian distributions were used to generate the possible values for these parameters. Standard Gaussian distributions had a mean of zero and variance of 1, meaning the vector of means was all zeros and the covariance matrix was a correlation matrix had 1’s along the diagonal and correlations in all other elements. The correlation matrix used possessed sub matrices that defined the correlations within a data element (between age groups and between months) and between data elements.
For 2023-2024 COVID-19 vaccination coverage and , correlations of  and two correlation structures (autoregressive order 1 and compound symmetry) for nonzero values of  were used. Correlations between data elements were nonzero only for the same month and age group. The same value of  was used for cells of the same month and age group between different elements, though the sign (positive, negative, or zero implying no correlation) was based on the assumed relationships listed in Table 2.


Table S2. Direction of correlations between data sources
	Data.Source..1
	Data.Source..2
	Correlation

	Hospitalizations
	Coverage
	Negative

	Hospitalizations
	Pr(V | H)
	Positive

	Hospitalizations
	VE
	Negative

	Hospitalizations
	Pr(ICU | H)
	Zero

	Hospitalizations
	Pr(IHD | H)
	Zero

	Coverage
	Pr(V | H)
	Negative

	Coverage
	VE
	Zero

	Coverage
	Pr(ICU | H)
	Zero

	Coverage
	Pr(IHD | H)
	Zero

	Pr(V | H)
	VE
	Negative

	Pr(V | H)
	Pr(ICU | H)
	Zero

	Pr(V | H)
	Pr(IHD | H)
	Zero

	VE
	Pr(ICU | H)
	Zero

	VE
	Pr(IHD | H)
	Zero

	Pr(ICU | H)
	Pr(IHD | H)
	Zero



In the event that the correlation matrix was not positive definite, the nearest symmetric, positive semidefinite matrix was utilized.[5]
Simulated, standard normal data were transformed back to original scales by multiplying by the standard deviation and adding the mean. Simulated values that were outside of range or undefined were truncated or assigned logical values, specifically:
·  were recoded to ;
·  were recoded to ;
·  were recoded to ;
·  were recoded to ;
· if , then  was undefined and recoded to ;
· if , that means  which is illogical and  was recoded to ;
·  was recoded to ;
·  was recoded to ; and
·  was recoded to .
After computing , , and , the second Monte Carlo step was performed to estimate . We generated  from a  distribution, and then computed  as

A  distribution was used to allow for a diffuse distribution between  and  that was more heavily weighted towards  since we felt  is more likely than  since 2023-2024 COVID-19 vaccinated and non-COVID-19-associated hospitalization people probably had lower risk than the overall population since 2023-2024 COVID-19 vaccinated people made up a small percentage of the population.


[bookmark: _Toc184289786][bookmark: supplemental-tables]Supplemental Tables
Table S3. Seasonal estimates of COVID-19-associated hospitalizations averted by 2023-2024 COVID-19 vaccination, the week of October 1, 2023, to the week of April 21, 2024.
	Age Group
	Population
(%)
	COVID-19
vaccination
coverage
% (95% CI)
	COVID-19-associated
hospitalizations
Median (95% UI)
	COVID-19-associated
hospitalizations
per 100,000 people
Median (95% UI)
	COVID-19-associated
hospitalizations averted
Median (95% UI)
	COVID-19-associated
hospitalizations averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
hospitalizations averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	8,325 (6,747 - 11,168)
	450 (364 - 603)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	11,849 (9,668 - 15,684)
	71 (58 - 94)
	724 (177 - 1,527)
	4 (1 - 9)
	71 (17 - 156)

	5-17 years
	16
	17 (16 - 17)
	8,596 (6,853 - 12,111)
	16 (13 - 22)
	453 (44 - 1,917)
	1 (0 - 4)
	5 (0 - 21)

	18-49 years
	42
	14 (14 - 15)
	74,211 (62,607 - 90,369)
	53 (45 - 64)
	2,467 (992 - 4,197)
	2 (1 - 3)
	12 (5 - 21)

	50-64 years
	19
	25 (24 - 26)
	95,276 (80,352 - 115,940)
	152 (128 - 185)
	6,770 (2,564 - 11,761)
	11 (4 - 19)
	43 (16 - 75)

	65+ years
	18
	40 (39 - 41)
	412,068 (348,946 - 499,169)
	695 (589 - 843)
	57,665 (35,442 - 84,006)
	97 (60 - 142)
	240 (147 - 351)

	Overall
	100
	22 (22 - 23)
	610,988 (520,465 - 737,556)
	182 (155 - 220)
	68,315 (42,831 - 97,984)
	20 (13 - 29)
	98 (61 - 141)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S4. Annual estimates of COVID-19-associated hospitalizations averted by 2023-2024 COVID-19 vaccination, the week of September 24, 2023, to the week of August 11, 2024.
	Age Group
	Population
(%)
	COVID-19
vaccination
coverage
% (95% CI)
	COVID-19-associated
hospitalizations
Median (95% UI)
	COVID-19-associated
hospitalizations
per 100,000 people
Median (95% UI)
	COVID-19-associated
hospitalizations averted
Median (95% UI)
	COVID-19-associated
hospitalizations averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
hospitalizations averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	11,109 (9,123 - 14,466)
	600 (493 - 781)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	15,819 (13,040 - 20,467)
	95 (78 - 123)
	985 (470 - 1,696)
	6 (3 - 10)
	84 (40 - 147)

	5-17 years
	16
	17 (16 - 17)
	11,378 (9,194 - 15,498)
	21 (17 - 29)
	676 (268 - 1,796)
	1 (0 - 3)
	7 (3 - 19)

	18-49 years
	42
	14 (14 - 15)
	102,013 (86,193 - 124,127)
	73 (61 - 88)
	4,035 (2,519 - 5,842)
	3 (2 - 4)
	20 (12 - 28)

	50-64 years
	19
	25 (24 - 26)
	126,882 (107,351 - 154,047)
	203 (172 - 246)
	10,909 (7,055 - 15,411)
	17 (11 - 25)
	67 (44 - 95)

	65+ years
	18
	41 (40 - 42)
	559,712 (475,763 - 676,931)
	945 (803 - 1,143)
	90,512 (68,520 - 115,758)
	153 (116 - 195)
	369 (279 - 471)

	Overall
	100
	22 (22 - 23)
	827,572 (705,849 - 998,623)
	124 (105 - 149)
	107,197 (80,692 - 137,643)
	32 (24 - 41)
	149 (112 - 192)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S5. Seasonal estimates of COVID-19-associated hospitalizations averted by 2023-2024 COVID-19 vaccination accounting for people with immunocompromising conditions, the week of October 1, 2023, to the week of April 21, 2024.
	Age Group
	Population (%)
	COVID-19
vaccination
coverage
% (95% CI)
	COVID-19-associated
hospitalizations
Median (95% UI)
	COVID-19-associated
hospitalizations
per 100,000 people
Median (95% UI)
	COVID-19-associated
hospitalizations averted
Median (95% UI)
	COVID-19-associated
hospitalizations averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
hospitalizations averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	8,325 (6,747 - 11,168)
	450 (364 - 603)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	11,849 (9,668 - 15,684)
	71 (58 - 94)
	629 (154 - 1,335)
	4 (1 - 8)
	61 (15 - 136)

	5-17 years
	16
	17 (16 - 17)
	8,596 (6,853 - 12,111)
	16 (13 - 22)
	379 (36 - 1,608)
	1 (0 - 3)
	4 (0 - 18)

	18-49 years
	42
	14 (14 - 15)
	74,211 (62,607 - 90,369)
	53 (45 - 64)
	2,178 (875 - 3,714)
	2 (1 - 3)
	11 (4 - 19)

	50-64 years
	19
	25 (24 - 26)
	95,276 (80,352 - 115,940)
	152 (128 - 185)
	6,020 (2,276 - 10,454)
	10 (4 - 17)
	38 (14 - 67)

	65+ years
	18
	40 (39 - 41)
	412,068 (348,946 - 499,169)
	695 (589 - 843)
	49,130 (30,230 - 71,690)
	83 (51 - 121)
	205 (126 - 299)

	Overall
	100
	22 (22 - 23)
	610,988 (520,465 - 737,556)
	182 (155 - 220)
	58,540 (36,699 - 83,987)
	17 (11 - 25)
	84 (52 - 121)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S6. Annual estimates of COVID-19-associated hospitalizations averted by 2023-2024 COVID-19 vaccination accounting for people with immunocompromising conditions, the week of September 24, 2023, to the week of August 11, 2024.
	Age Group
	Population (%)
	COVID-19
vaccination
coverage
% (95% CI)
	COVID-19-associated
hospitalizations
Median (95% UI)
	COVID-19-associated
hospitalizations
per 100,000 people
Median (95% UI)
	COVID-19-associated
hospitalizations averted
Median (95% UI)
	COVID-19-associated
hospitalizations averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
hospitalizations averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	11,109 (9,123 - 14,466)
	600 (493 - 781)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	15,819 (13,040 - 20,467)
	95 (78 - 123)
	847 (403 - 1,462)
	5 (2 - 9)
	73 (34 - 127)

	5-17 years
	16
	17 (16 - 17)
	11,378 (9,194 - 15,498)
	21 (17 - 29)
	564 (224 - 1,503)
	1 (0 - 3)
	6 (2 - 16)

	18-49 years
	42
	14 (14 - 15)
	102,013 (86,193 - 124,127)
	73 (61 - 88)
	3,547 (2,214 - 5,134)
	3 (2 - 4)
	17 (11 - 25)

	50-64 years
	19
	25 (24 - 26)
	126,882 (107,351 - 154,047)
	203 (172 - 246)
	9,668 (6,252 - 13,662)
	15 (10 - 22)
	60 (39 - 85)

	65+ years
	18
	41 (40 - 42)
	559,712 (475,763 - 676,931)
	945 (803 - 1,143)
	76,998 (58,275 - 98,466)
	130 (98 - 166)
	314 (237 - 401)

	Overall
	100
	22 (22 - 23)
	827,572 (705,849 - 998,623)
	124 (105 - 149)
	91,717 (68,971 - 117,801)
	27 (21 - 35)
	128 (96 - 164)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S7. Seasonal estimates of COVID-19-associated ICU admissions averted by 2023-2024 COVID-19 vaccination, the week of October 1, 2023, to the week of April 21, 2024.
	Age Group
	Population (%)
	COVID-19
vaccination
coverage
% (95% CI)
	COVID-19-associated
ICU admissions
Median (95% UI)
	COVID-19-associated
ICU admissions
per 100,000 people
Median (95% UI)
	COVID-19-associated
ICU admissions averted
Median (95% UI)
	COVID-19-associated
ICU admissions averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
ICU admissions averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	2,044 (1,657 - 2,752)
	110 (90 - 149)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	2,985 (2,429 - 3,968)
	18 (15 - 24)
	175 (38 - 418)
	1 (0 - 3)
	17 (4 - 42)

	5-17 years
	16
	17 (16 - 17)
	1,747 (1,389 - 2,464)
	3 (3 - 5)
	93 (9 - 392)
	0 (0 - 1)
	1 (0 - 4)

	18-49 years
	42
	14 (14 - 15)
	10,478 (8,812 - 12,781)
	7 (6 - 9)
	307 (39 - 776)
	0 (0 - 1)
	2 (0 - 4)

	50-64 years
	19
	25 (24 - 26)
	22,544 (18,960 - 27,506)
	36 (30 - 44)
	1,499 (321 - 3,503)
	2 (1 - 6)
	9 (2 - 22)

	65+ years
	18
	40 (39 - 41)
	75,918 (64,288 - 91,978)
	128 (109 - 155)
	10,878 (3,104 - 21,591)
	18 (5 - 36)
	45 (13 - 90)

	Overall
	100
	22 (22 - 23)
	115,875 (98,670 - 139,889)
	35 (29 - 42)
	13,108 (4,459 - 25,042)
	4 (1 - 7)
	19 (6 - 36)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S8. Annual estimates of COVID-19-associated ICU admissions averted by 2023-2024 COVID-19 vaccination, the week of September 24, 2023, to the week of August 11, 2024.
	Age Group
	Population (%)
	COVID-19
vaccination
coverage
% (95% CI)
	COVID-19-associated
ICU admissions
Median (95% UI)
	COVID-19-associated
ICU admissions
per 100,000 people
Median (95% UI)
	COVID-19-associated
ICU admissions averted
Median (95% UI)
	COVID-19-associated
ICU admissions averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
ICU admissions averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	2,645 (2,170 - 3,460)
	143 (117 - 187)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	3,994 (3,286 - 5,185)
	24 (20 - 31)
	238 (109 - 443)
	1 (1 - 3)
	20 (9 - 39)

	5-17 years
	16
	17 (16 - 17)
	2,190 (1,766 - 2,988)
	4 (3 - 6)
	133 (49 - 353)
	0 (0 - 1)
	1 (1 - 4)

	18-49 years
	42
	14 (14 - 15)
	16,816 (14,178 - 20,481)
	12 (10 - 15)
	649 (299 - 1,134)
	0 (0 - 1)
	3 (1 - 5)

	50-64 years
	19
	25 (24 - 26)
	26,096 (21,950 - 31,835)
	42 (35 - 51)
	2,207 (1,093 - 3,803)
	4 (2 - 6)
	14 (7 - 24)

	65+ years
	18
	41 (40 - 42)
	90,917 (77,143 - 110,089)
	153 (130 - 186)
	14,960 (8,019 - 23,559)
	25 (14 - 40)
	61 (33 - 96)

	Overall
	100
	22 (22 - 23)
	142,769 (121,761 - 172,376)
	21 (18 - 26)
	18,292 (10,062 - 28,436)
	5 (3 - 8)
	25 (14 - 40)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S9. Seasonal estimates of COVID-19-associated ICU admissions averted by 2023-2024 COVID-19 vaccination accounting for people with immunocompromising conditions, the week of October 1, 2023, to the week of April 21, 2024.
	Age Group
	Population (%)
	COVID-19
vaccination
coverage
% (95% CI)
	COVID-19-associated
ICU admissions
Median (95% UI)
	COVID-19-associated
ICU admissions
per 100,000 people
Median (95% UI)
	COVID-19-associated
ICU admissions averted
Median (95% UI)
	COVID-19-associated
ICU admissions averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
ICU admissions averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	2,044 (1,657 - 2,752)
	110 (90 - 149)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	2,985 (2,429 - 3,968)
	18 (15 - 24)
	152 (33 - 366)
	1 (0 - 2)
	15 (3 - 37)

	5-17 years
	16
	17 (16 - 17)
	1,747 (1,389 - 2,464)
	3 (3 - 5)
	78 (8 - 328)
	0 (0 - 1)
	1 (0 - 4)

	18-49 years
	42
	14 (14 - 15)
	10,478 (8,812 - 12,781)
	7 (6 - 9)
	272 (35 - 687)
	0 (0 - 0)
	1 (0 - 3)

	50-64 years
	19
	25 (24 - 26)
	22,544 (18,960 - 27,506)
	36 (30 - 44)
	1,329 (284 - 3,109)
	2 (0 - 5)
	8 (2 - 20)

	65+ years
	18
	40 (39 - 41)
	75,918 (64,288 - 91,978)
	128 (109 - 155)
	9,266 (2,645 - 18,396)
	16 (4 - 31)
	39 (11 - 77)

	Overall
	100
	22 (22 - 23)
	115,875 (98,670 - 139,889)
	35 (29 - 42)
	11,237 (3,815 - 21,461)
	3 (1 - 6)
	16 (6 - 31)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S10. Annual estimates of COVID-19-associated ICU admissions averted by 2023-2024 COVID-19 vaccination accounting for people with immunocompromising conditions, the week of September 24, 2023, to the week of August 11, 2024.
	Age Group
	Population (%)
	COVID-19
vaccination
coverage
% (95% CI)
	COVID-19-associated
ICU admissions
Median (95% UI)
	COVID-19-associated
ICU admissions
per 100,000 people
Median (95% UI)
	COVID-19-associated
ICU admissions averted
Median (95% UI)
	COVID-19-associated
ICU admissions averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
ICU admissions averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	2,645 (2,170 - 3,460)
	143 (117 - 187)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	3,994 (3,286 - 5,185)
	24 (20 - 31)
	204 (93 - 381)
	1 (1 - 2)
	18 (8 - 33)

	5-17 years
	16
	17 (16 - 17)
	2,190 (1,766 - 2,988)
	4 (3 - 6)
	111 (41 - 295)
	0 (0 - 1)
	1 (0 - 3)

	18-49 years
	42
	14 (14 - 15)
	16,816 (14,178 - 20,481)
	12 (10 - 15)
	570 (263 - 997)
	0 (0 - 1)
	3 (1 - 5)

	50-64 years
	19
	25 (24 - 26)
	26,096 (21,950 - 31,835)
	42 (35 - 51)
	1,953 (966 - 3,370)
	3 (2 - 5)
	12 (6 - 21)

	65+ years
	18
	41 (40 - 42)
	90,917 (77,143 - 110,089)
	153 (130 - 186)
	12,744 (6,836 - 20,057)
	22 (12 - 34)
	52 (28 - 82)

	Overall
	100
	22 (22 - 23)
	142,769 (121,761 - 172,376)
	21 (18 - 26)
	15,673 (8,629 - 24,386)
	5 (3 - 7)
	22 (12 - 34)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S11. Seasonal estimates of COVID-19-associated in-hospital deaths averted by 2023-2024 COVID-19 vaccination, the week of October 1, 2023, to the week of April 21, 2024.
	Age Group
	Population (%)
	COVID-19 vaccination
coverage
% (95% CI)
	COVID-19-associated
in-hospital deaths
Median (95% UI)
	COVID-19-associated
in-hospital deaths
per 100,000 people
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	71 (56 - 99)
	4 (3 - 5)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	35 (29 - 47)
	0 (0 - 0)
	2 (0 - 17)
	0 (0 - 0)
	0 (0 - 2)

	5-17 years
	16
	17 (16 - 17)
	139 (110 - 201)
	0 (0 - 0)
	6 (0 - 59)
	0 (0 - 0)
	0 (0 - 1)

	18-49 years
	42
	14 (14 - 15)
	1,219 (1,026 - 1,486)
	1 (1 - 1)
	36 (0 - 185)
	0 (0 - 0)
	0 (0 - 1)

	50-64 years
	19
	25 (24 - 26)
	6,205 (5,220 - 7,555)
	10 (8 - 12)
	412 (0 - 1,447)
	1 (0 - 2)
	3 (0 - 9)

	65+ years
	18
	40 (39 - 41)
	39,623 (33,495 - 48,096)
	67 (57 - 81)
	4,779 (0 - 13,132)
	8 (0 - 22)
	20 (0 - 55)

	Overall
	100
	22 (22 - 23)
	47,302 (40,136 - 57,202)
	14 (12 - 17)
	5,301 (101 - 14,230)
	2 (0 - 4)
	8 (0 - 20)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S12. Annual estimates of COVID-19-associated in-hospital deaths averted by 2023-2024 COVID-19 vaccination, the week of September 24, 2023, to the week of August 11, 2024.
	Age Group
	Population (%)
	COVID-19 vaccination
coverage
% (95% CI)
	COVID-19-associated
in-hospital deaths
Median (95% UI)
	COVID-19-associated
in-hospital deaths
per 100,000 people
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	117 (94 - 156)
	6 (5 - 8)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	32 (26 - 42)
	0 (0 - 0)
	4 (0 - 15)
	0 (0 - 0)
	0 (0 - 1)

	5-17 years
	16
	17 (16 - 17)
	125 (98 - 179)
	0 (0 - 0)
	8 (1 - 46)
	0 (0 - 0)
	0 (0 - 0)

	18-49 years
	42
	14 (14 - 15)
	1,399 (1,176 - 1,708)
	1 (1 - 1)
	60 (9 - 163)
	0 (0 - 0)
	0 (0 - 1)

	50-64 years
	19
	25 (24 - 26)
	6,827 (5,733 - 8,318)
	11 (9 - 13)
	575 (149 - 1,273)
	1 (0 - 2)
	4 (1 - 8)

	65+ years
	18
	41 (40 - 42)
	42,106 (35,336 - 51,519)
	71 (60 - 87)
	6,080 (1,787 - 12,334)
	10 (3 - 21)
	25 (7 - 50)

	Overall
	100
	22 (22 - 23)
	50,625 (42,698 - 61,624)
	8 (6 - 9)
	6,749 (2,077 - 13,557)
	2 (1 - 4)
	9 (3 - 19)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S13. Seasonal estimates of COVID-19-associated in-hospital deaths averted by 2023-2024 COVID-19 vaccination accounting for people with immunocompromising conditions, the week of October 1, 2023, to the week of April 21, 2024.
	Age Group
	Population (%)
	COVID-19 Vaccination
coverage
% (95% CI)
	COVID-19-associated
in-hospital deaths
Median (95% UI)
	COVID-19-associated
in-hospital deaths
per 100,000 people
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	71 (56 - 99)
	4 (3 - 5)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	35 (29 - 47)
	0 (0 - 0)
	2 (0 - 15)
	0 (0 - 0)
	0 (0 - 1)

	5-17 years
	16
	17 (16 - 17)
	139 (110 - 201)
	0 (0 - 0)
	5 (0 - 50)
	0 (0 - 0)
	0 (0 - 1)

	18-49 years
	42
	14 (14 - 15)
	1,219 (1,026 - 1,486)
	1 (1 - 1)
	32 (0 - 163)
	0 (0 - 0)
	0 (0 - 1)

	50-64 years
	19
	25 (24 - 26)
	6,205 (5,220 - 7,555)
	10 (8 - 12)
	366 (0 - 1,287)
	1 (0 - 2)
	2 (0 - 8)

	65+ years
	18
	40 (39 - 41)
	39,623 (33,495 - 48,096)
	67 (57 - 81)
	4,077 (0 - 11,185)
	7 (0 - 19)
	17 (0 - 47)

	Overall
	100
	22 (22 - 23)
	47,302 (40,136 - 57,202)
	14 (12 - 17)
	4,538 (88 - 12,166)
	1 (0 - 4)
	7 (0 - 17)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


Table S14. Annual estimates of COVID-19-associated in-hospital deaths averted by 2023-2024 COVID-19 vaccination accounting for people with immunocompromising conditions, the week of September 24, 2023, to the week of August 11, 2024.
	Age Group
	Population (%)
	COVID-19 Vaccination
coverage
% (95% CI)
	COVID-19-associated
in-hospital deaths
Median (95% UI)
	COVID-19-associated
in-hospital deaths
per 100,000 people
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
per 100,000 people
Median (95% UI)
	COVID-19-associated
in-hospital deaths averted
per 100,000 vaccinated
Median (95% UI)

	0-5 months
	1
	
	117 (94 - 156)
	6 (5 - 8)
	
	
	

	6 months-4 years
	5
	6 (5 - 7)
	32 (26 - 42)
	0 (0 - 0)
	3 (0 - 13)
	0 (0 - 0)
	0 (0 - 1)

	5-17 years
	16
	17 (16 - 17)
	125 (98 - 179)
	0 (0 - 0)
	6 (0 - 38)
	0 (0 - 0)
	0 (0 - 0)

	18-49 years
	42
	14 (14 - 15)
	1,399 (1,176 - 1,708)
	1 (1 - 1)
	53 (8 - 143)
	0 (0 - 0)
	0 (0 - 1)

	50-64 years
	19
	25 (24 - 26)
	6,827 (5,733 - 8,318)
	11 (9 - 13)
	510 (133 - 1,129)
	1 (0 - 2)
	3 (1 - 7)

	65+ years
	18
	41 (40 - 42)
	42,106 (35,336 - 51,519)
	71 (60 - 87)
	5,185 (1,522 - 10,518)
	9 (3 - 18)
	21 (6 - 43)

	Overall
	100
	22 (22 - 23)
	50,625 (42,698 - 61,624)
	8 (6 - 9)
	5,774 (1,776 - 11,613)
	2 (1 - 3)
	8 (2 - 16)


Notes: 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations.


[bookmark: _Toc184289787]Sensitivity analyses
Table S15. Annual estimates of burden averted by 2023-2024 COVID-19 vaccination by different methods across multiple outcomes, the week of September 24, 2023, to the week of August 11, 2024.
	Outcome
	Method
	Count
	Per 100k people
	Per 100k vaccinated

	Hospitalizations
	Benefit-risk
	116,026 (93,253 - 141,078)
	35 (28 - 42)
	162 (130 - 196)

	Hospitalizations
	Pr(H|V)
	107,197 (80,692 - 137,643)
	32 (24 - 41)
	149 (112 - 192)

	ICU admissions
	Benefit-risk
	19,945 (11,428 - 30,205)
	6 (3 - 9)
	28 (16 - 42)

	ICU admissions
	Pr(H|V)
	18,292 (10,062 - 28,436)
	5 (3 - 8)
	25 (14 - 40)

	In-hospital deaths
	Benefit-risk
	8,059 (2,469 - 15,578)
	2 (1 - 5)
	11 (3 - 22)

	In-hospital deaths
	Pr(H|V)
	6,749 (2,077 - 13,557)
	2 (1 - 4)
	9 (3 - 19)


Notes: The median is used as the point estimate and the 2.5th and 97.5th quantiles are used to summarize the uncertainty from 10,000 Monte Carlo simulations. Rows where the Method column is  are rows with estimates from the multiplier modeling approach incorporating counterfactuals and conditional probabilities that is described in this manuscript.


Table S16. Annual estimates of burden averted by 2023-2024 COVID-19 vaccination from the week of September 24, 2023, to the week of August 11, 2024, using different values of gamma, the probability a person with a 2023-2024 COVID-19 vaccination and no COVID-19-associated hospitalization in reality experienced a COVID-19-associated hospitalization without the presence of 2023-2024 COVID-19 vaccination, and a modified version of a formula from the benefit risk framework ('Benefit-risk').
	Outcome
	Method
	Count
	Per 100k people
	Per 100k vaccinated

	Hospitalizations
	Pr(H|V)
	107,197 (80,692 - 137,643)
	32 (24 - 41)
	149 (112 - 192)

	Hospitalizations
	Benefit-risk
	116,026 (93,253 - 141,078)
	35 (28 - 42)
	162 (130 - 196)

	Hospitalizations
	Between Pr(H|V) and Pr(H|NV)
	190,035 (154,179 - 226,906)
	57 (46 - 68)
	265 (215 - 316)

	Hospitalizations
	Pr(H)
	228,687 (187,960 - 268,275)
	68 (56 - 80)
	319 (262 - 374)

	Hospitalizations
	Pr(H|NV)
	286,530 (235,168 - 337,285)
	86 (70 - 101)
	399 (328 - 470)


Notes: Medians, 2.5th, and 97.5th quantiles are used to summarize the uncertainty from 10,000 Monte Carlo simulations. Rows where the Method column is not Benefit-risk, the value indicate the probability used for  that was used in that row’s estimates. For those,
·  is the probability of COVID-19-associated hospitalization given a 2023-2024 COVID-19 vaccination;
· Between  and  is a randomly determined probability between the probability of COVID-19-associated hospitalization given a 2023-2024 COVID-19 vaccination and the probability of hospitalization given no 2023-2024 COVID-19 vaccination;
·  is the probability of a COVID-19-associated hospitalization; and
·  is the probability of COVID-19-associated hospitalization given no 2023-2024 COVID-19 vaccination.


Table S17. Sensitivity analysis of COVID-19-associated hospitalizations averted by 2023-2024 COVID-19 vaccination from the week of September 24, 2023, to the week of August 11, 2024, that varied the correlation structure, correlation value, and method.
	Correlation
Structure
	Value of
$ho$
	Benefit-risk
	Between Pr(H|V) and Pr(H|NV)
	Pr(H)
	Pr(H|NV)
	Pr(H|V)

	None
	0.00
	116,387 (93,446 - 141,083)
	190,172 (154,942 - 227,513)
	228,746 (188,766 - 268,674)
	286,667 (235,377 - 337,720)
	107,205 (80,666 - 138,005)

	AR(1)
	0.25
	116,203 (92,775 - 141,468)
	189,889 (153,584 - 228,066)
	228,760 (187,508 - 269,747)
	286,208 (234,319 - 338,539)
	107,134 (79,867 - 138,420)

	AR(1)
	0.50
	116,026 (93,253 - 141,078)
	190,035 (154,179 - 226,906)
	228,687 (187,960 - 268,275)
	286,530 (235,168 - 337,285)
	107,197 (80,692 - 137,643)

	AR(1)
	0.75
	116,264 (92,822 - 141,198)
	190,130 (154,501 - 226,609)
	228,970 (189,085 - 268,349)
	286,555 (235,411 - 338,411)
	107,252 (80,620 - 138,293)

	CS
	0.25
	116,162 (93,076 - 140,556)
	190,004 (154,293 - 226,137)
	228,394 (188,451 - 268,175)
	285,820 (235,281 - 336,517)
	107,510 (80,806 - 137,385)

	CS
	0.50
	116,284 (93,122 - 140,043)
	190,215 (154,007 - 226,678)
	228,843 (188,410 - 268,352)
	286,371 (235,278 - 336,831)
	107,353 (80,900 - 137,660)

	CS
	0.75
	116,202 (92,812 - 141,060)
	190,280 (154,347 - 228,041)
	228,825 (188,866 - 269,335)
	286,327 (235,492 - 338,299)
	107,376 (80,406 - 138,180)


Notes: Medians, 2.5th, and 97.5th quantiles are used to summarize the uncertainty from 10,000 Monte Carlo simulations. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. The column titled Benefit-risk includes simulations where a modified version of a formula from the benefit-risk framework was used. The columns to the right of that one use the multiplier modeling approach incorporating counterfactuals and conditional probabilities that is described in this manuscript with different probabilities of . For those,
· Between  and  is a randomly determined probability between the probability of COVID-19-associated hospitalization given a 2023-2024 COVID-19 vaccination and the probability of hospitalization given no 2023-2024 COVID-19 vaccination;
·  is the probability of a COVID-19-associated hospitalization;
·  is the probability of COVID-19-associated hospitalization given no 2023-2024 COVID-19 vaccination; and
·  is the probability of COVID-19-associated hospitalization given a 2023-2024 COVID-19 vaccination.
Correlation structure abbreviations are AR(1) for an autoregressive structure of order 1 and CS for a compound symmetric or exchangeable structure.  denotes the correlation value used for the  parameter in the autoregressive or compound symmetric correlation structure.


Table S18. Sensitivity analysis of COVID-19-associated hospitalizations averted by 2023-2024 COVID-19 vaccination from the week of September 24, 2023, to the week of August 11, 2024, accounting for immunocompromising conditions varied the correlation structure, correlation value, and the estimates of the likelihood that vaccinated people with immuncompromising conditions and without immuncompromising conditions become hospitalized.
	Correlation
Structure
	Value of
rho
	Evans
	Smits
	Suleyman

	None
	0.00
	91,694 (68,974 - 118,092)
	50,385 (37,886 - 64,916)
	75,733 (56,972 - 97,514)

	AR(1)
	0.25
	91,643 (68,291 - 118,456)
	50,348 (37,513 - 65,095)
	75,683 (56,417 - 97,820)

	AR(1)
	0.50
	91,717 (68,971 - 117,801)
	50,405 (37,874 - 64,744)
	75,724 (56,989 - 97,250)

	AR(1)
	0.75
	91,765 (68,968 - 118,305)
	50,430 (37,881 - 65,007)
	75,775 (56,956 - 97,722)

	CS
	0.25
	91,970 (69,080 - 117,619)
	50,535 (37,949 - 64,594)
	75,960 (57,070 - 97,084)

	CS
	0.50
	91,836 (69,157 - 117,721)
	50,455 (37,991 - 64,680)
	75,843 (57,143 - 97,231)

	CS
	0.75
	91,862 (68,725 - 118,229)
	50,480 (37,750 - 64,985)
	75,861 (56,793 - 97,629)


Notes: Medians, 2.5th, and 97.5th quantiles are used to summarize the uncertainty from 10,000 Monte Carlo simulations. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. The value for  was assumed to be the probability that a vaccinated person was hospitalized. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. Correlation structure abbreviations are AR(1) for an autoregressive structure of order 1 and CS for a compound symmetric or exchangeable structure.  denotes the correlation value used for the  parameter in the autoregressive or compound symmetric correlation structure.


Table S19. Sensitivity analysis of COVID-19-associated ICU admissions averted by 2023-2024 COVID-19 vaccination from the week of September 24, 2023, to the week of August 11, 2024, that varied the correlation structure, correlation value, and the value for gamma, the likelihood that a vaccinated, non-hospitalized person would be hospitalized in the counterfactual condition.
	Correlation
Structure
	Value of
rho
	Benefit-risk
	Pr(H|V)

	None
	0.00
	19,864 (11,306 - 30,504)
	18,111 (10,057 - 28,587)

	AR(1)
	0.25
	19,959 (11,308 - 30,552)
	18,152 (10,258 - 28,463)

	AR(1)
	0.50
	19,945 (11,428 - 30,205)
	18,292 (10,062 - 28,436)

	AR(1)
	0.75
	19,935 (11,275 - 30,342)
	18,154 (10,149 - 28,769)

	CS
	0.25
	19,911 (11,352 - 30,173)
	18,166 (10,032 - 28,519)

	CS
	0.50
	19,955 (11,291 - 30,183)
	18,217 (10,066 - 28,262)

	CS
	0.75
	19,957 (11,269 - 30,450)
	18,245 (10,080 - 28,545)


Notes: Medians, 2.5th, and 97.5th quantiles are used to summarize the uncertainty from 10,000 Monte Carlo simulations. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. The column titled Benefit-risk includes simluations where a modified version of a formula from the benefit-risk framework was used. The last column uses the multiplier modeling approach incorporating counterfactuals and conditional probabilities that is described in this manuscript with  assumed to be , is the probability of COVID-19-associated hospitalization given a 2023-2024 COVID-19 vaccination.
Correlation structure abbreviations are AR(1) for an autoregressive structure of order 1 and CS for a compound symmetric or exchangeable structure.  denotes the correlation value used for the  parameter in the autoregressive or compound symmetric correlation structure.


Table S20. Sensitivity analysis of COVID-19-associated ICU admissions averted by 2023-2024 COVID-19 vaccination from the week of September 24, 2023, to the week of August 11, 2024, accounting for immunocompromising conditions varied the correlation structure, correlation value, and the estimates of the likelihood that vaccinated people with immuncompromising conditions and without immuncompromising conditions become hospitalized.
	Correlation
Structure
	Value of
rho
	Evans
	Smits
	Suleyman

	None
	0.00
	15,524 (8,626 - 24,504)
	8,538 (4,747 - 13,476)
	12,806 (7,114 - 20,204)

	AR(1)
	0.25
	15,545 (8,792 - 24,372)
	8,549 (4,837 - 13,405)
	12,830 (7,254 - 20,114)

	AR(1)
	0.50
	15,673 (8,629 - 24,386)
	8,618 (4,747 - 13,415)
	12,931 (7,113 - 20,108)

	AR(1)
	0.75
	15,551 (8,688 - 24,667)
	8,551 (4,782 - 13,565)
	12,830 (7,172 - 20,345)

	CS
	0.25
	15,564 (8,591 - 24,439)
	8,556 (4,723 - 13,445)
	12,842 (7,094 - 20,162)

	CS
	0.50
	15,607 (8,629 - 24,222)
	8,582 (4,746 - 13,307)
	12,878 (7,118 - 19,983)

	CS
	0.75
	15,630 (8,634 - 24,447)
	8,592 (4,746 - 13,445)
	12,897 (7,127 - 20,176)


Notes: Medians, 2.5th, and 97.5th quantiles are used to summarize the uncertainty from 10,000 Monte Carlo simulations. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. The value for  was assumed to be the probability that a vaccinated person was hospitalized. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. The value for gamma was assumed to be the probability that a vaccinated person was hospitalized. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. Correlation structure abbreviations are AR(1) for an autoregressive structure of order 1 and CS for a compound symmetric or exchangeable structure.  denotes the correlation value used for the  parameter in the autoregressive or compound symmetric correlation structure.


Table S21. Sensitivity analysis of COVID-19-associated in-hospital deaths averted by 2023-2024 COVID-19 vaccination from the week of September 24, 2023, to the week of August 11, 2024, that varied the correlation structure, correlation value, and the value for gamma, the likelihood that a vaccinated, non-hospitalized person would be hospitalized in the counterfactual condition.
	Correlation
Structure
	Value of
rho
	Benefit-risk
	Pr(H|V)

	None
	0.00
	8,063 (2,517 - 15,438)
	6,775 (2,067 - 13,398)

	AR(1)
	0.25
	8,042 (2,440 - 15,567)
	6,733 (2,074 - 13,268)

	AR(1)
	0.50
	8,059 (2,469 - 15,578)
	6,749 (2,077 - 13,557)

	AR(1)
	0.75
	8,043 (2,401 - 15,718)
	6,760 (2,002 - 13,418)

	CS
	0.25
	8,047 (2,516 - 15,546)
	6,779 (2,034 - 13,398)

	CS
	0.50
	8,034 (2,288 - 15,509)
	6,735 (1,946 - 13,242)

	CS
	0.75
	8,027 (2,445 - 15,633)
	6,741 (2,057 - 13,424)


Notes: Medians, 2.5th, and 97.5th quantiles are used to summarize the uncertainty from 10,000 Monte Carlo simulations. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. The column titled Benefit-risk includes simluations where a modified version of a formula from the benefit-risk framework was used. The last column uses the multiplier modeling approach incorporating counterfactuals and conditional probabilities that is described in this manuscript with  assumed to be , is the probability of COVID-19-associated hospitalization given a 2023-2024 COVID-19 vaccination.
Correlation structure abbreviations are AR(1) for an autoregressive structure of order 1 and CS for a compound symmetric or exchangeable structure.  denotes the correlation value used for the  parameter in the autoregressive or compound symmetric correlation structure.


Table S22. Sensitivity analysis of COVID-19-associated in-hospital deaths averted by 2023-2024 COVID-19 vaccination from the week of September 24, 2023, to the week of August 11, 2024, accounting for immunocompromising conditions varied the correlation structure, correlation value, and the estimates of the likelihood that vaccinated people with immuncompromising conditions and without immuncompromising conditions become hospitalized.
	Correlation
Structure
	Value of
rho
	Evans
	Smits
	Suleyman

	None
	0.00
	5,799 (1,780 - 11,467)
	3,187 (986 - 6,302)
	4,787 (1,463 - 9,468)

	AR(1)
	0.25
	5,766 (1,779 - 11,370)
	3,171 (979 - 6,250)
	4,759 (1,467 - 9,384)

	AR(1)
	0.50
	5,774 (1,776 - 11,613)
	3,175 (976 - 6,380)
	4,770 (1,467 - 9,583)

	AR(1)
	0.75
	5,785 (1,727 - 11,482)
	3,183 (954 - 6,306)
	4,777 (1,420 - 9,475)

	CS
	0.25
	5,804 (1,749 - 11,459)
	3,191 (964 - 6,296)
	4,791 (1,439 - 9,465)

	CS
	0.50
	5,769 (1,663 - 11,337)
	3,173 (913 - 6,233)
	4,759 (1,375 - 9,364)

	CS
	0.75
	5,778 (1,764 - 11,487)
	3,178 (971 - 6,312)
	4,766 (1,453 - 9,486)


Notes: Medians, 2.5th, and 97.5th quantiles are used to summarize the uncertainty from 10,000 Monte Carlo simulations. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. The value for  was assumed to be the probability that a vaccinated person was hospitalized. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. The value for gamma was assumed to be the probability that a vaccinated person was hospitalized. 95% uncertainty intervals (UI) were used to summarize the uncertainty from simulations. Correlation structure abbreviations are AR(1) for an autoregressive structure of order 1 and CS for a compound symmetric or exchangeable structure.  denotes the correlation value used for the  parameter in the autoregressive or compound symmetric correlation structure.
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Figure S6: Weekly estimated number of COVID-19-associated hospitalization per 100,000 people by age group.
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