SUPPLEMENTARY INFORMATION

eFigure 1. Adjudication of cause of death by chart review among vaccinated patients who died within 90 days of a first positive SARS-CoV-2 test in January-February 2022 (blue) or June-August 2022 (orange). Cases were classified as being caused by COVID-19, or with COVID-19 contributing, or with infection not contributing, and “caused” and “contributed” are combined as “COVID-19 related.” For each time period, 150 cases were reviewed for deaths 1-30 days after documented infection, and 100 cases 31-90 days after infection. Data are plotted as moving averages, with each point representing data from 10 days centered on that day.
[image: ]



eFigure 2. Deaths within 40 days of a first positive SARS-CoV-2 test, plotted by calendar month starting March 2020, stratified by whether the patients were unvaccinated (left) or vaccinated (right).  The inset in the left panel is to allow visualization of the small numbers of deaths after May 2021 (maximum 9 per month) in unvaccinated patients.
[image: ][image: ][image: ] 


eTable 1. Data dictionary
	Variable
	Definition

	Breakthrough infection
	Positive SARS-CoV-2 test (PCR or antigen) at least 14 days after the second dose of mRNA vaccine or first dose of adenoviral vaccine. Only the first breakthrough infection was analyzed

	Sex
	As recorded in structured data in the VA EHR

	Race
	As recorded in structured data in the VA EHR

	Ethnicity
	As recorded in structured data in the VA EHR

	Age
	In years at time of breakthrough infection

	Age ranges
	

	   Less than 40
	Age < 40

	   40-45
	Age ≥ 40 AND Age < 45

	   45-50
	Age ≥ 45 AND Age < 50

	   50-55
	Age ≥ 50 AND Age < 55

	   55-60
	Age ≥ 55 AND Age < 60

	   60-65
	Age ≥ 60 AND Age < 65

	   65-70
	Age ≥ 65 AND Age < 70

	   70-75
	Age ≥ 70 AND Age < 75

	   75-80
	Age ≥ 75 AND Age < 80

	   80 or greater
	Age ≥ 80

	BMI
	Calculated using most recent weight in kg within 5 years, and most recent height ever recorded. If height missing, then used US averages of 1.78m for males and 1.63m for females

	BMI Class
	

	   Underweight
	BMI < 18.5

	   Normal
	BMI ≥ 18.5 AND BMI < 25

	   Overweight
	BMI ≥ 25 AND BMI < 30

	   Obesity I
	BMI ≥ 30 AND BMI < 35

	   Obesity II
	BMI ≥ 35 AND BMI < 40

	   Severe Obesity
	BMI ≥ 40

	   Unknown
	Weight unavailable

	Region
	Geographical region was defined based on the VA facility from which each patient received their full vaccination (second dose of mRNA vaccine or first dose of adenoviral vaccine)

	   Continental
	Arkansas, Colorado, Louisiana, Mississippi, Montana, Oklahoma, Texas, Utah, Wyoming

	   Midwest
	Illinois, Indiana, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, Wisconsin

	   North Atlantic
	Connecticut, Delaware, District Of Columbia, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, North Carolina, Pennsylvania, Rhode Island, Vermont, Virginia, West Virginia

	   Pacific
	Alaska, Arizona, California, Hawaii, Idaho, Nevada, New Mexico, Oregon, Washington

	   Southeast
	Alabama, Florida, Georgia, Kentucky, Puerto Rico, South Carolina, Tennessee

	   Unknown
	Data on the VA facility not available

	Urban or rural residence
	[bookmark: _Hlk112760007]The most recent residence listed in VA records was used. For patients with multiple residences, the one closest to the vaccination site was used. Locations were defined as urban per US Census criteria, and all others were considered rural. VA also defines census regions as highly rural if they contain fewer than 7 residents per square mile. However, since only 0.4% of patients in this study resided in highly rural areas, they were combined with the rural group for analysis.

	Vaccine Type
	Defined based on the type of the initial vaccination, as recorded in the VA COVID-19 Shared Data Resource. (Patients with first and second doses of different types were excluded.)

	   Janssen
	Patient considered vaccinated 14 days after 1st dose

	   Moderna
	Patient considered vaccinated 14 days after 2nd dose

	   Pfizer
	Patient considered vaccinated 14 days after 2nd dose

	Boosted before breakthrough
	The patient was considered boosted before breakthrough if the breakthrough infection occurred at least 7 days after receiving the booster shot

	History of infection before vaccinated
	Previous positive SARS-CoV-2 test (PCR or antigen) no later than 14 days after the second mRNA vaccine or first adenoviral vaccine.

	Immune-suppressive medications before breakthrough
	

	   Before breakthrough Chemotherapy
	Order/dispensation of one of the drugs listed as chemotherapy in eFile 1 within 6 months before date of breakthrough infection

	   Before breakthrough Cytokine-blocking
	Order/dispensation of one of the drugs listed as cytokine-blocking in eFile 1 within 3 months before date of breakthrough infection

	   Before breakthrough Glucocorticoids
	Order/dispensation of one of the drugs listed as glucocorticoids in eFile 1 within 1 month before date of breakthrough infection

	   Before breakthrough Leukocyte-inhibitory
	Order/dispensation of one of the drugs listed as leukocyte-inhibitory in eFile 1 within 3 months before date of breakthrough infection

	   Before breakthrough Lymphocyte-depleting
	Order/dispensation of one of the drugs listed as lymphocyte-depleting in eFile 1 within 12 months before date of breakthrough infection

	Comorbidities
	These comorbidities were derived based the diagnosis and procedure codes described in the CMS Chronic Conditions Warehouse algorithms (https://www2.ccwdata.org/web/guest/condition-categories) anytime in the 12 months prior to the date of breakthrough infection

	   Acquired hypothyroidism
	

	   Acute myocardial infarction
	

	   Alcohol use disorders
	

	   Alzheimers disease and related disorders or senile dementia
	

	   Anemia
	

	   Anxiety disorders
	

	   Asthma
	

	   Atrial fibrillation
	

	   Bipolar disorder
	

	   Chronic kidney disease
	

	   Chronic obstructive pulmonary disease and bronchiectasis
	

	   Colorectal cancer
	

	   Depression
	

	   Diabetes
	

	   Drug use disorders
	

	   Epilepsy
	

	   Heart failure
	

	   Human immunodeficiency virus, HIV/AIDS
	

	   Hyperlipidemia
	

	   Hypertension
	

	   Ischemic heart disease
	

	   Leukemias and lymphomas
	

	   Liver disease cirrhosis and other liver conditions except viral hepatitis
	

	   Lung cancer
	

	   Mobility impairments
	

	   Multiple sclerosis and transverse myelitis
	

	   Peripheral vascular disease
	

	   Pressure and chronic ulcers
	

	   Prostate cancer
	

	   Schizophrenia and other psychotic disorders
	

	   Spinal cord injury
	

	   Stroke and transient ischemic attack
	

	   Tobacco use
	

	   Viral hepatitis
	

	Comorbidities
	Determined by chart review

	   Advanced cancer
	Regarded as likely or definitely terminal by the treating providers, solid tumor or hematologic

	   Solid organ transplantation
	No cases of bone-marrow or stem-cell transplantation were seen

	Medications to treat Covid-19
	As recorded in structured data in the VA EHR

	   Baricitinib
	

	   Dexamethasone
	

	   Remdesivir
	

	   Tocilizumab
	

	COVID19_ICD used
	Use of ICD-10 code U07.1 or J12.82 during an inpatient visit

	Hospitalization
	Inpatient admission (prevalent) to an acute-care service at a VA Medical Center, or admission to a non-VA hospital contracted with the VA.

	Inpatient Location
	Location of inpatient visits derived from VistA’s Patient Treatment File (PTF)

	   VA only
	VA acute care sites, excluding psychiatric, domiciliary, rehabilitation, or community living center (CLC) sites

	   VA and non-VA
	Inpatient visits to both VA and non-VA care sites

	   Non-VA only
	Patients receiving care from a non-VA hospital under VA auspices

	   Unknown
	Data about location of care site was not found

	Mechanical ventilation or intubation
	CPT codes 94002, 94003, 94004, 94005, or 31500; or ICD-10 codes Z99.1, Z99.11, Z99.12, or J95.851; or ICD-9 codes 96.7, 96.70, 96.71, 96.72, 96.0, 96.01, 96.02, 96.03, 96.04, or 96.05

	Hypoxemia
	Minimum SpO2 < 90% or maximum supplemental oxygen > 2L, as determined between days –1 and +14 relative to the first positive SARS-CoV-2 test

	Severity
	As assessed during the 28 days following the first positive SARS-CoV-2 test

	   Severity 1
	Not hospitalized

	   Severity 2
	Hospitalized, no hypoxemia (minimum SpO2 ≥ 94%, no supplementary oxygen)

	   Severity 3
	Hospitalized, mild hypoxemia (minimum SpO2 90-93% or supplementary oxygen < 2L/min)

	   Severity 4
	Hospitalized, severe (minimum SpO2 < 90%, or supplementary oxygen ≥ 2L, or dexamethasone)

	   Severity 5
	Death 2-28 days after test, or mechanical ventilation


eTable 2.  Demographic and clinical characteristics of patients who died 1-90 days after SARS-CoV-2 infection, stratified by calendar period and time between the positive SARS-CoV-2 test and death.  In each set of 3 columns, the first column provides data for all patients in the VA EHR meeting criteria for inclusion, the second column provides data for the 100-150 patients randomly selected for chart review, and the third column shows the standardized mean difference between the selected subsets and the source cohorts, with lower numbers indicating closer association.
	
	January-February 2022
	June-August 2022

	 
	Days 1-30
	Days 31-90
	Days 1-30
	Days 31-90

	N
	745
	150
	SMD
	651
	100
	SMD
	398
	150
	SMD
	294
	100
	SMD

	Sex (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Female
	13 (1.7)
	2 (1.3)
	0.033
	14 (2.2)
	2 (2.0)
	0.011
	10 (2.5)
	6 (4.0)
	0.084
	7 (2.4)
	0 (0.0)
	0.221

	  Male
	732 (98.3)
	148 (98.7)
	0.033
	637 (97.8)
	98 (98.0)
	0.011
	388 (97.5)
	144 (96.0)
	0.084
	287 (97.6)
	100 (100)
	0.221

	Age ranges (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Less than 40
	2 (0.3)
	0 (0.0)
	0.073
	5 (0.8)
	1 (1.0)
	0.025
	0 (0.0)
	0 (0.0)
	NA
	0 (0.0)
	0 (0.0)
	NA

	  40-45
	1 (0.1)
	0 (0.0)
	0.052
	2 (0.3)
	0 (0.0)
	0.079
	1 (0.3)
	0 (0.0)
	0.071
	4 (1.4)
	0 (0.0)
	0.166

	  45-50
	0 (0.0)
	0 (0.0)
	NA
	3 (0.5)
	2 (2.0)
	0.14
	0 (0.0)
	0 (0.0)
	NA
	2 (0.7)
	0 (0.0)
	0.117

	  50-55
	7 (0.9)
	1 (0.7)
	0.031
	14 (2.2)
	3 (3.0)
	0.054
	2 (0.5)
	1 (0.7)
	0.022
	4 (1.4)
	1 (1.0)
	0.033

	  55-60
	15 (2.0)
	1 (0.7)
	0.117
	26 (4.0)
	3 (3.0)
	0.054
	10 (2.5)
	0 (0.0)
	0.227
	4 (1.4)
	1 (1.0)
	0.033

	  60-65
	39 (5.2)
	4 (2.7)
	0.132
	52 (8.0)
	8 (8.0)
	0.001
	16 (4.0)
	6 (4.0)
	0.001
	15 (5.1)
	5 (5.0)
	0.005

	  65-70
	77 (10.3)
	25 (16.7)
	0.186
	71 (10.9)
	8 (8.0)
	0.099
	35 (8.8)
	17 (11.3)
	0.084
	28 (9.5)
	10 (10.0)
	0.016

	  70-75
	172 (23.1)
	30 (20.0)
	0.075
	130 (20.0)
	22 (22.0)
	0.05
	58 (14.6)
	23 (15.3)
	0.021
	63 (21.4)
	24 (24.0)
	0.061

	  75-80
	150 (20.1)
	31 (20.7)
	0.013
	135 (20.7)
	16 (16.0)
	0.123
	100 (25.1)
	29 (19.3)
	0.14
	61 (20.7)
	17 (17.0)
	0.096

	  80 or greater
	282 (37.9)
	58 (38.7)
	0.017
	213 (32.7)
	37 (37.0)
	0.09
	176 (44.2)
	74 (49.3)
	0.103
	113 (38.4)
	42 (42.0)
	0.073

	Age (median [IQR])
	76.61 [72.24, 84.87]
	76.16 [71.38, 85.97]
	0.05
	75.42 [69.51, 83.17]
	75.97 [70.34, 84.62]
	0.013
	78.51 [73.40, 87.71]
	79.94 [72.82, 89.34]
	0.106
	76.87 [72.64, 85.41]
	77.20 [72.90, 87.50]
	0.129

	Race (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  American Indian or Alaska Native
	8 (1.1)
	3 (2.0)
	0.075
	4 (0.6)
	1 (1.0)
	0.043
	6 (1.5)
	1 (0.7)
	0.081
	2 (0.7)
	2 (2.0)
	0.115

	  Asian
	3 (0.4)
	0 (0.0)
	0.09
	3 (0.5)
	2 (2.0)
	0.14
	3 (0.8)
	1 (0.7)
	0.01
	2 (0.7)
	0 (0.0)
	0.117

	  Black or African American
	151 (20.3)
	32 (21.3)
	0.026
	125 (19.2)
	16 (16.0)
	0.084
	68 (17.1)
	28 (18.7)
	0.041
	63 (21.4)
	19 (19.0)
	0.061

	  Native Hawaiian or Pacific Islander
	8 (1.1)
	1 (0.7)
	0.044
	9 (1.4)
	0 (0.0)
	0.167
	3 (0.8)
	1 (0.7)
	0.01
	2 (0.7)
	1 (1.0)
	0.035

	  White
	541 (72.6)
	108 (72.0)
	0.014
	469 (72.0)
	76 (76.0)
	0.09
	289 (72.6)
	105 (70.0)
	0.058
	207 (70.4)
	68 (68.0)
	0.052

	  Unknown
	34 (4.6)
	6 (4.0)
	0.028
	41 (6.3)
	5 (5.0)
	0.056
	29 (7.3)
	14 (9.3)
	0.074
	18 (6.1)
	10 (10.0)
	0.143

	Ethnicity (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Hispanic or Latino
	54 (7.2)
	8 (5.3)
	0.079
	53 (8.1)
	2 (2.0)
	0.283
	35 (8.8)
	15 (10.0)
	0.041
	26 (8.8)
	13 (13.0)
	0.134

	  Not Hispanic or Latino
	669 (89.8)
	139 (92.7)
	0.102
	572 (87.9)
	93 (93.0)
	0.175
	344 (86.4)
	130 (86.7)
	0.007
	258 (87.8)
	85 (85.0)
	0.08

	  Unknown
	22 (3.0)
	3 (2.0)
	0.061
	26 (4.0)
	5 (5.0)
	0.049
	19 (4.8)
	5 (3.3)
	0.073
	10 (3.4)
	2 (2.0)
	0.087

	Region (%)
	
	
	
	
	
	
	
	
	
	
	
	

	   Continental
	124 (16.6)
	18 (12.0)
	0.133
	121 (18.6)
	21 (21.0)
	0.061
	65 (16.3)
	23 (15.3)
	0.027
	43 (14.6)
	16 (16.0)
	0.038

	   Midwest
	160 (21.5)
	31 (20.7)
	0.02
	126 (19.4)
	18 (18.0)
	0.035
	81 (20.4)
	22 (14.7)
	0.15
	62 (21.1)
	22 (22.0)
	0.022

	   North Atlantic
	164 (22.0)
	33 (22.0)
	0.001
	133 (20.4)
	19 (19.0)
	0.036
	71 (17.8)
	33 (22.0)
	0.104
	55 (18.7)
	20 (20.0)
	0.033

	   Pacific
	128 (17.2)
	33 (22.0)
	0.122
	111 (17.1)
	21 (21.0)
	0.101
	74 (18.6)
	30 (20.0)
	0.036
	60 (20.4)
	19 (19.0)
	0.035

	   Southeast
	167 (22.4)
	35 (23.3)
	0.022
	160 (24.6)
	21 (21.0)
	0.085
	106 (26.6)
	42 (28.0)
	0.031
	74 (25.2)
	23 (23.0)
	0.051

	   Unknown
	2 (0.3)
	0 (0.0)
	0.073
	0 (0.0)
	0 (0.0)
	NA
	1 (0.3)
	0 (0.0)
	0.071
	0 (0.0)
	0 (0.0)
	NA

	Rurality (%)
	
	
	
	
	
	
	
	
	
	
	
	

	   Highly Rural
	7 (0.9)
	3 (2.0)
	0.088
	7 (1.1)
	2 (2.0)
	0.075
	5 (1.3)
	2 (1.3)
	0.007
	1 (0.3)
	0 (0.0)
	0.083

	   Rural
	212 (28.5)
	33 (22.0)
	0.149
	164 (25.2)
	23 (23.0)
	0.051
	88 (22.1)
	32 (21.3)
	0.019
	75 (25.5)
	27 (27.0)
	0.034

	   Urban
	518 (69.5)
	114 (76.0)
	0.146
	474 (72.8)
	73 (73.0)
	0.004
	296 (74.4)
	111 (74.0)
	0.008
	213 (72.4)
	68 (68.0)
	0.097

	   Unknown
	8 (1.1)
	0 (0.0)
	0.147
	6 (0.9)
	2 (2.0)
	0.09
	9 (2.3)
	5 (3.3)
	0.065
	5 (1.7)
	5 (5.0)
	0.184

	Vaccine type (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Janssen
	66 (8.9)
	11 (7.3)
	0.056
	48 (7.4)
	8 (8.0)
	0.024
	30 (7.5)
	15 (10.0)
	0.087
	17 (5.8)
	7 (7.0)
	0.05

	  Moderna
	319 (42.8)
	68 (45.3)
	0.051
	304 (46.7)
	48 (48.0)
	0.026
	192 (48.2)
	71 (47.3)
	0.018
	135 (45.9)
	48 (48.0)
	0.042

	  Pfizer
	360 (48.3)
	71 (47.3)
	0.02
	299 (45.9)
	44 (44.0)
	0.039
	176 (44.2)
	64 (42.7)
	0.031
	142 (48.3)
	45 (45.0)
	0.066

	Boosted before breakthrough (%)
	277 (37.2)
	54 (36.0)
	0.025
	296 (45.5)
	43 (43.0)
	0.05
	275 (69.1)
	104 (69.3)
	0.005
	204 (69.4)
	70 (70.0)
	0.013

	History of infection before vaccinated (%)
	13 (1.7)
	3 (2.0)
	0.019
	24 (3.7)
	2 (2.0)
	0.102
	13 (3.3)
	5 (3.3)
	0.004
	6 (2.0)
	1 (1.0)
	0.085

	BMI (median [IQR])
	28.65 [24.36, 33.33]
	29.04 [25.09, 33.54]
	0.051
	27.62 [24.13, 32.76]
	27.13 [23.40, 30.47]
	0.218
	27.45 [23.67, 32.13]
	26.93 [22.59, 31.57]
	0.085
	28.25 [25.17, 31.80]
	28.22 [25.17, 31.21]
	0.007

	BMI class (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Underweight
	17 (2.3)
	2 (1.3)
	0.071
	15 (2.3)
	2 (2.0)
	0.021
	12 (3.0)
	5 (3.3)
	0.018
	3 (1.0)
	1 (1.0)
	0.002

	  Normal
	206 (27.7)
	35 (23.3)
	0.099
	197 (30.3)
	36 (36.0)
	0.122
	123 (30.9)
	57 (38.0)
	0.15
	63 (21.4)
	22 (22.0)
	0.014

	  Overweight
	207 (27.8)
	51 (34.0)
	0.135
	194 (29.8)
	32 (32.0)
	0.048
	112 (28.1)
	32 (21.3)
	0.158
	116 (39.5)
	42 (42.0)
	0.052

	  Obesity I
	162 (21.7)
	33 (22.0)
	0.006
	132 (20.3)
	17 (17.0)
	0.084
	83 (20.9)
	35 (23.3)
	0.06
	67 (22.8)
	25 (25.0)
	0.052

	  Obesity II
	81 (10.9)
	19 (12.7)
	0.056
	65 (10.0)
	8 (8.0)
	0.069
	36 (9.0)
	14 (9.3)
	0.01
	24 (8.2)
	7 (7.0)
	0.044

	  Severe Obesity
	55 (7.4)
	9 (6.0)
	0.055
	37 (5.7)
	2 (2.0)
	0.193
	20 (5.0)
	6 (4.0)
	0.049
	13 (4.4)
	3 (3.0)
	0.075

	  Unknown
	17 (2.3)
	1 (0.7)
	0.134
	11 (1.7)
	3 (3.0)
	0.087
	12 (3.0)
	1 (0.7)
	0.175
	8 (2.7)
	0 (0.0)
	0.237

	Immune-suppressive medications before breakthrough (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Chemotherapy
	46 (6.2)
	8 (5.3)
	0.036
	43 (6.6)
	5 (5.0)
	0.069
	28 (7.0)
	6 (4.0)
	0.133
	22 (7.5)
	8 (8.0)
	0.019

	  Cytokine-blocking
	11 (1.5)
	3 (2.0)
	0.04
	8 (1.2)
	1 (1.0)
	0.022
	6 (1.5)
	2 (1.3)
	0.015
	1 (0.3)
	0 (0.0)
	0.083

	  Glucocorticoids
	133 (17.9)
	31 (20.7)
	0.071
	109 (16.7)
	16 (16.0)
	0.02
	55 (13.8)
	22 (14.7)
	0.024
	45 (15.3)
	18 (18.0)
	0.072

	  Leukocyte-inhibitory
	48 (6.4)
	10 (6.7)
	0.009
	26 (4.0)
	5 (5.0)
	0.049
	13 (3.3)
	5 (3.3)
	0.004
	3 (1.0)
	2 (2.0)
	0.08

	  Lymphocyte-depleting
	22 (3.0)
	4 (2.7)
	0.017
	20 (3.1)
	4 (4.0)
	0.05
	7 (1.8)
	3 (2.0)
	0.059
	4 (1.4)
	2 (2.0)
	0.05

	Comorbidities from algorithms (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Acquired hypothyroidism
	59 (7.9)
	12 (8.0)
	0.003
	48 (7.4)
	10 (10.0)
	0.093
	39 (9.8)
	14 (9.3)
	0.016
	20 (6.8)
	3 (3.0)
	0.177

	  Acute myocardial infarction
	10 (1.3)
	4 (2.7)
	0.095
	14 (2.2)
	2 (2.0)
	0.011
	6 (1.5)
	2 (1.3)
	0.015
	8 (2.7)
	1 (1.0)
	0.128

	  Alcohol use disorders
	43 (5.8)
	6 (4.0)
	0.082
	46 (7.1)
	8 (8.0)
	0.035
	14 (3.5)
	6 (4.0)
	0.025
	13 (4.4)
	4 (4.0)
	0.021

	  Alzheimer's disease and related disorders or senile dementia
	110 (14.8)
	19 (12.7)
	0.061
	76 (11.7)
	13 (13.0)
	0.04
	50 (12.6)
	26 (17.3)
	0.134
	37 (12.6)
	14 (14.0)
	0.042

	  Anemia
	157 (21.1)
	31 (20.7)
	0.01
	127 (19.5)
	29 (29.0)
	0.223
	60 (15.1)
	25 (16.7)
	0.044
	55 (18.7)
	21 (21.0)
	0.057

	  Anxiety disorders
	107 (14.4)
	13 (8.7)
	0.179
	120 (18.4)
	28 (28.0)
	0.228
	40 (10.1)
	21 (14.0)
	0.122
	43 (14.6)
	16 (16.0)
	0.038

	  Asthma
	8 (1.1)
	2 (1.3)
	0.024
	15 (2.3)
	1 (1.0)
	0.102
	4 (1.0)
	0 (0.0)
	0.142
	7 (2.4)
	4 (4.0)
	0.092

	  Atrial fibrillation
	107 (14.4)
	28 (18.7)
	0.116
	107 (16.4)
	14 (14.0)
	0.068
	54 (13.6)
	22 (14.7)
	0.032
	56 (19.0)
	23 (23.0)
	0.097

	  Bipolar disorder
	32 (4.3)
	4 (2.7)
	0.089
	29 (4.5)
	6 (6.0)
	0.069
	11 (2.8)
	5 (3.3)
	0.033
	20 (6.8)
	7 (7.0)
	0.008

	  Chronic kidney disease
	209 (28.1)
	52 (34.7)
	0.143
	170 (26.1)
	20 (20.0)
	0.146
	92 (23.1)
	43 (28.7)
	0.127
	68 (23.1)
	25 (25.0)
	0.044

	  Chronic obstructive pulmonary disease and bronchiectasis
	112 (15.0)
	14 (9.3)
	0.175
	116 (17.8)
	16 (16.0)
	0.049
	60 (15.1)
	22 (14.7)
	0.011
	61 (20.7)
	21 (21.0)
	0.006

	  Colorectal cancer
	12 (1.6)
	0 (0.0)
	0.181
	10 (1.5)
	1 (1.0)
	0.048
	7 (1.8)
	2 (1.3)
	0.034
	7 (2.4)
	1 (1.0)
	0.107

	  Depression
	119 (16.0)
	17 (11.3)
	0.135
	116 (17.8)
	20 (20.0)
	0.056
	46 (11.6)
	21 (14.0)
	0.073
	45 (15.3)
	17 (17.0)
	0.046

	  Diabetes
	286 (38.4)
	53 (35.3)
	0.063
	234 (35.9)
	32 (32.0)
	0.083
	133 (33.4)
	61 (40.7)
	0.151
	107 (36.4)
	39 (39.0)
	0.054

	  Drug use disorders
	28 (3.8)
	3 (2.0)
	0.105
	44 (6.8)
	10 (10.0)
	0.117
	12 (3.0)
	5 (3.3)
	0.018
	14 (4.8)
	6 (6.0)
	0.055

	  Epilepsy
	10 (1.3)
	0 (0.0)
	0.165
	11 (1.7)
	2 (2.0)
	0.023
	6 (1.5)
	1 (0.7)
	0.081
	3 (1.0)
	2 (2.0)
	0.08

	  Heart failure
	134 (18.0)
	33 (22.0)
	0.1
	109 (16.7)
	18 (18.0)
	0.033
	55 (13.8)
	29 (19.3)
	0.149
	56 (19.0)
	21 (21.0)
	0.049

	  HIV/AIDS
	7 (0.9)
	2 (1.3)
	0.037
	4 (0.6)
	1 (1.0)
	0.043
	3 (0.8)
	1 (0.7)
	0.01
	3 (1.0)
	2 (2.0)
	0.08

	  Hyperlipidemia
	259 (34.8)
	49 (32.7)
	0.044
	213 (32.7)
	24 (24.0)
	0.194
	118 (29.6)
	52 (34.7)
	0.108
	102 (34.7)
	37 (37.0)
	0.048

	  Hypertension
	398 (53.4)
	80 (53.3)
	0.002
	324 (49.8)
	50 (50.0)
	0.005
	194 (48.7)
	79 (52.7)
	0.079
	166 (56.5)
	61 (61.0)
	0.092

	  Ischemic heart disease
	171 (23.0)
	36 (24.0)
	0.025
	140 (21.5)
	20 (20.0)
	0.037
	80 (20.1)
	31 (20.7)
	0.014
	71 (24.1)
	24 (24.0)
	0.004

	  Leukemias and lymphomas
	36 (4.8)
	4 (2.7)
	0.114
	29 (4.5)
	5 (5.0)
	0.026
	8 (2.0)
	2 (1.3)
	0.053
	13 (4.4)
	6 (6.0)
	0.071

	  Liver disease: cirrhosis and other liver conditions except viral hepatitis
	51 (6.8)
	12 (8.0)
	0.044
	43 (6.6)
	8 (8.0)
	0.054
	19 (4.8)
	9 (6.0)
	0.054
	16 (5.4)
	5 (5.0)
	0.02

	  Lung cancer
	18 (2.4)
	4 (2.7)
	0.016
	20 (3.1)
	3 (3.0)
	0.004
	16 (4.0)
	3 (2.0)
	0.118
	5 (1.7)
	1 (1.0)
	0.061

	  Mobility impairments
	13 (1.7)
	3 (2.0)
	0.019
	18 (2.8)
	2 (2.0)
	0.05
	13 (3.3)
	7 (4.7)
	0.072
	8 (2.7)
	6 (6.0)
	0.161

	  Multiple sclerosis and transverse myelitis
	3 (0.4)
	0 (0.0)
	0.09
	2 (0.3)
	0 (0.0)
	0.079
	2 (0.5)
	0 (0.0)
	0.101
	1 (0.3)
	0 (0.0)
	0.083

	  Peripheral vascular disease
	65 (8.7)
	7 (4.7)
	0.163
	60 (9.2)
	9 (9.0)
	0.008
	28 (7.0)
	11 (7.3)
	0.012
	21 (7.1)
	6 (6.0)
	0.046

	  Pressure and chronic ulcers
	24 (3.2)
	1 (0.7)
	0.186
	30 (4.6)
	7 (7.0)
	0.102
	19 (4.8)
	12 (8.0)
	0.132
	16 (5.4)
	7 (7.0)
	0.065

	  Prostate cancer
	57 (7.7)
	8 (5.3)
	0.094
	42 (6.5)
	7 (7.0)
	0.022
	19 (4.8)
	7 (4.7)
	0.005
	17 (5.8)
	6 (6.0)
	0.009

	  Schizophrenia and other psychoses
	28 (3.8)
	7 (4.7)
	0.045
	25 (3.8)
	7 (7.0)
	0.14
	5 (1.3)
	3 (2.0)
	0.059
	10 (3.4)
	7 (7.0)
	0.163

	  Spinal cord injury
	3 (0.4)
	0 (0.0)
	0.09
	4 (0.6)
	1 (1.0)
	0.043
	2 (0.5)
	2 (1.3)
	0.087
	1 (0.3)
	1 (1.0)
	0.081

	  Stroke and transient ischemic attack
	39 (5.2)
	4 (2.7)
	0.132
	29 (4.5)
	7 (7.0)
	0.11
	17 (4.3)
	7 (4.7)
	0.019
	16 (5.4)
	7 (7.0)
	0.065

	  Tobacco use
	51 (6.8)
	6 (4.0)
	0.126
	78 (12.0)
	13 (13.0)
	0.031
	35 (8.8)
	16 (10.7)
	0.063
	25 (8.5)
	9 (9.0)
	0.018

	  Viral hepatitis
	24 (3.2)
	5 (3.3)
	0.006
	19 (2.9)
	2 (2.0)
	0.059
	8 (2.0)
	4 (2.7)
	0.043
	5 (1.7)
	2 (2.0)
	0.022

	Comorbidities from chart review (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Advanced cancer (%)
	
	29 (19.3)
	NA
	
	24 (24.0)
	NA
	
	31 (20.7)
	NA
	
	32 (32.0)
	NA

	  Solid organ transplant (%)
	
	6 (4.0)
	NA
	
	1 (1.0)
	NA
	
	1 (0.7)
	NA
	
	0 (0.0)
	NA

	Severity variables (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Severity 1
	24 (3.2)
	1 (0.7)
	0.186
	193 (29.6)
	24 (24.0)
	0.128
	7 (1.8)
	2 (1.3)
	0.034
	79 (26.9)
	21 (21.0)
	0.138

	  Severity 2
	7 (0.9)
	2 (1.3)
	0.037
	99 (15.2)
	21 (21.0)
	0.151
	8 (2.0)
	3 (2.0)
	0.001
	60 (20.4)
	28 (28.0)
	0.178

	  Severity 3
	4 (0.5)
	0 (0.0)
	0.104
	77 (11.8)
	11 (11.0)
	0.026
	7 (1.8)
	3 (2.0)
	0.018
	37 (12.6)
	13 (13.0)
	0.012

	  Severity 4
	26 (3.5)
	9 (6.0)
	0.118
	237 (36.4)
	35 (35.0)
	0.029
	19 (4.8)
	5 (3.3)
	0.073
	99 (33.7)
	33 (33.0)
	0.014

	  Severity 5
	677 (90.9)
	136 (90.7)
	0.007
	34 (5.2)
	6 (6.0)
	0.034
	355 (89.2)
	137 (91.3)
	0.072
	11 (3.7)
	3 (3.0)
	0.041

	  Severity unknown
	7 (0.9)
	2 (1.3)
	0.037
	11 (1.7)
	3 (3.0)
	0.087
	2 (0.5)
	0 (0.0)
	0.101
	8 (2.7)
	2 (2.0)
	0.048

	  Mechanical ventilation (%)
	92 (12.3)
	23 (15.3)
	0.087
	58 (8.9)
	9 (9.0)
	0.003
	44 (11.1)
	20 (13.3)
	0.07
	17 (5.8)
	5 (5.0)
	0.035

	  Hypoxemia (%)
	272 (36.5)
	63 (42.0)
	0.113
	154 (23.7)
	21 (21.0)
	0.064
	107 (26.9)
	47 (31.3)
	0.098
	48 (16.3)
	11 (11.0)
	0.156

	Medications for Covid-19 (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Baricitinib
	53 (7.1)
	15 (10.0)
	0.103
	11 (1.7)
	3 (3.0)
	0.087
	9 (2.3)
	8 (5.3)
	0.161
	0 (0.0)
	0 (0.0)
	NA

	  Dexamethasone
	395 (53.0)
	91 (60.7)
	0.155
	257 (39.5)
	44 (44.0)
	0.092
	155 (38.9)
	69 (46.0)
	0.143
	96 (32.7)
	28 (28.0)
	0.101

	  Remdesivir
	302 (40.5)
	71 (47.3)
	0.137
	227 (34.9)
	41 (41.0)
	0.127
	155 (38.9)
	67 (44.7)
	0.130
	126 (42.9)
	39 (39.0)
	0.079

	  Tocilizumab
	31 (4.2)
	11 (7.3)
	0.137
	13 (2.0)
	2 (2.0)
	0.001
	8 (2.0)
	2 (1.3)
	0.053
	3 (1.0)
	1 (1.0)
	0.002

	Hospitalization (%)
	548 (73.6)
	120 (80.0)
	0.153
	490 (75.3)
	78 (78.0)
	0.065
	273 (68.6)
	106 (70.7)
	0.045
	208 (72.8)
	77 (77.0)
	0.143

	Inpatient Location (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  VA only
	517 (69.4)
	106 (70.7)
	0.028
	367 (56.4)
	51 (51.0)
	0.108
	301 (75.6)
	117 (78.0)
	0.056
	189 (64.3)
	63 (63.0)
	0.027

	  VA and non-VA
	128 (17.2)
	30 (20.0)
	0.073
	171 (26.3)
	37 (37.0)
	0.232
	62 (15.6)
	26 (17.3)
	0.047
	64 (21.8)
	25 (25.0)
	0.076

	  Non-VA only
	43 (5.8)
	6 (4.0)
	0.082
	30 (4.6)
	4 (4.0)
	0.03
	9 (2.3)
	1 (0.7)
	0.133
	12 (4.1)
	6 (6.0)
	0.088

	  Unknown
	57 (7.7)
	8 (5.3)
	0.094
	83 (12.7)
	8 (8.0)
	0.156
	26 (6.5)
	6 (4.0)
	0.114
	29 (9.9)
	6 (6.0)
	0.143

	Covid ICD (%)
	646 (86.7)
	137 (91.3)
	0.148
	565 (86.8)
	84 (84.0)
	0.079
	322 (80.9)
	125 (83.3)
	0.063
	244 (83.0)
	86 (86.0)
	0.083





eTable 3.  Demographic and clinical characteristics of patients whose cases underwent chart review to determine cause of death, stratified by calendar period, time between the positive SARS-CoV-2 test and death, and determination with COVID-19 as the cause (Yes), or as an important contributor (Contrib), or with infection being unrelated (No).
	 
	January-February 2022
	June-August 2022

	
	1-30 days
	31-90 days
	1-30 days
	31-90 days

	 
	Yes
	Contrib
	No
	Yes
	Contrib
	No
	Yes
	Contrib
	No
	Yes
	Contrib
	No

	N
	82
	21
	47
	13
	14
	73
	33
	37
	80
	10
	14
	76

	Sex (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Female
	0 (0.0)
	0 (0.0)
	2 (4.3)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	0 (0.0)
	2 (5.4)
	4 (5.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	  Male
	82 (100)
	21 (100)
	45 (95.7)
	13 (100)
	14 (100)
	71 (97.3)
	33 (100)
	35 (94.6)
	76 (95.0)
	10 (100)
	14 (100)
	76 (100)

	Age ranges (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Less than 40
	0 (0.0)
	0 0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (1.4)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	  40-45
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	  45-50
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	  50-55
	0 (0.0)
	0 (0.0)
	1 (2.1)
	0 (0.0)
	0 (0.0)
	3 (4.1)
	0 (0.0)
	0 (0.0)
	1 (1.2)
	0 (0.0)
	0 (0.0)
	1 (1.3)

	  55-60
	1 (1.2)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	3 (4.1)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (1.3)

	  60-65
	2 (2.4)
	0 (0.0)
	2 (4.3)
	2 (15.4)
	0 (0.0)
	6 (8.2)
	1 (3.0)
	0 (0.0)
	5 (6.2)
	0 (0.0)
	0 (0.0)
	5 (6.6)

	  65-70
	16 (19.5)
	2 (9.5)
	7 (14.9)
	0 (0.0)
	2 (14.3)
	6 (8.2)
	1 (3.0)
	7 (18.9)
	9 (11.2)
	2 (20.0)
	0 (0.0)
	8 (10.5)

	  70-75
	17 (20.7)
	6 (28.6)
	7 (14.9)
	5 (38.5)
	3 (21.4)
	14 (19.2)
	7 (21.2)
	6 (16.2)
	10 (12.5)
	1 (10.0)
	4 (28.6)
	19 (25.0)

	  75-80
	17 (20.7)
	4 (19.0)
	10 (21.3)
	1 (7.7)
	2 (14.3)
	13 (17.8)
	9 (27.3)
	4 (10.8)
	16 (20.0)
	0 (0.0)
	2 (14.3)
	15 (19.7)

	  80 or greater
	29 (35.4)
	9 (42.9)
	20 (42.6)
	5 (38.5)
	7 (50.0)
	25 (34.2)
	15 (45.5)
	20 (54.1)
	39 (48.8)
	7 (70.0)
	8 (57.1)
	27 (35.5)

	Age (median [IQR])
	75.97 [71.33, 85.18]
	76.16
 [71.55, 85.07]
	77.73 [72.04, 86.56]
	74.17 [72.07, 82.15]
	79.59 [73.48, 88.69]
	75.91 [68.46, 84.57]
	79.56 [73.75, 90.06]
	82.32 [72.06, 89.42]
	79.94 [72.88, 87.45]
	84.38 [75.40, 95.80]
	88.98 [74.46, 94.62]
	75.90 [72.74, 83.07]

	Race (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  American Indian or Alaska Native
	1 (1.2)
	0 (0.0)
	2 (4.3)
	0 (0.0)
	0 (0.0)
	1 (1.4)
	0 (0.0)
	0 (0.0)
	1 (1.2)
	0 (0.0)
	0 (0.0)
	2 (2.6)

	  Asian
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	0 (0.0)
	1 (2.7)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	  Black or African American
	17 (20.7)
	6 (28.6)
	9 (19.1)
	1 (7.7)
	2 (14.3)
	13 (17.8)
	4 (12.1)
	8 (21.6)
	16 (20.0)
	3 (30.0)
	2 (14.3)
	14 (18.4)

	  Native Hawaiian or Pacific Islander
	1 (1.2)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (2.7)
	0 (0.0)
	0 (0.0)
	1 (7.1)
	0 (0.0)

	  White
	57 (69.5)
	15 (71.4)
	36 (76.6)
	11 (84.6)
	10 (71.4)
	55 (75.3)
	25 (75.8)
	26 (70.3)
	54 (67.5)
	7 (70.0)
	8 (57.1)
	53 (69.7)

	  Unknown
	6 (7.3)
	0 (0.0)
	0 (0.0)
	1 (7.7)
	2 (14.3)
	2 (2.7)
	4 (12.1)
	1 (2.7)
	9 (11.2)
	0 (0.0)
	3 (21.4)
	7 (9.2)

	Ethnicity (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Hispanic or Latino
	4 (4.9)
	1 (4.8)
	3 (6.4)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	4 (12.1)
	1 (2.7)
	10 (12.5)
	0 (0.0)
	4 (28.6)
	9 (11.8)

	  Not Hispanic or Latino
	78 (95.1)
	20 (95.2)
	41 (87.2)
	11 (84.6)
	13 (92.9)
	69 (94.5)
	29 (87.9)
	33 (89.2)
	68 (85.0)
	10 (100)
	10 (71.4)
	65 (85.5)

	  Unknown
	0 (0.0)
	0 (0.0)
	3 (6.4)
	2 (15.4)
	1 (7.1)
	2 (2.7)
	0 (0.0)
	3 (8.1)
	2 (2.5)
	0 (0.0)
	0 (0.0)
	2 (2.6)

	Region (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Continental
	12 (14.6)
	1 (4.8)
	5 (10.6)
	3 (23.1)
	4 (28.6)
	14 (19.2)
	9 (27.3)
	4 (10.8)
	10 (12.5)
	0 (0.0)
	4 (28.6)
	12 (15.8)

	  Midwest
	13 (15.9)
	4 (19.0)
	14 (29.8)
	1 (7.7)
	2 (14.3)
	15 (20.5)
	4 (12.1)
	5 (13.5)
	13 (16.2)
	1 (10.0)
	3 (21.4)
	18 (23.7)

	  North Atlantic
	17 (20.7)
	7 (33.3)
	9 (19.1)
	2 (15.4)
	2 (14.3)
	15 (20.5)
	8 (24.2)
	8 (21.6)
	17 (21.2)
	4 (40.0)
	1 (7.1)
	15 (19.7)

	  Pacific
	16 (19.5)
	5 (23.8)
	12 (25.5)
	2 (15.4)
	3 (21.4)
	16 (21.9)
	4 (12.1)
	8 (21.6)
	18 (22.5)
	1 (10.0)
	3 (21.4)
	15 (19.7)

	  Southeast
	24 (29.3)
	4 (19.0)
	7 (14.9)
	5 (38.5)
	3 (21.4)
	13 (17.8)
	8 (24.2)
	12 (32.4)
	22 (27.5)
	4 (40.0)
	3 (21.4)
	16 (21.1)

	  Unknown
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	Rurality (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Highly Rural
	3 (3.7)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	0 (0.0)
	0 (0.0)
	2 (2.5)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	  Rural
	17 (20.7)
	6 (28.6)
	10 (21.3)
	5 (38.5)
	1 (7.1)
	17 (23.3)
	9 (27.3)
	11 (29.7)
	12 (15.0)
	4 (40.0)
	4 (28.6)
	19 (25.0)

	  Urban
	62 (75.6)
	15 (71.4)
	37 (78.7)
	8 (61.5)
	13 (92.9)
	52 (71.2)
	23 (69.7)
	25 (67.6)
	63 (78.8)
	6 (60.0)
	8 (57.1)
	54 (71.1)

	  Unknown
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	1 (3.0)
	1 (2.7)
	3 (3.8)
	0 (0.0)
	2 (14.3)
	3 (3.9)

	Vaccine type (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Janssen
	6 (7.3)
	2 (9.5)
	3 (6.4)
	0 (0.0)
	1 (7.1)
	7 (9.6)
	3 (9.1)
	5 (13.5)
	7 (8.8)
	0 (0.0)
	1 (7.1)
	6 (7.9)

	  Moderna
	40 (48.8)
	5 23.8)
	23 (48.9)
	5 (38.5)
	7 (50.0)
	36 (49.3)
	19 (57.6)
	16 (43.2)
	36 (45.0)
	4 (40.0)
	9 (64.3)
	35 (46.1)

	  Pfizer
	36 (43.9)
	14 (66.7)
	21 (44.7)
	8 (61.5)
	6 (42.9)
	30 (41.1)
	11 (33.3)
	16 (43.2)
	37 (46.2)
	6 (60.0)
	4 (28.6)
	35 (46.1)

	Boosted before breakthrough (%)
	30 (36.6)
	6 (28.6)
	18 (38.3)
	6 (46.2)
	5 (35.7)
	32 (43.8)
	23 (69.7)
	21 (56.8)
	60 (75.0)
	9 (90.0)
	10 (71.4)
	51 (67.1)

	History of infection before vaccinated (%)
	0 (0.0)
	0 (0.0)
	3 (6.4)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	0 (0.0)
	0 (0.0)
	5 (6.2)
	0 (0.0)
	0 (0.0)
	1 (1.3)

	BMI (median [IQR])
	29.92 [26.63, 34.80]
	27.28
 [24.77, 31.09]
	26.54 [24.13, 30.26]
	29.88 [24.35, 31.17]
	26.97 [23.97, 29.17]
	26.75 [22.44, 29.94]
	29.03 [24.52, 30.99]
	28.11 [23.86, 30.61]
	26.34 [21.65, 31.70]
	29.84 [22.65, 31.50]
	27.08 [24.08, 30.37]
	28.17 [25.84, 31.31]

	BMI class (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Underweight
	1 (1.2)
	0 (0.0)
	1 (2.1)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	1 (3.0)
	1 (2.7)
	3 (3.8)
	1 (10.0)
	0 (0.0)
	0 (0.0)

	  Normal
	14 (17.1)
	6 (28.6)
	15 (31.9)
	4 (30.8)
	5 (35.7)
	27 (37.0)
	9 (27.3)
	13 (35.1)
	35 (43.8)
	2 (20.0)
	5 (35.7)
	15 (19.7)

	  Overweight
	26 (31.7)
	8 (38.1)
	17 (36.2)
	2 (15.4)
	6 (42.9)
	24 (32.9)
	8 (24.2)
	11 (29.7)
	13 (16.2)
	3 (30.0)
	4 (28.6)
	35 (46.1)

	  Obesity I
	22 (26.8)
	3 (14.3)
	8 (17.0)
	5 (38.5)
	2 (14.3)
	10 (13.7)
	11 (33.3)
	6 (16.2)
	18 (22.5)
	3 (30.0)
	5 (35.7)
	17 (22.4)

	  Obesity II
	13 (15.9)
	3 (14.3)
	3 (6.4)
	1 (7.7)
	0 (0.0)
	7 (9.6)
	2 (6.1)
	5 (13.5)
	7 (8.8)
	1 (10.0)
	0 (0.0)
	6 (7.9)

	  Severe Obesity
	6 (7.3)
	1 (4.8)
	2 (4.3)
	0 (0.0)
	1 (7.1)
	1 (1.4)
	1 (3.0)
	1 (2.7)
	4 (5.0)
	0 (0.0)
	0 (0.0)
	3 (3.9)

	  Unknown
	0 (0.0)
	0 (0.0)
	1 (2.1)
	1 (7.7)
	0 (0.0)
	2 (2.7)
	1 (3.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	Immune-suppressive medications before breakthrough (%)
	
	
	
	
	
	
	
	
	
	
	

	  Chemotherapy
	2 (2.4)
	2 (9.5)
	4 (8.5)
	0 (0.0)
	0 (0.0)
	5 (6.8)
	1 (3.0)
	0 (0.0)
	5 (6.2)
	0 (0.0)
	0 (0.0)
	8 (10.5)

	  Cytokine-blocking
	2 (2.4)
	1 (4.8)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (1.4)
	1 (3.0)
	1 (2.7)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	  Glucocorticoids
	19 (23.2)
	6 (28.6)
	6 (12.8)
	5 (38.5)
	4 (28.6)
	7 (9.6)
	6 (18.2)
	9 (24.3)
	7 (8.8)
	2 (20.0)
	3 (21.4)
	13 (17.1)

	  Leukocyte-inhibitory
	8 (9.8)
	1 (4.8)
	1 (2.1)
	3 (23.1)
	0 (0.0)
	2 (2.7)
	1 (3.0)
	3 (8.1)
	1 (1.2)
	0 (0.0)
	1 (7.1)
	1 (1.3)

	  Lymphocyte-depleting
	2 (2.4)
	1 (4.8)
	1 (2.1)
	3 (23.1)
	1 (7.1)
	0 (0.0)
	2 (6.1)
	0 (0.0)
	1 (1.2)
	2 (20.0)
	0 (0.0)
	0 (0.0)

	Comorbidities from algorithms (%)
	
	
	
	
	
	
	
	
	
	
	

	  Acquired hypothyroidism
	4 (4.9)
	3 (14.3)
	5 (10.6)
	3 (23.1)
	3 (21.4)
	4 (5.5)
	5 (15.2)
	5 (13.5)
	4 (5.0)
	0 (0.0)
	1 (7.1)
	2 (2.6)

	  Acute myocardial infarction
	2 (2.4)
	0 (0.0)
	2 (4.3)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	1 (3.0)
	1 (2.7)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (1.3)

	  Alcohol use disorders
	3 (3.7)
	0 (0.0)
	3 (6.4)
	0 (0.0)
	0 (0.0)
	8 (11.0)
	1 (3.0)
	5 (13.5)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	4 (5.3)

	  Alzheimer's disease and related disorders or senile dementia
	10 (12.2)
	1 (4.8)
	8 (17.0)
	1 (7.7)
	2 (14.3)
	10 (13.7)
	2 (6.1)
	10 (27.0)
	14 (17.5)
	1 (10.0)
	3 (21.4)
	10 (13.2)

	  Anemia
	13 (15.9)
	2 (9.5)
	16 (34.0)
	4 (30.8)
	6 (42.9)
	19 (26.0)
	5 (15.2)
	9 (24.3)
	11 (13.8)
	3 (30.0)
	5 (35.7)
	13 (17.1)

	  Anxiety disorders
	9 (11.0)
	1 (4.8)
	3 (6.4)
	2 (15.4)
	5 (35.7)
	21 (28.8)
	6 (18.2)
	4 (10.8)
	11 (13.8)
	0 (0.0)
	2 (14.3)
	14 (18.4)

	  Asthma
	2 (2.4)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (7.1)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (14.3)
	2 (2.6)

	  Atrial fibrillation
	16 (19.5)
	3 (14.3)
	9 (19.1)
	1 (7.7)
	3 (21.4)
	10 (13.7)
	5 (15.2)
	6 (16.2)
	11 (13.8)
	4 (40.0)
	4 (28.6)
	15 (19.7)

	  Bipolar disorder
	3 (3.7)
	0 (0.0)
	1 (2.1)
	1 (7.7)
	0 (0.0)
	5 (6.8)
	0 (0.0)
	0 (0.0)
	5 (6.2)
	0 (0.0)
	2 (14.3)
	5 (6.6)

	  Chronic kidney disease
	26 (31.7)
	8 (38.1)
	18 (38.3)
	4 (30.8)
	5 (35.7)
	11 (15.1)
	10 (30.3)
	13 (35.1)
	20 (25.0)
	4 (40.0)
	2 (14.3)
	19 (25.0)

	  Chronic obstructive pulmonary disease and bronchiectasis
	9 (11.0)
	2 (9.5)
	3 (6.4)
	1 (7.7)
	5 (35.7)
	10 (13.7)
	6 (18.2)
	10 (27.0)
	6 (7.5)
	2 (20.0)
	4 (28.6)
	15 (19.7)

	  Colorectal cancer
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (1.4)
	0 (0.0)
	0 (0.0)
	2 (2.5)
	0 (0.0)
	0 (0.0)
	1 (1.3)

	  Depression
	7 (8.5)
	1 (4.8)
	9 (19.1)
	2 (15.4)
	1 (7.1)
	17 (23.3)
	3 (9.1)
	8 (21.6)
	10 (12.5)
	1 (10.0)
	3 (21.4)
	13 (17.1)

	  Diabetes
	31 (37.8)
	6 (28.6)
	16 (34.0)
	5 (38.5)
	5 (35.7)
	22 (30.1)
	14 (42.4)
	14 (37.8)
	33 (41.2)
	4 (40.0)
	6 (42.9)
	29 (38.2)

	  Drug use disorders
	1 (1.2)
	1 (4.8)
	1 (2.1)
	2 (15.4)
	0 (0.0)
	8 (11.0)
	1 (3.0)
	2 (5.4)
	2 (2.5)
	0 (0.0)
	1 (7.1)
	5 (6.6)

	  Epilepsy
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	0 (0.0)
	1 (2.7)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (2.6)

	  Heart failure
	18 (22.0)
	5 (23.8)
	10 (21.3)
	1 (7.7)
	6 (42.9)
	11 (15.1)
	6 (18.2)
	10 (27.0)
	13 (16.2)
	1 (10.0)
	5 (35.7)
	15 (19.7)

	  HIV/AIDS
	1 (1.2)
	0 (0.0)
	1 (2.1)
	0 (0.0)
	0 (0.0)
	1 (1.4)
	0 (0.0)
	1 (2.7)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (2.6)

	  Hyperlipidemia
	26 (31.7)
	6 (28.6)
	17 (36.2)
	2 (15.4)
	4 (28.6)
	18 (24.7)
	9 (27.3)
	15 (40.5)
	28 (35.0)
	3 (30.0)
	6 (42.9)
	28 (36.8)

	  Hypertension
	45 (54.9)
	8 (38.1)
	27 (57.4)
	6 (46.2)
	9 (64.3)
	35 (47.9)
	16 (48.5)
	22 (59.5)
	41 (51.2)
	6 (60.0)
	10 (71.4)
	45 (59.2)

	  Ischemic heart disease
	18 (22.0)
	5 (23.8)
	13 (27.7)
	2 (15.4)
	5 (35.7)
	13 (17.8)
	7 (21.2)
	14 (37.8)
	10 (12.5)
	2 (20.0)
	6 (42.9)
	16 (21.1)

	  Leukemias and lymphomas
	3 (3.7)
	1 (4.8)
	0 (0.0)
	2 (15.4)
	3 (21.4)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (2.5)
	3 (30.0)
	0 (0.0)
	3 (3.9)

	  Liver disease: cirrhosis and other liver conditions except viral hepatitis
	7 (8.5)
	2 (9.5)
	3 (6.4)
	1 (7.7)
	2 (14.3)
	5 (6.8)
	3 (9.1)
	1 (2.7)
	5 (6.2)
	0 (0.0)
	1 (7.1)
	4 (5.3)

	  Lung cancer
	0 (0.0)
	1 (4.8)
	3 (6.4)
	1 (7.7)
	1 (7.1)
	1 (1.4)
	1 (3.0)
	1 (2.7)
	1 (1.2)
	0 (0.0)
	0 (0.0)
	1 (1.3)

	  Mobility impairments
	1 (1.2)
	0 (0.0)
	2 (4.3)
	0 (0.0)
	0 (0.0)
	2 (2.7)
	1 (3.0)
	3 (8.1)
	3 (3.8)
	1 (10.0)
	1 (7.1)
	4 (5.3)

	  Multiple sclerosis and transverse myelitis
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	  Peripheral vascular disease
	1 (1.2)
	2 (9.5)
	4 (8.5)
	0 (0.0)
	2 (14.3)
	7 (9.6)
	3 (9.1)
	3 (8.1)
	5 (6.2)
	0 (0.0)
	0 (0.0)
	6 (7.9)

	  Pressure and chronic ulcers
	1 (1.2)
	0 (0.0)
	0 (0.0)
	1 (7.7)
	1 (7.1)
	5 (6.8)
	0 (0.0)
	4 (10.8)
	8 (10.0)
	3 (30.0)
	0 (0.0)
	4 (5.3)

	  Prostate cancer
	3 (3.7)
	3 (14.3)
	2 (4.3)
	1 (7.7)
	0 (0.0)
	6 (8.2)
	2 (6.1)
	1 (2.7)
	4 (5.0)
	0 (0.0)
	0 (0.0)
	6 (7.9)

	  Schizophrenia and other psychoses
	3 (3.7)
	0 (0.0)
	4 (8.5)
	2 (15.4)
	1 (7.1)
	4 (5.5)
	0 (0.0)
	0 (0.0)
	3 (3.8)
	0 (0.0)
	2 (14.3)
	5 (6.6)

	  Spinal cord injury
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (1.4)
	0 (0.0)
	0 (0.0)
	2 (2.5)
	1 (10.0)
	0 (0.0)
	0 (0.0)

	  Stroke and transient ischemic attack
	2 (2.4)
	0 (0.0)
	2 (4.3)
	0 (0.0)
	0 (0.0)
	7 (9.6)
	1 (3.0)
	1 (2.7)
	5 (6.2)
	0 (0.0)
	2 (14.3)
	5 (6.6)

	  Tobacco use
	3 (3.7)
	1 (4.8)
	2 (4.3)
	2 (15.4)
	0 (0.0)
	11 (15.1)
	3 (9.1)
	6 (16.2)
	7 (8.8)
	1 (10.0)
	1 (7.1)
	7 (9.2)

	  Viral hepatitis
	2 (2.4)
	1 (4.8)
	2 (4.3)
	0 (0.0)
	1 (7.1)
	1 (1.4)
	1 (3.0)
	1 (2.7)
	2 (2.5)
	0 (0.0)
	1 (7.1)
	1 (1.3)

	Comorbidities from chart review (%)
	
	
	
	
	
	
	
	
	
	
	

	  Advanced cancer (%)
	7 (8.5)
	7 (33.3)
	15 (31.9)
	2 (15.4)
	1 (7.1)
	21 (28.8)
	0 (0.0)
	5 (13.5)
	26 (32.5)
	2 (20.0)
	1 (7.1)
	29 (38.2)

	  Solid organ transpant (%)
	5 (6.1)
	0 (0.0)
	1 (2.1)
	0 (0.0)
	0 (0.0)
	1 (1.4)
	0 (0.0)
	1 (2.7)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	Severity variables (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Severity 1
	0 (0.0)
	1 (4.8)
	0 (0.0)
	2 (15.4)
	0 (0.0)
	22 (30.1)
	0 (0.0)
	1 (2.7)
	1 (1.2)
	0 (0.0)
	2 (14.3)
	19 (25.0)

	  Severity 2
	0 (0.0)
	0 (0.0)
	2 (4.3)
	1 (7.7)
	1 (7.1)
	19 (26.0)
	0 (0.0)
	0 (0.0)
	3 (3.8)
	2 (20.0)
	3 (21.4)
	23 (30.3)

	  Severity 3
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (7.7)
	1 (7.1)
	9 (12.3)
	0 (0.0)
	1 (2.7)
	2 (2.5)
	1 (10.0)
	1 (7.1)
	11 (14.5)

	  Severity 4
	7 (8.5)
	1 (4.8)
	1 (2.1)
	6 (46.2)
	7 (50.0)
	22 (30.1)
	0 (0.0)
	1 (2.7)
	4 (5.0)
	5 (50.0)
	7 (50.0)
	21 (27.6)

	  Severity 5
	73 (89.0)
	19 (90.5)
	44 (93.6)
	3 (23.1)
	3 (21.4)
	0 (0.0)
	33 (100)
	34 (91.9)
	70 (87.5)
	2 (20.0)
	0 (0.0)
	1 (1.3)

	  Severity unknown
	2 (2.4)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	2 (14.3)
	1 (1.4)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (7.1)
	1 (1.3)

	  Mechanical ventilation (%)
	19 (23.2)
	2 (9.5)
	2 (4.3)
	5 (38.5)
	3 (21.4)
	1 (1.4)
	6 (18.2)
	4 (10.8)
	10 (12.5)
	2 (20.0)
	0 (0.0)
	3 (3.9)

	  Hypoxemia (%)
	47 (57.3)
	7 (33.3)
	9 (19.1)
	7 (53.8)
	8 (57.1)
	6 (8.2)
	15 (45.5)
	15 (40.5)
	17 (21.2)
	4 (40.0)
	2 (14.3)
	5 (6.6)

	Medications for Covid-19 (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  Baricitinib
	15 (18.3)
	0 (0.0)
	0 (0.0)
	2 (15.4)
	0 (0.0)
	1 (1.4)
	4 (12.1)
	3 (8.1)
	1 (1.2)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	  Dexamethasone
	65 (79.3)
	15 (71.4)
	11 (23.4)
	10 (76.9)
	9 (64.3)
	25 (34.2)
	28 (84.8)
	21 (56.8)
	20 (25.0)
	5 (50.0)
	5 (35.7)
	18 (23.7)

	  Remdesivir
	46 (56.1)
	14 (66.7)
	11 (23.4)
	10 (76.9)
	7 (50.0)
	24 (32.9)
	21 (63.6)
	22 (59.5)
	25 (31.2)
	4 (40.0)
	4 (28.6)
	29 (38.2)

	  Tocilizumab
	10 (12.2)
	1 (4.8)
	0 (0.0)
	0 (0.0)
	2 (14.3)
	0 (0.0)
	2 (6.1)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	Hospitalization (%)
	73 (89.0)
	19 (90.5)
	28 (59.6)
	12 (92.3)
	12 (85.7)
	54 (74.0)
	27 (81.8)
	28 (75.7)
	51 (63.7)
	8 (80.0)
	12 (85.7)
	57 (75.0)

	Inpatient location (%)
	
	
	
	
	
	
	
	
	
	
	
	

	  VA only
	55 (67.1)
	16 (76.2)
	35 (74.5)
	8 (61.5)
	8 (57.1)
	35 (47.9)
	24 (72.7)
	31 (83.8)
	62 (77.5)
	8 (80.0)
	8 (57.1)
	47 (61.8)

	  VA and non-VA
	16 (19.5)
	5 (23.8)
	9 (19.1)
	4 (30.8)
	6 (42.9)
	27 (37.0)
	7 (21.2)
	6 (16.2)
	13 (16.2)
	2 (20.0)
	4 (28.6)
	19 (25.0)

	  Non-VA only
	6 (7.3)
	0 (0.0)
	0 (0.0)
	1 (7.7)
	0 (0.0)
	3 (4.1)
	1 (3.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)
	1 (7.1)
	5 (6.6)

	  Unknown
	5 (6.1)
	0 (0.0)
	3 (6.4)
	0 (0.0)
	0 (0.0)
	8 (11.0)
	1 (3.0)
	0 (0.0)
	5 (6.2)
	0 (0.0)
	1 (7.1)
	5 (6.6)

	Covid ICD (%)
	76 (92.7)
	20 (95.2)
	41 (87.2)
	11 (84.6)
	14 (100)
	59 (80.8)
	33 (100)
	34 (91.9)
	58 (72.5)
	9 (90.0)
	13 (92.9)
	64 (84.2)



eFile 1. Comorbidities and immune-suppressive drugs. 
Comorbidities were identified based on meeting definitions in the Chronic Conditions Warehouse (CCW) during the 12 months prior to infection. Recent use of immune-suppressive drugs was defined as described below. The comorbidities of interest, based on adjusted odds ratios >1.5 in our previous study of risk factors for severe breakthrough COVID-19,[ref 7] included Alzheimer’s or other dementia, heart failure, chronic kidney disease, chronic obstructive pulmonary disease (COPD), multiple sclerosis, mobility impairments, pressure ulcers, schizophrenia or other psychoses, and underweight (body mass index < 18.5). Progressive, incurable cancer was identified by chart review and coded as one variable, since diversity was much greater than the specific cancers that are coded in CCW without reference to severity (breast, colon, leukemia/lymphoma, lung, prostate). A history of solid organ transplantation was also determined during chart review. An index of severe chronic illness was made by assigning one point to each of the variables above, including each of the 5 classes of immune-suppressive drugs. Organ transplantation was included in the index in addition to immune-suppressive drugs, because this is one of the few conditions in which use of two drugs in the same class (leukocyte-inhibitory) is expected, and because organ transplantation was identified as a particularly strong risk factor in severe COVID-19 infection despite vaccination and boosting in another study.[ref 11] Multiple sclerosis and underweight were not included in the index of severe chronic illness, due to the very low prevalence in this study. Other comorbidities phenotyped in CCW thought likely to be associated with death for reasons other than Covid-19 (e.g., substance abuse, ischemic heart disease, stroke, peripheral vascular disease, and liver disease) were also included in the description and analysis of the cohorts, but not in the index of severe chronic illness. 
Immune-suppressive drugs used before SARS-CoV-2 infection despite vaccination. Drugs were classified into 5 groups, since analyzing effects of individual drugs was impossible. Two drugs shown in parentheses (tacrolimus and cyclosporine) were not included in the analysis, because they are also widely used in topical formulations, which do not confer systemic immune-suppression. It is unlikely that patients on immune-suppressed were inappropriately omitted, because the great majority of use of tacrolimus and cyclosporine is for organ transplantation (which is used a comorbidity in this study) and in combination with mycophenolate, mycophenolic acid, or azathioprine, all of which are included on this list.
	Generic name
	Classification
	Months before positive testa
	Generic name
	Classification
	Months before positive testa

	arsenic
	Chemotherapy
	6
	adalimumab
	Cytokine-blocking
	3

	asparaginase
	Chemotherapy
	6
	anakinra
	Cytokine-blocking
	3

	azacitidine
	Chemotherapy
	6
	benralizumab
	Cytokine-blocking
	3

	bendamustine
	Chemotherapy
	6
	brodalumab
	Cytokine-blocking
	3

	bleomycin
	Chemotherapy
	6
	canakinumab
	Cytokine-blocking
	3

	busulfan
	Chemotherapy
	6
	certolizumab
	Cytokine-blocking
	3

	cabazitaxel
	Chemotherapy
	6
	dupilumab
	Cytokine-blocking
	3

	calaspargase
	Chemotherapy
	6
	etanercept
	Cytokine-blocking
	3

	capecitabine
	Chemotherapy
	6
	golimumab
	Cytokine-blocking
	3

	carboplatin
	Chemotherapy
	6
	infliximab
	Cytokine-blocking
	3

	carmustine
	Chemotherapy
	6
	ixekizumab
	Cytokine-blocking
	3

	chlorambucil
	Chemotherapy
	6
	mepolizumab
	Cytokine-blocking
	3

	cisplatin
	Chemotherapy
	6
	rilonacept
	Cytokine-blocking
	3

	cladribine
	Chemotherapy
	6
	sarilumab
	Cytokine-blocking
	3

	clofarabine
	Chemotherapy
	6
	secukinumab
	Cytokine-blocking
	3

	cyclophosphamide
	Chemotherapy
	6
	tocilizumab
	Cytokine-blocking
	3

	cytarabine
	Chemotherapy
	6
	ustekinumab
	Cytokine-blocking
	3

	dacarbazine
	Chemotherapy
	6
	methylprednisolone
	Glucocorticoids
	3

	dactinomycin
	Chemotherapy
	6
	prednisone
	Glucocorticoids
	3

	daunorubicin
	Chemotherapy
	6
	abatacept
	Leukocyte-inhib
	3

	decitabine
	Chemotherapy
	6
	azathioprine
	Leukocyte-inhib
	3

	docetaxel
	Chemotherapy
	6
	baricitinib
	Leukocyte-inhib
	3

	doxorubicin
	Chemotherapy
	6
	belimumab
	Leukocyte-inhib
	3

	epirubicin
	Chemotherapy
	6
	(cyclosporine)
	(Leukocyte-inhib)
	

	eribulin
	Chemotherapy
	6
	dimethyl fumarate
	Leukocyte-inhib
	3

	etoposide
	Chemotherapy
	6
	fingolimod
	Leukocyte-inhib
	3

	fludarabine
	Chemotherapy
	6
	leflunomide
	Leukocyte-inhib
	3

	gemcitabine
	Chemotherapy
	6
	methotrexate
	Leukocyte-inhib
	3

	hydroxycamptothecin
	Chemotherapy
	6
	mycophenolate
	Leukocyte-inhib
	3

	hydroxyurea
	Chemotherapy
	6
	mycophenolic
	Leukocyte-inhib
	3

	idarubicin
	Chemotherapy
	6
	natalizumab
	Leukocyte-inhib
	3

	ifosfamide
	Chemotherapy
	6
	rapamycin
	Leukocyte-inhib
	3

	irinotecan
	Chemotherapy
	6
	sirolimus
	Leukocyte-inhib
	3

	ixabepilone
	Chemotherapy
	6
	(tacrolimus)
	(Leukocyte-inhib)
	

	lomustine
	Chemotherapy
	6
	teriflunomide
	Leukocyte-inhib
	3

	mechlorethamine
	Chemotherapy
	6
	tofacitinib
	Leukocyte-inhib
	3

	melphalan
	Chemotherapy
	6
	upadacitinib
	Leukocyte-inhib
	3

	mercaptopurine
	Chemotherapy
	6
	vedolizumab
	Leukocyte-inhib
	3

	mitomycin c
	Chemotherapy
	6
	alemtuzumab
	Lymph-depleting
	12

	mitoxantrone
	Chemotherapy
	6
	obinutuzumab
	Lymph-depleting
	12

	nelarabine
	Chemotherapy
	6
	ocrelizumab
	Lymph-depleting
	12

	oxaliplatin
	Chemotherapy
	6
	rituximab
	Lymph-depleting
	12

	paclitaxel
	Chemotherapy
	6
	
	
	

	pegaspargase
	Chemotherapy
	6
	
	
	

	pemetrexed
	Chemotherapy
	6
	
	
	

	pralatrexate
	Chemotherapy
	6
	
	
	

	procarbazine
	Chemotherapy
	6
	
	
	

	temozolomide
	Chemotherapy
	6
	
	
	

	thioguanine
	Chemotherapy
	6
	
	
	

	thiotepa
	Chemotherapy
	6
	
	
	

	topotecan
	Chemotherapy
	6
	
	
	

	trabectedin
	Chemotherapy
	6
	
	
	

	trifluridine
	Chemotherapy
	6
	
	
	

	valrubicin
	Chemotherapy
	6
	
	
	

	vinblastine
	Chemotherapy
	6
	
	
	

	vincristine
	Chemotherapy
	6
	
	
	

	vindesine
	Chemotherapy
	6
	
	
	

	vinorelbine
	Chemotherapy
	6
	
	
	


a Prescription within this number of months before vaccination or before breakthrough infection was used to define use.
Inhib = inhibitory. Lymph = lymphocyte (B cells or both B and T cells)
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