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Appendix A: Investigators and Collaborators

Investigators and collaborators in the Investigating Respiratory Viruses in the Acutely Ill (IVY) Network

Baylor, Scott and White, Temple, Texas
Manjusha Gaglani, Tresa McNeal, Shekhar Ghamande, Nicole Calhoun, Kempapura Murthy, Judy Herrick, Amanda McKillop, Eric Hoffman, Martha Zayed, Michael Smith

Baystate Medical Center, Springfield, Massachusetts
Jay Steingrub, Lori-Ann Kozikowski, Lesley De Souza, Scott Ouellette

Beth Israel Medical Center, Boston Massachusetts
Nathan I. Shapiro, Michael Bolstad, Brianna Coviello, Robert Ciottone, Arnaldo Devilla, Ana Grafals, Conor Higgins, Carlo Ottanelli, Kimberly Redman, Douglas Scaffidi, Alexander Weingart

Centers for Disease Control and Prevention (CDC), Atlanta, Georgia
Diya Surie, Meredith McMorrow

Cleveland Clinic, Cleveland, Ohio
Omar Mehkri, Megan Mitchell, Zachary Griffith, Connery Brennan, Kiran Ashok, Bryan Poynter, Abhijit Duggal

Emory University, Atlanta, Georgia
Laurence Busse, Caitlin ten Lohuis, Amy Anderson, Tigist Amenu, Santiago Tovar, Amelia Heckman, Mary Hayes

Hennepin County Medical Center, Minneapolis, Minnesota 
Matthew Prekker, Heidi Erickson, Anne Frosch, Audrey Hendrickson, Sean Caspers, Walker Tordsen, Olivia Kaus, Tyler Scharber, Samuel Boes, Kowsar Hurreh, Julianna Prohofsky, Mary O’Rourke


Intermountain Medical Center, Murray, Utah
Ithan Peltan, Samuel Brown, Jenna Lumpkin, Cassie Smith, Hunter Marshall

Johns Hopkins University, Baltimore, Maryland
David N. Hager, Arber Shehu, Harith Ali, Richard E. Rothman

Montefiore Medical Center, Bronx, New York
Michelle Gong, Amira Mohamed, Rahul Nair, Jen-Ting (Tina) Chen

Ohio State Medical Center, Columbus, Ohio
Matthew Exline, Sarah Karow, Emily Robart, Paulo Nunes Maldonado, Maryiam Khan, Preston So, Madison So, Elizabeth Schwartz, Mena Botros

Oregon Health and Sciences University, Portland, Oregon
Akram Khan, Catherine L. Hough, Jesus Martinez, Cassandra Ahmed, Edvinas Pocius, Jessica Hyde, Jose Pena, Genesis Briceno, Minn Oh, Raju Reddy, Sherie Gause

Stanford University, Stanford, California
Jennifer G. Wilson, Alexandra June Gordon, Joe Levitt, Cynthia Perez, Anita Visweswaran, Jonasel Roque

University of California-Los Angeles, Los Angeles, California 
Nida Qadir, Steven Chang, Trevor Frankel, Omai Garner, Sukantha Chandrasekaran

University of Colorado, Aurora, Colorado
Adit Ginde, David Douin, Kelly Jensen, David Huynh, Aimee Steinwand, Cori Withers

University of Iowa, Iowa City, Iowa
Nicholas Mohr, Anne Zepeski, Paul Nassar, Shannon Landers, Karin Nielsen, Noble Briggs, Cathy Fairfield

University of Miami, Miami, Florida
Chris Mallow, Hayley Gershengorn, Carolina Rivas

University of Michigan, Ann Arbor, Michigan
Emily Martin, Arnold Monto, Adam Lauring, EJ McSpadden, Rachel Truscon, Anne Kaniclides, Lara Thomas, Ramsay Bielak, Weronika Damek Valvano, Rebecca Fong, William J. Fitzsimmons, Christopher Blair, Julie Gilbert, Leigh Baker

University of Washington, Seattle, Washington
Nicholas Johnson, Vasisht Srinivasan, Christine D. Crider, Kyle A. Steinbock, Thomas C. Paulsen, Layla A. Anderson

Vanderbilt University Medical Center, Nashville, Tennessee
Wesley H. Self, H. Keipp Talbot, Chris Lindsell, Carlos Grijalva, Ian Jones, Natasha Halasa, James Chappell, Kelsey Womack, Jillian Rhoads, Adrienne Baughman, Christy Kampe, Jakea Johnson, Kim Hart, Todd Rice, Jonathan Casey, William B. Stubblefield, Yuwei Zhu, Laura L. Short, Lauren J. Ezzell, Margaret E. Whitsett, Rendie E. McHenry, Samarian J. Hargrave, Marcia Blair, Jennifer L. Luther, Claudia Guevara Pulido, Bryan P. M. Peterson

Wake Forest University, Winston-Salem, North Carolina
D. Clark Files, Kevin Gibbs, Mary LaRose, Leigha Landreth, Madeline Hicks, Lisa Parks

Washington University, St. Louis, Missouri 
Hilary Babcock, Jennie Kwon, Jahnavi Bongu, David McDonald, Candice Cass, Sondra Seiler, David Park, Tiffany Hink, Meghan Wallace, Carey-Ann Burnham, Olivia G. Arter
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Table S1. Detailed eligibility criteria.
Patients included in this analysis were adults hospitalized with an acute respiratory illness between October 10, 2019, and January 25, 2022 at one of the hospitals in the IVY Network. 

	Data Source
	Number of enrolled
	Study Period

	IVY1
	719
	2019-10-10 - 2020-02-28

	IVY2
	1058
	2020-01-28 - 2021-04-02

	IVY3
	14495
	2021-03-15 - 2022-01-25




IVY 1 Inclusion and Exclusion Criteria

Inclusion criteria:  
1. Consent for study participation, including collection of upper respiratory specimens.
2. Age ≥18 years old.
3. Hospital admission (admission in an ICU for the ICU cohort, admission outside the ICU for the non-ICU cohort). Patients boarding in an emergency department (ED) awaiting a hospital bed fulfill the hospital admission criterion; in this scenario, ICU vs non-ICU status is dependent on the type of bed ordered. Both observation status and in-patient status hospital stays fulfill the hospital admission criterion.  
4. Clinically-obtained influenza test completed within 72 hours of hospital presentation (positive influenza test for “enrollment case”; negative influenza test for “enrollment control”.) Both influenza antigen tests and polymerase chain reaction tests fulfill the eligibility criterion for a clinically obtained influenza test. Influenza tests completed at outside hospitals may be used for the clinically-obtained influenza test criterion as long as source documentation of the test is available. 
5. ≥1 sign of acute infection (feverishness, chills, measured temperature ≥38.0°C or ≤35°C, WBC ≥11 or ≤4 thousand cells/μl, CRP ≥ 25 mg/L, procalcitonin ≥0.25 ng/ml, altered mental status). 
6. ≥1 sign of acute respiratory illness (cough, upper respiratory congestion, sore throat, shortness of breath, chest pain, new invasive or non-invasive mechanical ventilation, supplemental oxygen ≥2 liters/minute over baseline, pulmonary infiltrate on chest imaging).  

Exclusion criteria: 
1. Onset of the acute infection criterion >7 days prior to collection of the respiratory specimen for the first RT-PCR influenza test (either a clinical RT-PCR test or the research upper respiratory specimen).  
2. Hospital presentation >72 hours prior to collection of the respiratory specimen for the first RT-PCR influenza test (either a clinical RT-PCR test or the research upper respiratory specimen).
3. Previous enrollment in this study during the current study year (July 1 through June 30). 
4. Prisoner
5. Consent cannot be obtained within 30 days of hospital presentation.



IVY 2 Inclusion and Exclusion Criteria

Cohort 1: Critically ill influenza or SARS CoV-2 case

ICU admission or receipt of respiratory or vasopressor support for acute influenza or SARS-CoV-2 infection.

Inclusion for Cohort 1:
1. Age ≥18 years old.
2. Hospital admission or in an emergency department awaiting admission and at least part of the index hospitalization to date has been in an ICU or the patient has received respiratory or vasopressor support during the index hospitalization. Patients transferred from another hospital may be enrolled. The time of initial hospital presentation is the presentation at the first hospital leading to admission. 
3. Clinically obtained test from a respiratory sample that is positive for influenza or SARS-CoV-2; the time window for the positive test is within 10 days prior to hospital presentation or during the index hospitalization. The qualifying test may be completed at an outside facility as long as source documentation of the positive test is obtained. The timing of the test to ICU admission is not relevant for eligibility purposes.  
4. ≥1 sign or symptom of an acute viral respiratory infection, including any of the following: fever, feverishness, cough, sore throat, myalgias, shortness of breath, chest pain, loss of taste, loss of smell, respiratory congestion, increase sputum production, new SpO2 on room air <94%, new invasive or non-invasive ventilation, new pulmonary findings on chest imaging consistent with pneumonia.  

Exclusion for Cohort 1:
1. Previous enrollment in this study during the current study year (July 1, 2020 – June 30, 2021).

Cohort 2: Non-critically ill influenza or SARS-CoV-2 case

Hospital admission for acute influenza or SARS-CoV-2 infection which did not include ICU admission or receipt of respiratory or vasopressor support. 

Inclusion for Cohort 2:
1. Age ≥18 years old.
2. Hospital admission or in an emergency department awaiting admission and no part of the index hospitalization has been in an ICU and patient did not receive respiratory of vasopressor support. Patients transferred from another hospital may be enrolled. The time of initial hospital presentation is the presentation at the first hospital leading to admission. 
3. Clinically obtained test from a respiratory sample that is positive for influenza or SARS-CoV-2; the time window for the positive test is within 10 days prior to hospital presentation or during the index hospitalization. The qualifying test may be completed at an outside facility as long as source documentation of the positive test is obtained.  
4. ≥1 sign or symptom of an acute viral respiratory infection, including any of the following: fever, feverishness, cough, sore throat, myalgias, shortness of breath, chest pain, loss of taste, loss of smell, respiratory congestion, increase sputum production, new SpO2 on room air <94%, new invasive or non-invasive ventilation, new pulmonary findings on chest imaging consistent with pneumonia.  

Exclusion for Cohort 2:
1. Previous enrollment in this study during the current study year (July 1, 2020 – June 30, 2021).

Cohort 3: Syndrome-negative, test-negative control

Hospital admission with no clinical suspicion of COVID-19. 

Inclusion for Cohort 3:
1. Age ≥18 years old.
2. Hospital admission or in an emergency department awaiting admission. Patients in cohort 3 can have either an ICU or non-ICU admission. Patients transferred from another hospital may be enrolled. The time of initial hospital presentation is the presentation at the first hospital leading to admission. 
3. [bookmark: _Hlk63272953]None of the following signs or symptoms consistent with an acute respiratory infection in the past 10 days: fever, cough, shortness of breath, loss of taste, loss of smell, new hypoxemia (SpO2 on room air <94%), new pulmonary findings on chest imaging consistent with pneumonia.  

Exclusion for Cohort 3:
1. Any positive test for acute SARS-CoV-2 infection in the previous 60 days.
2. Previous enrollment in this study during the current study year (July 1, 2020 – June 30, 2021).

Cohort 4: Syndrome-positive, test-negative control   

Hospital admission with a clinical presentation consistent with an acute respiratory infection and RT-PCR testing negative for SARS-CoV-2.

Inclusion for Cohort 4:
1. Age ≥18 years old.
2. Hospital admission or in an emergency department awaiting admission. Patients in cohort 4 can have either an ICU or non-ICU admission. 
3. Clinically obtained test during the index hospitalization that is negative for SARS-CoV-2. 
4. [bookmark: _Hlk63272933]≥1 sign or symptom of an acute viral respiratory infection, including any of the following: fever, feverishness, cough, sore throat, myalgias, shortness of breath, chest pain, loss of taste, loss of smell, respiratory congestion, increase sputum production, new SpO2 on room air <94%, new invasive or non-invasive ventilation, new pulmonary findings on chest imaging consistent with pneumonia.  

Exclusion for Cohort 4:
1. Duration of symptoms of acute viral respiratory infection >10 days before the negative SARS-CoV-2 test. 
2. Any positive test for acute SARS-CoV-2 infection in the previous 60 days. 
3. Previous enrollment in this study during the current study year (July 1, 2020 – June 30, 2021).

IVY 3 Inclusion and Exclusion Criteria 

Cohort 1: SARS CoV-2 Cases

Adult admitted to the hospital for acute COVID-19 who has tested positive for SARS-CoV-2.

Inclusion for Cases:
1. Age ≥18 years old.
2. Hospital admission or in an emergency department awaiting hospital admission.
3. Symptoms and/or signs believed to be due to COVID-19, including at least 1 of the following: fever; cough; shortness of breath; loss of taste; loss of smell; use of respiratory support (high flow oxygen by nasal cannula, non-invasive ventilation or invasive ventilation) for the acute illness; new pulmonary findings on chest imaging consistent with pneumonia.  
4. Clinically obtained test that is positive for acute SARS-CoV-2 infection. The positive test may be obtained before or after hospital arrival. Examples of acute SARS-CoV-2 tests include RT-PCR tests, nucleic acid amplification tests (NAAT), and antigen tests. Serology testing may not be used for eligibility.  

Exclusion for Cases:
1. Previous enrollment as a case in this study.
2. The first positive test for acute SARS-CoV-2 infection is known to have occurred more than 10 days after onset of COVID-19 symptoms/signs listed in inclusion criterion #3. Patients with unknown onset date for COVID-19 symptoms/signs may be enrolled. 
3. Hospital presentation for the COVID-19 admission is known to have occurred more than 14 days after onset of COVID-19 symptoms/signs listed in inclusion criterion #3. Patients with unknown onset date for COVID-19 symptoms/signs may be enrolled. Patients transferred from other hospitals may be enrolled; the time of hospital presentation is the time of presentation to the first hospital. 

Cohort 2: SARS-CoV-2 Test Negative Controls 

Summary for Cohort 2: Adult admitted to the hospital for an acute illness with symptom overlap with COVID-19 who has tested negative for SARS-CoV-2. 

Inclusion for Cohort 2 (test negative controls):
1. Age ≥18 years old.
2. Hospital admission or in an emergency department awaiting hospital admission.
3. Symptoms and/or signs that overlap with COVID-19, including at least 1 of the following: fever; cough; shortness of breath; loss of taste; loss of smell; use of respiratory support (high flow oxygen by nasal cannula, non-invasive ventilation or invasive ventilation) for the acute illness; new pulmonary findings on chest imaging consistent with pneumonia.  
4. Clinically obtained test that is negative for acute SARS-CoV-2.  The negative test may be obtained before or after hospital arrival. Examples of acute SARS-CoV-2 tests include RT-PCR tests, NAAT, and antigen tests. Serology testing may not be used for eligibility.   

Exclusion for Cohort 2 (test negative controls):
1. Previous enrollment as a control in this study.
2. The first negative test for acute SARS-CoV-2 infection is known to have occurred more than 10 days after onset of symptoms/signs listed in inclusion criterion #3. Patients with unknown onset date for COVID-19 symptoms/signs may be enrolled. 
3. Hospital presentation for the admission is known to have occurred more than 14 days after onset of symptoms/signs listed in inclusion criterion #3. Patients with unknown onset date for symptoms/signs may be enrolled. Patients transferred from other hospitals may be enrolled; the time of hospital presentation is the time of presentation to the first hospital. 
4. Any positive test for acute SARS-CoV-2 infection in the 14 days prior to hospital presentation or between hospital presentation and enrollment (patients with a positive acute SARS-CoV-2 test should be screened for potential enrollment as a case). 

Cohort 3: SARS-CoV-2 Syndrome Negative Controls 

Summary for Cohort 3: Adult admitted to the hospital for a reason other than an acute respiratory illness and who does not have a clinical suspicion for COVID-19. 

Inclusion for Cohort 3 (syndrome negative controls):
1. Age ≥18 years old.
2. Hospital admission or in an emergency department awaiting admission. 
3. Clinical impression that COVID-19 is not the reason for admission.
4. None of the following signs or symptoms that overlap with COVID-19 in the past 14 days: fever; cough; shortness of breath; loss of taste; loss of smell; use of respiratory support (high flow oxygen by nasal cannula, non-invasive ventilation or invasive ventilation) for the acute illness; new pulmonary findings on chest imaging consistent with pneumonia.   

Exclusion for Cohort 3 (syndrome negative controls):
1. Previous enrollment as a control in this study.
2. Any positive test for acute SARS-CoV-2 infection in the 14 days prior to hospital presentation or between hospital presentation and enrollment (patients with a positive acute SARS-CoV-2 test should be screened for potential enrollment as a case).

[bookmark: _Toc130051011]

Table S2. Questions regarding why a patient received a vaccine. 

Patients who reported receiving a COVID-19 or influenza vaccine were asked the following questions. 


Primary reasons for receiving the influenza vaccine (select the single best answer)

1. I believe the influenza vaccine is important for my health
2. My doctor suggested I get the influenza vaccine
3. I saw an advertisement for influenza vaccine
4. I believe getting the influenza vaccine is important to keep others healthy
5. Other


Primary reasons for receiving the Covid-19 vaccine (select the single best answer)
1. I believe the SARS-CoV-2 vaccine is important for my health
2. My doctor suggested I get a SARS-CoV-2 vaccine
3. I believe getting a SARS-CoV-2 vaccine is important to keep others healthy
4. I saw an advertisement for getting SARS-CoV-2 vaccines
5. Other
[bookmark: _Toc130051012]

Table S3. Questions regarding why a patient did not receive a vaccine. 

Patients who reported not receiving a COVID-19 or influenza vaccine were asked the following questions. 

Primary reasons for not receiving the influenza vaccine (select the single best answer)

1. I don't believe influenza vaccine is important for my health
2. I got influenza vaccine in the past and still got the flu
3. I think influenza vaccine is dangerous for me
4. I didn't know I should get the influenza vaccine
5. The influenza vaccine costs too much money
6. I was unable to get to a location that gives influenza vaccine
7. I meant to get the influenza vaccine but never got around to it
8. Other

Primary reasons for not receiving the Covid-19 vaccine but wanting one (select the single best answer)

1. I want to get a SARS-CoV-2 vaccine but it is not available to me yet
2. I want to get a SARS-CoV-2 vaccine and I think I can get one, but I have not gotten around to it
3. I want to get a SARS-CoV-2 vaccine, but I could not get to transportation to a place where vaccines are given
4. I want to get a SARS-CoV-2 vaccine, but it costs too much money for me
5. Other (describe)

Primary reasons for not receiving the Covid-19 vaccine and not wanting one (select the single best answer)

1. I do not want to get a SARS-CoV-2 vaccine because I don't think it is important for my health
2. I do not want to get a SARS-CoV-2 vaccine because I do not believe they work
3. I do not want to get a SARS-CoV-2 vaccine because I think they are dangerous
4. I do not want to get a SARS-CoV-2 vaccine because I have had COVID-19 and therefore don't believe a vaccine is important for me
5. I did not know a SARS-CoV-2 vaccine was recommended for me
6. Other (describe)


[bookmark: _Toc130051013]Table S4. Variables evaluated for an association with being unvaccinated. 

Multivariate logistic regression models were constructed to evaluate the association between patient characteristics and unvaccinated status for (a) COVID-19 and (b) influenza.  Separate models were constructed for COVID-19 and influenza.  Patient characteristics evaluated are summarized in this table. 

	Variable
	Categories/ Continuous
	Referent

	Age
	Continuous
	 Every 10-year increase

	Sex
	Female & Male
	Female

	Race/Ethnicity
	Non-Hispanic White, Non-Hispanic Black, Hispanic, and Other
	Non-Hispanic White

	Body mass index
	Continuous
	Every 5-unit increase

	Chronic medical conditions: cardiovascular disease
	Yes & No
	No

	Chronic medical conditions: neurologic disease
	Yes & No
	No

	Chronic medical conditions: pulmonary disease
	Yes & No
	No

	Chronic medical conditions: gastrointestinal disease
	Yes & No
	No

	Chronic medical conditions: endocrine disease
	Yes & No
	No

	Chronic medical conditions: renal disease
	Yes & No
	No

	Chronic medical conditions: cancer
	Yes & No
	No

	Chronic medical conditions: immunosuppression
	Yes & No
	No

	Chronic medical conditions: psychiatric disease
	Yes & No
	No

	Medical insurance
	Yes & No
	No

	Social vulnerability index (SVI)
	Continuous
	Every 10-percentile increase

	Census track region
	Northeast, South, Midwest, and West
	Northeast

	Tobacco smoking and; influenza
	current smoker & Not current smoker
	current smoker

	Vaccination in the past
	Every or most years, Some years, and Rarely or never
	Some years

	Education level
	College or higher and High School or lower
	High School or lower

	Masking practice in public;
	Yes & No
	No




Supplementary Figure S1 Consort Diagram
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Table S5 Model Results for figure 1a (COVID-19 Vaccine Hesitancy)

	 
	Adjusted OR 
	P value

	Age in years: every 10-year increase
	0.76
	<0.001

	BMI: every 5-unit increase
	1.05
	0.002

	SVI: every 0.1 increase
	1.03
	0.016

	Sex: Male vs. Female
	0.81
	<0.001

	Race
	 
	0.275

	   Non-Hispanic Black vs. Non-Hispanic White
	0.97
	 

	   Hispanic vs. Non-Hispanic White
	0.86
	 

	   Other vs. Non-Hispanic White
	0.90
	 

	Insurance: Yes vs. No
	0.71
	0.006

	Smoking status: Not current smoker vs. Current smoker
	1.11
	0.177

	Influenza Vaccination
	
	<0.001

	   Every or most years vs. Some years
	0.39
	 

	   Rarely or never vs. Some years
	1.95
	 

	Underlying conditions
	 
	<0.001

	   1 vs. 0
	0.61
	 

	   2 vs. 0
	0.45
	 

	   3 vs. 0
	0.37
	 

	Census region
	 
	<0.001

	   South vs. Northeast
	1.54
	 

	   Midwest vs. Northeast
	1.25
	 

	   West vs. Northeast
	1.16
	 

	College: College or higher vs. High school
	0.61
	<0.001

	Mask : Yes vs. No
	0.86
	0.009




Table S6 Model Results for figure 1b (Influenza vaccine hesitancy)

	 
	Adjusted OR 
	P value

	Age in years: every 10-year increase
	0.90
	0.136

	BMI: every 5-unit increase
	0.93
	0.190

	SVI: every 0.1 increase
	1.10
	0.030

	Sex: Male vs. Female
	0.85
	0.455

	Race
	 
	0.081

	   Non-Hispanic Black vs. Non-Hispanic White
	1.40
	 

	   Hispanic vs. Non-Hispanic White
	0.54
	 

	   Other vs. Non-Hispanic White
	2.26
	 

	Insurance: Yes vs. No
	0.39
	0.069

	Smoking status: Not current smoker vs. Current smoker
	0.59
	0.036

	Influenza Vaccination
	
	<0.001

	   Every or most years vs. Some years
	0.08
	 

	   Rarely or never vs. Some years
	3.58
	 

	Underlying conditions
	 
	0.004

	   1 vs. 0
	0.75
	 

	   2 vs. 0
	0.42
	 

	   3 vs. 0
	0.30
	 

	Census regions
	 
	0.613

	   South vs. Northeast
	1.26
	 

	   Midwest vs. Northeast
	1.64
	 

	   West vs. Northeast
	1.42
	 






2

image1.jpeg
IVY

INVESTIGATING RESPIRATORY VIRUSES IN THE ACUTEL Y ILL





image2.jpeg
IVY

INVESTIGATING RESPIRATORY VIRUSES IN THE ACUTELY ILL





image3.png
Supplementary Figure 1

Number of Enrolled Patients
n=16272

Excluded, n =2997 for missing self
reported vaccination status

52 influenza vaccination
unavailable

2945 COVID-19 vaccination
unavailable

Included in data analysis, h = 13275

983 in the influenza vaccine
assessment period

12292 in the COVID-19 vaccine
assessment period





image4.svg
       Number of Enrolled Patients n = 16272  Included in data analysis, n = 13275 983 in the influenza vaccine assessment period 12292 in the COVID - 19 vaccine assessment period  Excluded, n = 2997 for missing self - reported vaccination status 52 influenza vaccination unavailable 2945 COVID - 19 vaccination unavailable Supplementary Figure 1


