Supplementary Appendix
Table of Contents

Lung Injury Response Mortality Working Group	2
Author contributions	2
Collaborators	3
Vignettes	3
Vignette 1 - Multiple comorbidities in a patient who used THC-, CBD-, and nicotine-containing products	3
Vignette 2 - Recrudescence of symptoms in a patient who used both THC- and nicotine-containing products	4
Vignette 3 - No corticosteroids on initial hospitalization in a patient who did not report use of THC-containing products	5
Table S1. Primary case definitions for patients with e-cigarette, or vaping, product use-associated lung injury (EVALI).	7
Table S2. Out-of-hospital case definitions for patients with e-cigarette, or vaping, product use-associated lung injury (EVALI).	9
Table S3. Clinical characteristics, including initial vital signs and laboratory results, of e-cigarette, or vaping, product use-associated lung injury (EVALI) fatal and nonfatal cases.	11
Radiologic findings	16

[bookmark: _Toc33642794]Lung Injury Response Mortality Working Group
Sondra Reese, MPH, Alabama Department of Public Health; Lynn E. Sosa, MD, Connecticut Department of Public Health; Adrienne Sherman, MPH, District of Columbia Department of Health and CSTE Applied Epidemiology Fellowship Program; Caroline Judd, MPH, Delaware Department of Health and Social Services, Division of Public Health, Epidemiology Research Unit; Thomas Troelstrup, MPH, Florida Department of Health; Lee Hundley, MPH, Georgia Department of Public Health; Justin Blanding, MPH, Kansas Department of Health and Environment; Julie Hand, MSPH, Louisiana Department of Health; Lawrence C. Madoff, MD, Massachusetts Department of Public Health; Rita Seith, MPH, Michigan Department of Health and Human Services; George Turabelidze, MD, PhD, Missouri Department of Health and Senior Services; Laura L. Williamson, MPH, Montana Department of Public Health and Human Services; Matthew A. Donahue, MD, Epidemic Intelligence Service, CDC; Stephen Perez, RN, PhD, New Jersey Department of Health; Tasha Poissant, MPH, Oregon Health Authority; Jeffrey R. Miller, MD, Division of State and Local Readiness, Center for Preparedness and Response, CDC; Delphine Torbik, RN, BSN, Wilkes-Barre City Health Department; James Rajotte, MS, Rhode Island Department of Health; Daniel Kilpatrick, PhD, South Carolina Department of Health and Environmental Control; Kelly Squires, MPH, Tennessee Department of Health; Emily Hall, MPH, Texas Department of State Health Services; Varun Shetty, MD, Epidemic Intelligence Service, CDC and Texas Department of State Health Services; Nathaniel M. Lewis, PhD, Epidemic Intelligence Service, CDC and Utah Department of Health; Jonathan Falk, MPH, and Lilian Peake, MD, Virginia Department of Health. JRM and DT, EH, and VS, and JF and LP contributed equally.

[bookmark: _Toc33642795]Author contributions
AKW, EHK, KC-S, EEP, and SR-S conceptualized and designed the study; AKW, CA, P Byers, CRC, IG, SMH, KAN, EAK, and the Lung Injury Response Mortality Working Group gathered the data; AKW, EHK, KC-S, MLD, and PPS analyzed the data; AKW, EHK, KC-S, MLD, PSP, SE, EDM, EEP, EAK, GTB, P Briss, CMJ, BAK, VK, DAR, and SR-S interpreted the data; AKW, EHK, KCS, CA, P Byers, CRC, IG, SMH, KAN, MLD, PSP, SE, EDM, EEP, EAK, GTB, P Briss, CMJ, BAK, VK, DAR, SR-S, and the Lung Injury Mortality Working Group reviewed and revised the manuscript. AKW wrote the first draft of the manuscript. AKW, PSP, CA, P Byers, CRC, IG, SMH, KAN, and EAK vouch for the data and the analysis. AKW, EHK, KC-S, and SR-S decided to publish the paper.

[bookmark: _Toc33642796]Collaborators
Mary E. Evans; Jennifer L. Wiltz; Benjamin C. Blount; Mateusz P. Karwowski, Maria Morel-Espinosa; Jon Rees.

[bookmark: _Toc33642797]Vignettes
[bookmark: _Toc33642798]Vignette 1 - Multiple comorbidities in a patient who used THC-, CBD-, and nicotine-containing products
Patient A, aged ≥35 years, presented to the ED eight days after symptom onset with cough, chills, shortness of breath, and subjective fever.  Patient A had co-existing morbid obesity, chronic obstructive pulmonary disease (COPD), asthma, heart failure with preserved ejection fraction, hypertension, and bipolar disorder. On arrival, Patient A spoke in one word sentences due to respiratory distress; vital signs included a temperature of 38.5°C, heart rate of 121 beats/minute, respiratory rate of 42 breaths/minute, and oxygen saturation of 91% on room (ambient) air. Chest radiographs (CXR) showed extensive bilateral lung opacities. Patient A reported smoking conventional combustible cigarettes and use of e-cigarette, or vaping, products prior to onset of symptoms; further information obtained from the clinical care team and medical records found the patient used THC-, CBD-, and nicotine-containing products.
Patient A was admitted for acute hypoxic respiratory failure, presumed asthma/COPD exacerbation, suspected bilateral pneumonia, and suspected acute congestive heart failure. Treatment was initiated with broad spectrum antibiotics, diuretics, bronchodilators, and systemic corticosteroids. The patient was placed on bilevel positive airway pressure (BiPAP) but could not tolerate wearing the device consistently. Within 48 hours of admission, the patient had increasing oxygen needs requiring mechanical ventilation and was diagnosed with acute respiratory distress syndrome. A bronchoscopy/bronchoalveolar lavage (BAL) on hospital day three showed edematous membranes but no other gross findings. Cultures of blood, urine, BAL, and sputum were negative. Adequate oxygenation and ventilation remained difficult despite pronation and other positioning, and the patient died on the twenty-first hospital day.
[bookmark: _Toc33642799]Vignette 2 - Recrudescence of symptoms in a patient who used both THC- and nicotine-containing products
Patient B, a current combustible nicotine smoker aged <35 years with a history of ADHD, anemia, anxiety, and depression, presented to an outpatient clinic two days after symptom onset, then re-presented later the same day to an ED with complaints of worsening nausea, vomiting, and abdominal pain. In the ED, vital signs included a temperature of 38.2°C, a heart rate of 96 beats/minute, a respiratory rate of 20 breaths/minute, and oxygen saturation of 98% on room air. A computed tomography (CT) scan of the abdomen/pelvis demonstrated patchy interstitial infiltrates noted in both lung bases. Antibiotics and anti-emetics were prescribed, and the patient was discharged home with a diagnosis of community-acquired pneumonia.
Three days later, Patient B presented to a different ED with complaints of persistent nausea, vomiting, cough, shortness of breath, fever, fatigue, and weakness. Presenting vital signs included a temperature of 38.2°C, heart rate of 96 beats/minute, respiratory rate of 20 breaths/minute, and oxygen saturation of 90% on room air. The initial CXR demonstrated bilateral interstitial infiltrates. Chest CT showed bilateral ground-glass infiltrates and patchy consolidations throughout, more prominent in the bases. Patient B was admitted and started on broad spectrum antibiotics and bronchodilators. Blood and urine cultures were negative; influenza or respiratory viral testing were not performed. After admission, Patient B reported use of nicotine-containing e-cigarette, or vaping, products but did not report use of THC-containing products. On hospital days two and three, Patient B developed worsening wheezing with increased respiratory effort, a temperature of 38.9°C, and a CXR showed worsening diffuse interstitial infiltrates. On hospital day three, intravenous (IV) corticosteroids were initiated, and clinical improvement was observed. On hospital day five, Patient B was discharged in good spirits with prescriptions for levofloxacin and a corticosteroid taper, with a possible diagnosis of vaping-related pneumonia. 
Patient B’s family later reported that nausea, vomiting, and malaise continued post-discharge; Patient B was found unresponsive two days after discharge, underwent resuscitation, and was transported to the ED. Patient B regained circulation after resuscitation efforts but died a few hours later. Urine drug screen was positive for cannabinoids upon readmission. It is unclear if the prescriptions for levofloxacin and the corticosteroid taper were filled, or if Patient B resumed the use of e-cigarette, or vaping, products.
By family report, Patient B used THC-containing e-cigarette, or vaping, products (Dank Vapes, Maui Wowi), with last use two days before presentation to the outpatient clinic. Postmortem toxicological testing of blood detected THC. Remaining product cartridges used by Patient B tested positive for THC (residue) and vitamin E acetate. 
This vignette provides an example of recrudescence of symptoms in an EVALI patient; 8 (14%) EVALI-associated deaths were initially discharged but later experienced a recurrence and died, similar to Patient B. While discharge instructions included cessation and a corticosteroid taper, it is unknown how many EVALI-associated deaths received or adhered to similar advice. 
[bookmark: _Toc33642800]Vignette 3 - No corticosteroids on initial hospitalization in a patient who did not report use of THC-containing products
Patient C, aged <30 years, with a remote history of asthma, experienced onset of severe headache, and presented to an urgent care facility the next day with nausea, vomiting, and diarrhea. Patient C was initially treated for viral gastroenteritis and sent home. These symptoms continued, and Patient C additionally developed fever, dizziness, lightheadedness, chills, a mild cough leading to hospital admission on day six. On admission, vital signs included a heart rate of 81 beats/minutes, a respiratory rate of 24 breaths/minute, a temperature of 37.3°C, and oxygen saturation of 97% on room air. Patient C also described a weight loss of 20-30 lb (9.1-13.6 kg) in the previous 6-12 months. On admission, the patient stated use of nicotine-containing e-cigarette, or vaping, products but denied use of THC-containing vaping products. Due to worsening respiratory status, a CXR was obtained on hospital day four and showed prominent bibasilar interstitial markings. A CXR on day nine showed new extensive bilateral interstitial opacities, and a chest CT 48 hours later revealed diffuse bilateral ground-glass opacities. Initially, the patient was treated with azithromycin and no corticosteroids. Blood and urine cultures had no growth, and respiratory virus panel including respiratory syncytial virus (RSV) and influenza virus testing were negative. Patient C was transferred to the ICU for additional supplemental oxygen support and slowly improved over the next week.
Patient C was discharged home on hospital day fifteen after being counseled on abstaining from using e-cigarette, or vaping, products but reportedly did not fully return to baseline health; ongoing symptoms included shortness of breath following short walks. On day twenty-four from onset, Patient C was readmitted with fever, worsening respiratory status, and pre-syncopal episodes. Intubation was required for respiratory failure, and corticosteroids were initiated. On day thirty-one, a lung biopsy showed acute and organizing alveolar damage, with cytoplasmic lipid accumulation in scattered macrophages. On day forty, extracorporeal membrane oxygenation (ECMO) was begun for continuing oxygenation support. On day forty-one, Patient C developed severe hypotension and cardiac arrest and died.
Patient C initially reported regular use of the nicotine-containing product brand called JUUL (1 pod/day) and after the first hospitalization, reported recent use of the THC-containing product brand called Dank Vapes, on health department interview. Products submitted for testing after death included a THC-containing product that was found to contain castor oil. No corticosteroids were given during the initial hospitalization. 

Patients B and C provide examples of how lack of patient disclosure of all vaping products may hamper clinical management decisions, such as corticosteroid administration, discharge instructions, and counseling, and underscores the importance that clinicians ensure patients are aware the information they share is done so in a trusted and confidential manner. 
[bookmark: _Toc33642801]Table S1. Primary case definitions for patients with e-cigarette, or vaping, product use-associated lung injury (EVALI).
	Confirmed case
	Probable case

	Using an e-cigarette (“vaping”) or dabbinga in 90 days prior to symptom onset
AND
Pulmonary infiltrate, such as opacities, on plain film chest radiograph or ground-glass opacities on chest CT
AND
Absence of pulmonary infection on initial work-up. Minimum criteria are:
A negative respiratory viral panel
AND
A negative influenza PCR or rapid test, if local epidemiology supports influenza testing
AND
All other clinically-indicated respiratory infectious disease testing (e.g., urine Antigen for Streptococcus pneumoniae and Legionella, sputum culture if productive cough, BAL culture if done, blood culture, HIV-related opportunistic respiratory infections if appropriate) are negative
AND
No evidence in medical record of alternative plausible diagnoses (e.g., cardiac, rheumatologic, or neoplastic process).
	Using an e-cigarette (“vaping”) or dabbinga in 90 days prior to symptom onset
AND
Pulmonary infiltrate, such as opacities, on plain film chest radiograph or ground-glass opacities on chest CT
AND
Infection identified via culture or PCR, but clinical teamb believes this infection is not the sole cause of the underlying lung injury OR Minimum criteria to rule out pulmonary infection not met (testing not performed) and clinical teamb believes infection is not the sole cause of the underlying lung injury
AND
No evidence in medical record of alternative plausible diagnoses (e.g., cardiac, rheumatologic, or neoplastic process).

	Abbreviations: BAL = bronchoalveolar lavage; CBD = cannabidiol; CT = computed tomography; HIV = human immunodeficiency virus; PCR: polymerase chain reaction; THC = tetrahydrocannabinol.
a Using an electronic device (e.g., electronic nicotine delivery system (ENDS), electronic cigarette, e-cigarette, vaporizer, vape(s), vape pen, dab pen, or other device) or dabbing to inhale substances (e.g., nicotine, marijuana, THC, THC concentrates, CBD, synthetic cannabinoids, flavorings, or other substances).
b Clinical team caring for the patient.




[bookmark: _Toc33642802]Table S2. Out-of-hospital case definitions for patients with e-cigarette, or vaping, product use-associated lung injury (EVALI).
	Confirmed case
	Probable case

	Using an e-cigarette (“vaping”) or dabbinga in 90 days prior to symptom onset
AND
Pathologic evidence of acute lung injury (e.g., diffuse alveolar damage, acute fibrinous pneumonitis or bronchiolitis, or organizing pneumonia often with vacuolated or foamy macrophages and/or pneumocytes)
AND
Absence of pulmonary infectionc (e.g., influenza, S. pneumoniae, Legionella, and other infectious diseases, including HIV-related infections as appropriate, as evidenced by microscopy, immunohistology, microbiologyd, or molecular testing)
AND
No evidence of alternative plausible diagnoses for the lung injury in medical record or at autopsy.
	Using an e-cigarette (“vaping”) or dabbinga in 90 days prior to symptom onset
AND
Pathologic evidence of acute lung injury (i.e., diffuse alveolar damage, acute fibrinous pneumonitis or bronchiolitis, or organizing pneumonia often with vacuolated or foamy macrophages and/or pneumocytes)
AND
Positive result on testing for pulmonary infectionc (e.g., influenza, S. pneumoniae, Legionella, and other infectious diseases, including HIV-related infections as appropriate, as evidenced by microscopy, immunohistology, microbiologyd, or molecular testing), however medical examiner or other forensic pathologist believes infection is not the sole cause of the underlying lung injury
AND
No evidence of alternative plausible diagnoses for the lung injury in medical record or at autopsy.

	Abbreviations: BAL = bronchoalveolar lavage; CBD = cannabidiol; CT = computed tomography; HIV = human immunodeficiency virus; PCR: polymerase chain reaction; THC = tetrahydrocannabinol.
a Using an electronic device (e.g., electronic nicotine delivery system (ENDS), electronic cigarette, e-cigarette, vaporizer, vape(s), vape pen, dab pen, or other device) or dabbing to inhale substances (e.g., nicotine, marijuana, THC, THC concentrates, CBD, synthetic cannabinoids, flavorings, or other substances).
b Clinical team caring for the patient.
c Does not include positive results from postmortem microbiologic testing thought to represent normal viral or bacterial colonization of nasopharynx, or postmortem bacterial overgrowth of lung tissues or blood.
d Recommended microbiology: Nasopharyngeal and/or lung swab testing for influenza, lung swab testing for respiratory viruses, postmortem cultures of lung tissue and blood. Interpretation of postmortem cultures may be complicated because of bacterial overgrowth resulting from tissue breakdown.  Medical examiners and other forensic pathologists should contact their local or state health department for assistance if such testing is not readily available at their agency.  Fixed autopsy tissue specimens can also be sent to the Infectious Diseases Pathology Branch at CDC for histopathologic evaluation, and infectious disease testing, including immunohistochemistry and molecular testing, as indicated.




[bookmark: _Toc33642803]Table S3. Clinical characteristics, including initial vital signs and laboratory results, of e-cigarette, or vaping, product use-associated lung injury (EVALI) fatal and nonfatal cases.
	Clinical Course
	EVALI fatal cases a
	EVALI nonfatal cases

	
	n/N (%)
	n/N (%)

	Presented to outpatient (e.g., urgent care center or ED) and were discharged prior to admission or death
	25/54 (46%)
	479/2320 (21%)

	Admitted to the hospital
	59/60 (98%)
	2558/2558 (100%)

	Readmitted to the hospital b
	8/59 (14%)
	46/2520 (2%)

	Number of days from symptom onset to hospitalization
	N: 58
Median: 3.5
Range: 0 – 113
	N: 1831
Median: 5.0
Range: 0 – 469

	Number of days from last use of nicotine-containing e-cigarette, or vaping, product before hospitalization
	N: 7
Median: 0
Range: 0 – 15
	N: 475
Median: 4.0
Range: 0 – 128

	Number of days from last use of THC-containing e-cigarette, or vaping, product before hospitalization
	N: 5
Median: 5.0
Range: 0 – 88
	N: 602
Median: 5.0
Range: 0 – 267

	Any respiratory symptoms reported c
	55/56 (98%)
	1707/1779 (96%)

	Any gastrointestinal symptoms reported d
	26/49 (53%)
	1343/1681 (80%)

	Any constitutional symptoms reported e
	34/48 (71%)
	1570/1739 (90%)

	Admitted to intensive care unit f
	52/57 (91%)
	638/1504 (42%)

	Ventilatory support with CPAP or BiPAP
	32/56 (57%)
	179/1068 (17%)

	Endotracheal intubation g
	47/58 (81%)
	131/755 (17%)

	Received ECMO
	10/52 (19%)
	

	ARDS diagnosis h
	33/52 (63%)
	

	Antibiotics administered
	57/57 (100%)
	1154/1183 (98%)

	Corticosteroids administered
	45/58 (78%)
	1252/1419 (88%)

	Clinical response to corticosteroids
	
	

	
	Improvement
	6/42 (14%)
	

	
	No change
	11/42 (26%)
	

	
	Worsening clinical status
	18/42 (43%)
	

	
	Unknown/not documented
	7/42 (17%)
	

	Days from symptom onset to corticosteroid start date
	N: 40
Median: 5.0
Range: 0 – 113
	

	Days from corticosteroid administration to death 
	N: 40
Median: 12.5
Range: 1 – 83
	

	Days from symptom onset to death
	N: 59
Median: 21.0
Range: 3 – 139
	

	Location of death i
	
	

	
	Hospital (including ICU and ED)
	56/60 (93%)
	

	
	Other
	4/60 (7%)
	

	Duration of hospital stay prior to death j
	N: 59
Median: 16.0
Range: 0 – 84
	

	Initial Vital Signs
	
	

	
	Oxygen saturation <95% on room air
	40/55 (73%)
	

	
	Tachycardia (heart rate >100 beats/min)
	25/54 (46%)
	

	
	Tachypnea (respiratory rate >20 breaths/min)
	26/52 (50%)
	

	
	Evidence of hypotension (SBP <90 or DBP <60)
	12/54 (22%)
	

	
	Temperature ≥100.4°F/38°C
	11/53 (21%)
	

	Initial Laboratory Results
	

	
	White-cell count >11,000mm3 
	37/52 (71%)
	

	
	White-cell count with >80% neutrophils
	29/45 (64%)
	

	
	White-cell count with >10% lymphocytes
	15/44 (34%)
	

	
	Aspartate aminotransferase, alanine aminotransferase, or both
	
	

	
	>35 U/liter
	36/49 (73%)
	

	
	>105 U/liter
	16/49 (33%)
	

	Autopsy performed
	22/51 (43%)
	

	Abbreviations: ARDS = acute respiratory distress syndrome; BiPAP = bilevel positive airway pressure; CPAP = continuous positive airway pressure; DBP = diastolic blood pressure; ECMO = extracorporeal membrane oxygenation; ED = emergency department; ICU = intensive care unit; SBP = systolic blood pressure.
a The following variables did not include the out-of-hospital death in the denominator (number of fatal cases with available data) because the patient was not admitted: readmitted to hospital, number of days from symptom onset to hospitalization, number of days from last use of nicotine- or THC-containing e-cigarette, or vaping, products before hospitalization, admitted to ICU, ventilatory support with CPAP or BiPAP, endotracheal intubation, received ECMO, ARDS diagnosis, antibiotics administered, corticosteroids administered, clinical response to corticosteroids, days from symptom onset to corticosteroid start date, days from corticosteroid administration to death, duration of hospital stay prior to death, all initial vital signs, and all initial laboratory results.
b 2 of the 8 fatal cases were technically readmitted but were found unresponsive at home after going into cardiac arrest. One fatal case, not considered readmitted, was admitted for bilateral pneumonia to a hospital 5-6 weeks before the EVALI-related hospitalization.
c Symptoms include: chest pain (and pleuritic chest pain), congestion, cough (and productive cough), difficulty breathing, hemoptysis, shortness of breath, sneezing, sore throat, runny nose, and wheezing.
d Symptoms include: abdominal pain, diarrhea, nausea, and vomiting.
e Symptoms include: chills, fevers, myalgia, sweats, and unexpected weight loss.
f 3 fatal cases were not admitted to the ICU on first admission but later admitted to the ICU on readmission.
g 4 fatal cases were not intubated on initial admission but were intubated on readmission. 2 fatal cases refused intubation.
h 2 fatal cases were not given ARDS diagnosis on first admission but were given ARDS diagnosis on readmission.
i 2 fatal cases were found unresponsive at home but did not die until they were in the ICU. One fatal case was classified as an out-of-hospital death.
j Note that the values include dates for patients who may have been discharged and readmitted.





[bookmark: _Toc33642804]Radiologic findings
Table S4 details the key imaging words and phrases for 58 fatal cases with either CXR or CT results; 98% had bilateral abnormalities. For those with CXR, the most common findings were “opacity”, “airspace”, or “densities” (33/56) and “infiltrate” (29/56). For those with CT, the most common findings were “opacity”, “airspace”, or “densities” (30/47) and “ground-glass” (27/47). Thirty-seven imaging results listed differential diagnoses in the impression such as edema or pneumonia.
Table S4. Key words and phrases in radiologic findings of e-cigarette, or vaping, product use-associated lung injury (EVALI) fatal cases.
	[bookmark: _Hlk25747998]Key word or phrase
	Noted positive in CXR (n = 56)
	Noted positive in CT (n = 47)
	Noted positive in both CXR and CT (n = 45)

	Opacity or opacities a, airspace, or densities
	33/56 (59%)
	30/47 (64%)
	18/45 (40%)

	Infiltrate
	29/56 (52%)
	14/47 (30%)
	7/45 (16%)

	Edema
	18/56 (32%)
	9/47 (19%)
	3/45 (7%)

	Pneumonia
	16/56 (29%)
	16/47 (34%)
	2/45 (4%)

	Interstitial
	15/56 (27%)
	11/47 (23%)
	5/45 (11%)

	Consolidation
	11/56 (20%)
	11/47 (23%)
	2/45 (4%)

	Effusion
	7/56 (13%)
	6/47 (13%)
	2/45 (4%)

	Ground-glass a
	6/56 (11%)
	27/47 (57%)
	4/45 (9%)

	Possible toxicity or injury
	3/56 (5%)
	4/47 (9%)
	2/45 (4%)

	Pneumonitis
	2/56 (4%)
	7/47 (15%)
	0/45 (0%)

	Congestion
	1/56 (2%)
	0/47 (0%)
	0/45 (0%)

	Pneumothorax
	1/56 (2%)
	1/47 (2%)
	0/45 (0%)

	Reticular
	1/56 (2%)
	0/47 (0%)
	0/45 (0%)

	Adenopathy (hilar or mediastinal)
	0/56 (0%)
	9/47 (19%)
	0/45 (0%)

	Alveolar damage/proteinosis
	0/56 (0%)
	5/47 (11%)
	0/45 (0%)

	Bleb
	0/56 (0%)
	1/47 (2%)
	0/45 (0%)

	Pneumomediastinum
	0/56 (0%)
	1/47 (2%)
	0/45 (0%)

	Abbreviations: CT = computed tomography; CXR = chest radiograph (x-ray).
a “Ground-glass” and “opacity” were often described together in CT but not in CXR. These two terms were counted separately.




