
Supplementary Appendix

This appendix has been provided by the authors to give readers additional information about their work.

Supplement to: Pilishvili T, Gierke R, Fleming‑Dutra KE, et al. Effectiveness of mRNA Covid-19 vaccine among 
U.S. health care personnel. N Engl J Med. DOI: 10.1056/NEJMoa2106599



1 
 

Supplementary materials 

 

Contents: 

A. Investigators and affiliations………………………………………………………….2 

B. Acknowledgements…………………………………………………………………….5 

C. Protocol methods……………………………………………………………………….7 

D. Vaccination status definitions…………………………………………………………15 

E. Statistical methods……………………………………………………………………..17 

F. Supplemental tables…………………………………………………………………....21 

 

 

  



2 
 

A. Investigators and affiliations for the Vaccine Effectiveness among Healthcare Personnel Study Team: 

Wei Xing1; Yunmi Chung, MPH1; Anna Yousaf, MD1; Jennifer Onukwube, MPH1; Bradley Clinansmith, BS2; Alysia Horcher, 

MPAS, PA-C2; Kelli Wallace, MA2; Karin Hoth, PhD2; Lisandra Uribe BS3; Kavitha Pathmarajah, MPH3; Kye E. Poronsky, MS4; 

Dean M. Hashimoto, MD5; Monica Bahamon, MPH6; Michelle St. Romain, MD 7; Efrat Kean, MD8; Amy Stubbs, MD9; Sara Roy, 

MSCR10; Gregory Volturo, MD11; Amanda Higgins, MS11, James Galbraith, MD12; James C. Crosby, MD13; Christine D. Crider, 

BS15; Mary Mulrow, MA, MN16; Joelle Nadle, MPH17; Helen Johnston, MPH18; Christopher A Czaja, MD, DrPH18; Catherine 

Emanuel, MPH18; Melissa Kellogg, MPH18; AmberJean Hansen, MPH19; James Meek, MPH19; Sara Niesobecki, MPH, MS19; Anisa 

Linton, BS19; Amber Britton, MPH 20; Lucy E. Wilson, MD, ScM22; Sara Lovett, MPH23; Ruth Lynfield, MD23; Melissa Christian, 

MPH24; Yadira Salazar-Sanchez, MPH24; Lezah Brown, PhD, MPH24; Kristina G. Flores, PhD24; Caroline Habrun, DVM, MPHTM24; 

Savannah Pierson, MPH24; Helga Gonzales, MS24; Christopher Myers, MS25; Valerie L. S. Ocampo, MIPH, BSN, RN, CIC26; 

Gabriela Escutia, MPH26; Judith A. Guzman-Cottrill, DO26; H. Keipp Talbot, MD, MPH27; Jessica Seidelman, MD MPH28; Aaron M. 

Milstone, MD, MHS29; Shaun Truelove, PhD, MPH29; Mary K. Hayden, MD 30; Matthew Samore, MD31; Hilary M. Babcock, MD, 

MPH32; Daniel Shirley, MD33; Aurora Pop-Vicas, MD, MPH33; Joseph A. McBride, MD, DTMH33; Denise Dillard, PhD36; Jennifer 

Dobson, MPH37 

 

 



3 
 

Affiliations: 

1CDC COVID-19 Response Team; 2University of Iowa, Iowa, City Iowa; 3Olive View-and Ronald Reagan University of California 

Los Angeles Medical Center, Los Angeles, California; 4Baystate Medical Center, Springfield, Massachusetts; 5Brigham and Women’s 

Hospital, Boston, Massachusetts; 6Jackson Memorial Hospital, Miami, Florida; 7Louisiana State University, New Orleans, Louisiana; 

8Thomas Jefferson University Hospital, Philadelphia, Pennsylvania; 9Truman Medical Center, Kansas City, Missouri; 10University of 

Chicago, Chicago, Illinois; 11University of Massachusetts, Worcester, Massachusetts; 12University of Mississippi, Jackson, 

Mississippi; 13University of Alabama at Birmingham, Birmingham, Alabama; 14University of California San Francisco, Fresno, 

California; 15University of Washington, Seattle, Washington; 16Valleywise Health Medical Center, Phoenix, Arizona; 17California 

Emerging Infections Program, Oakland, California; 18Colorado Department of Public Health and Environment, Denver, Colorado; 

19Connecticut Emerging Infections Program and Yale School of Public Health, New Haven, Connecticut; 20Georgia Emerging 

Infections Program and Emory University School of Medicine, Atlanta, Georgia; 21Maryland Department of Health, Baltimore, 

Maryland; 22Department of Emergency Health Services, University of Maryland, Baltimore, , Maryland; 23Minnesota Emerging 

Infections Program Minnesota Department of Health, St. Paul, Minnesota; 24University of New Mexico, Albuquerque, New 

Mexico/New Mexico Emerging Infections Program, Santa Fe, New Mexico; 25University of Rochester Medical Center / New York 

State-Rochester Emerging Infections Program, Rochester, New York; 26Public Health Division Oregon Health Authority, Portland, 

Oregon; 27Vanderbilt University Medical Center, Nashville, Tennessee; 28Duke Center for Antimicrobial Stewardship and Infection 

Prevention, Duke University School of Medicine, Durham, North Carolina; 29Johns Hopkins University School of Medicine, 



4 
 

Baltimore, Maryland; 30Department of Medicine, Rush University Medical Center, Chicago, Illinois; 31University of Utah VA Salt 

Lake City Health Care System, Salt Lake City, Utah; 32Washington University School of Medicine, Division of Infectious Diseases, 

St. Louis, Missouri; 33University of Wisconsin-Madison, Madison, Wisconsin; 34William S. Middleton Memorial Veterans Hospital, 

Madison, Wisconsin; 35Alaska Native Tribal Health Consortium, Alaska; 36Southcentral Foundation, Alaska; 37Yukon-Kuskokwim 

Health Corporation, Alaska 

  



5 
 

B. Acknowledgements 
 

We thank the health care personnel and health care systems who agreed to participate in this study. 

Jasmine Varghese; Nong Shang; Gordana Derado; Taniece Eure; Rebecca M. Alkis Ramirez; Gregory Blazek; Allison 

Schuette; Brianna M. DiFronzo; Karen Hopcia; Theresa M. Orechia; Alexander B. Hill; Gabrielle Donohoe; Lily R. Johnsky; 

Jordyn M. Fofi; Steven E. Miyawaki; Jenson J. Kaithamattam; Michelle Chung; Nikita A. Umale; Mohammad Adrian 

Hasdianda; Guruprasad Jambaulikar; Tala Teymour; Maria Davila; Suzette Fernandez; Joshua Tiao; Alexandria Henderson; 

Eva Gonzalez; Reynaldo Padilla; Cynthia Delgado; Madeleine Manahan; Melanie Potts; Jessica Kuo; Alyssa Fowlds; Zoe 

Speight; Laurie Kemble; Danielle Beckham; Lori Wilkerson; Geneatra Green; Rachel Marrs; Katherine Schneider; Cathy 

Fairfield; Fred Ullrich; Virginia Mangolds; Morgan Nelson; Abigail Lopes; Scott Pelletier; Gloria Essien; Rebekah Peacock; 

Alan Jones; Bhagyashri Navalkele; Savannah Vann; Andrea William; Brooke Park; Eugene Melvin; Joel Rodgers; Nivedita 

Patkar; Delissa Tidwell-Hand; Whitney Covington; Michael C. Kurz; Peter Poerzgen; Layla A. Anderson; Kyle A. Steinbock; 

Megan R. Fuentes, ; Jennifer Smith; Ethan Lindgren; Linda Frank; Deborah Godine; Anastasia Edwards; Elisabeth Harrington; 

Paula Clogher; Vivian Leung; Maya Dennis; Linda Niccolai; Gwen Oliver; Monica Farley; Melissa Tobin-D'angelo; Stepy 

Thomas; Amy Tunali; Ingrid Zambrano; Erica Hazra; Kelli Williams; Kara Goldstone; Meaghan Woody; Timothy Walsh; 

Shannon Ball; Tameka Browne; Bailey Evenson; Rebecca Perlmutter; Emilija Motivans; Gerit Wagner; Tobias Leuthner; 

Ashley Fell; Kathy Como-Sabetti; Richard Danila; Leslie Baken; Dana Essex; Marla Sievers; Sarah Shrum Davis; Cathleen 



6 
 

Concannon; Jane A Woods; Christine Hurley; Monika Samper; William Schaffner; Kathryn Billings; Melinda Eady; Danielle 

Ndi; Carol Epling; Kristen Said; Michael Yarrington; Michael Smith; Becky Smith; Christopher Polage; Rachel Addison; 

Alicia Nelson; Katherine Foy; Lori Neihaus; Jayme Hughes; Annie Voskertchian; Alaa Hasan; Mary Carl Froilan; Christine 

Fukuda; Jinal Makhija; Lahari Thotapalli; Ellen Benson; Brian Orleans; Morgan Millar; Tavis Huber; Matthew Doane; 

Kristina Stratford; Jacob Crook; Candace Haroldsen; Ling Yan; Jessica N. Zhang; Olivia G. Arter; Grace Yuan; Candace R. 

Miller; David McDonald; Caroline A. O'Neil; Jahnavi Bongu; Hannah Schopp; Amanda Young; Joe Perzynski; Michelle 

Zimbric; Fauzia Osman; Linda Stevens; Kelly Mitchell; Timothy Thomas; Matthew Hirschfeld; Brian Lefferts; Joseph Klejka; 

Donna Galbreath; James Tiesinga; Michael Bruce; Leisha Nolen; Wendy Petersen; Amy Swango Wilson; Vicki Vermillion; 

Brianna Smith; Scott LaBrie; Lauren Gillott; Shannon Williams; Madilyn Short; Christine Desnoyers; Lucinda Alexie; Evelyn 

Smith; Rachelle White; Marissa Friday 

  



7 
 

C. Protocol methods 

Design 

This was a multisite test-negative case-control design study among HCP. Sites collaborated with occupational health clinics in 

participating healthcare facilities to identify HCP at the time of SARS-CoV-2 testing or received line lists of HCP who have already 

been tested. Cases and non-cases were defined based on results of SARS-CoV-2 testing, and detailed information on demographics, 

illness, exposures for SARS-CoV2, and medical and vaccination history was collected via HCP interview.  

Participating healthcare facilities  

Selection of healthcare facilities to participate was at the discretion of the project partners, although partners sought to engage 

healthcare facilities with healthcare workforces that provide geographic, socioeconomic, racial and ethnic diversity. Healthcare 

facilities that could participate in the project included (but were not limited to) hospitals, emergency departments, long-term care 

facilities, or outpatient clinics. 

Key definitions 

Healthcare personnel (HCP):  

HCP refers to all paid and unpaid persons serving in healthcare settings who have the potential for direct or indirect exposure to 

patients or infectious materials, including: 

• body substances 
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• contaminated medical supplies, devices, and equipment 

• contaminated environmental surfaces 

• contaminated air 

For example, this includes any employee or contractor of a healthcare facility such as staff physicians, resident physicians, advanced 

practice providers (PA/NP), nurses, patient care technicians/nursing assistants, pharmacists, social workers, respiratory therapists, 

physical therapists, clerks and administrative staff, security personnel, dieticians, cafeteria staff, environmental services/custodial 

staff, managers and administrators, research staff, volunteers, transport, and health sciences students (medical, nursing, pharmacy, 

dentistry, or others, as available). HCP of any job classification in any department of participating healthcare facilities were eligible 

for enrollment, regardless of exposure to patients or vaccination status. 

HCP case:  

A HCP case is defined as a HCP with ≥ 1 positive SARS-CoV-2 test result during the project period, with or without known exposures 

in healthcare or community settings. During the HCP interview, clinical signs and symptoms of illness will be captured during the 

period of time ranging from 14 days before to 14 days after the positive SARS-CoV-2 test collection date to distinguish symptomatic 

from asymptomatic infections, and those with at least one symptom present were included. A “positive SARS-CoV-2 test” includes 

reverse transcriptase (RT)-PCR (or other laboratory-based NAAT) or antigen tests performed on nasal or oral swabs (or similar upper 

respiratory specimen types, including saliva), sputum or other lower respiratory secretions. 
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HCP cases with recurrentSARS-CoV-2 were excluded: HCP cases who are subsequently identified as having had collection of a 

positive SARS-CoV-2 RT-PCR or antigen test at least 60 days after the symptom onset date or (if asymptomatic) after the first 

positive RT-PCR or antigen test collection date of the prior SARS-CoV-2 infection during the project period were not eligible for re-

inclusion in this VE evaluation. 

HCP controls: 

A HCP controls were defined as a symptomatic or asymptomatic HCP who tested negative for SARS-CoV-2 with or without known 

exposures in healthcare or community settings. A negative test for SARS-CoV-2 was defined as an RT-PCR test performed on nasal 

or oral swabs (or similar upper respiratory specimen types, including saliva), sputum or other lower respiratory secretions. Negative 

antigen tests alone, WITHOUT a confirmatory negative RT-PCR test, were NOT included in the control definition.  

Additional notes regarding HCP eligibility for inclusion: 

• Because HCP may have multiple tests for SARS-CoV-2 over time, it is possible for a HCP non-case to be selected randomly 

for inclusion multiple times (based on multiple negative tests) during the course of the investigation.  

• A HCP control who reported symptoms consistent with SARS-CoV-2 infection (despite having a negative test) during their 

interview is NOT ELIGIBLE to be included again in the project as a control until those symptoms have been resolved for at 

least 4 weeks.  
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o If a HCP control was selected again for inclusion as a control later during the project period, project staff reviewed the 

initial interview form to determine whether the control had symptoms at that time. When contacting the HCP control to 

re-interview them, project staff first talked with the HCP control to determine when the previous illness resolved before 

proceeding with the full interview. If the illness did not resolve at least 4 weeks prior to the re-interview, the HCP 

control was not eligible for re-inclusion. 

• HCP who were included as controls and later tested positive for SARS-CoV-2 may be included as cases. However, once a 

HCP has met the case definition by testing positive for SARS-CoV-2 infection, that HCP was no longer eligible to be included 

in the project as a control. 

• HCP who participated in a COVID-19-related vaccine trial may be included, but detailed information about enrollment and 

vaccine allocation was required. 

• HCP who were unable to confirm test results using an acceptable method were excluded 

Case and control selection, and compensation 

Case and control finding could vary by project partner and by healthcare facility. Options for identification of HCP cases and 

controls utilized by participating healthcare facilities included (but were not limited to) the following: 
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1) At time of testing – HCP who are tested by the healthcare facility in which they work (for example, in the occupational 

health clinic or a facility-sponsored testing center) can be recruited at the time of specimen collection for SARS-CoV-2 RT-

PCR or antigen testing;  

2) At time of reporting test results – HCP who report test results to their occupational health clinic can be recruited at the 

time of test result report (must be within 60 days of test collection); or  

3) Through HCP volunteering – Through e-mails, signs posted in staff patient care areas, screensavers in medical centers, 

and other employee-directed communication, HCP who are tested outside the health system will be able to submit their test 

results for participation in the project (must be within 60 days of test collection).  

 

Control HCP were matched to cases by site and week of test date. Within any given week and study site, any HCP testing 

positive for SARS-CoV-2 (cases) and those who tested negative (controls) and agreed to complete a survey or be interviewed were 

matched, with an overall target ratio of 3 controls per case. An algorithm to enroll controls from among the eligible controls using 

random selection if the control accrual exceeded 3 times the cases during any given week was utilized. 

At the discretion of project partners and according to local policies, HCP cases and controls could receive compensation for 

their participation in the project. 
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Data collection 

Initial interview and HCP interview report form (IRF): 

 Data collection began as soon as possible following receipt of HCP SARS-CoV-2 test results through telephone interviews 

with HCP cases or controls using an IRF or through self-reporting by HCP cases or controls using a secure, electronic IRF (e.g., 

REDCap survey). For the purposes of this protocol, “interview” and IRF include telephone interview and IRF completion or 

completion of a self-administered electronic IRF. Each HCP case or controls was contacted by project staff up to five times to 

schedule a future time for the interview or to conduct the interview.  

If a HCP case or control was unable to be interviewed due to illness or incapacitation, or if the HCP case or control was 

deceased, project staff had to attempt to interview the HCP’s primary caregiver or next of kin to serve as the HCP’s proxy. Project 

staff were to identify the person who is most familiar with the HCP’s medical history to serve as the proxy, and state-specific 

guidelines were to be followed for determining which individual has legal authority to provide information on behalf of the deceased 

or incapacitated HCP.  

Project partners were responsible for ensuring that partner-initiated communications with HCP or their proxies comply with 

applicable privacy and information security standards. Interviews were conducted by partners’ project staff (unless an electronic tool 

was used). Partners that chose to administer an electronic questionnaire included standard, introductory language via email or text to 

HCP or their proxies .  
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Variable categories in the IRF included case status, demographics, underlying medical conditions, roles in healthcare facilities, 

workplace and community exposures, household income, education level, medical and vaccination history (including vaccines against 

SARS-CoV-2 and influenza), hospitalizations or outpatient visits related to the current illness episode (for symptomatic HCP seeking 

care), and providers from whom the HCP has received vaccinations, including vaccines against SARS-CoV-2. The survey and 

interview were available to HCP cases and non-cases in English and Spanish.  

Partners’ project staff obtained verbal or electronic consent from HCP during the initial interview to review HCP medical 

records and vaccination records.  

Follow-up interview: 

HCP cases and controls who were interviewed <14 days after the collection date of their SARS-CoV-2 test and were 

asymptomatic at that time were re-contacted 14 or more days after the collection date of their SARS-CoV-2 test and the IRF was 

updated if they became symptomatic after the initial interview and during the 14 days after their test collection date. HCP cases who 

remained asymptomatic 14 days after the collection date of their positive SARS-CoV-2 test were not included in VE analyses. 

Asymptomatic controls were retained in the VE analysis. 
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Medical record review: 

Medical record reviews were completed for all HCP cases or controls who reported having sought medical care for the current 

episode of illness as reported on the IRF. Project staff completed a supplemental review of hospital and/or outpatient medical records, 

as appropriate. Medical Record Review Form  was used to abstract information from HCP medical records on clinical signs and 

symptoms of illness, laboratory tests for SARS-CoV-2 (test type, date, result), vaccination history, and underlying medical conditions.   

 

Vaccination history: 

 To ensure complete capture of SARS-CoV-2 vaccination history for HCP cases and non-cases, project staff queried various 

sources of information, as appropriate and available at each site, including the state Immunization Information System (IIS) and/or a 

new vaccine tracking platform (known as the Vaccine Administration Management System, VAMS). Project staff also accessed HCP 

case or non-case records from vaccine providers (as reported on the IRF from the HCP interview) to capture vaccine type, date of 

administration, lot number, manufacturer and any information associated with the vaccination event.  Vaccination history was 

recorded using a Vaccine record review form . 
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D. Vaccination status definitions  

HCP vaccination status was defined at the time of their SARS-CoV-2 test date. 

a) Unvaccinated: zero doses of COVID-19 vaccines by the test date 

b) Time before dose 1 effect: measured from day 0–13 after the first dose 

c) Partially vaccinated: measured from 14 days after the first dose through 6 days after the second dose 

d) Completely vaccinated: measured ≥7 days after the second dose (consistent with the Pfizer-BioNTech clinical trial) 
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Sensitivity analysis: 
 
a) Sensitivity analysis I for partially vaccinated (to exclude potential early post-dose 2 vaccine effects): from 14 days after the 

first dose before the receipt of the second dose 
 
b) Sensitivity analysis II for partially vaccinated (to evaluate potential influence of vaccine-related reactions leading to HCP 

testing): from 14 days after the first dose through 6 days after the second dose, excluding participants tested 0-2 days after 
the second dose 

 
c) Sensitivity analysis for completely vaccinated: measured ≥14 days after the second dose (consistent with the Moderna clinical 

trial) 
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E. Statistical analyses 
 

Sample size  

Sample size calculations were made using 80% power with a range of precision for VE estimates of 0.3–0.6.  To generate a 

range of sample size estimates vaccine coverage was assumed to range from 30–70% of HCP. To reach 80% power at 30% coverage 

assuming a VE of 70%, a range of 60–190 SARS-CoV-2 cases with 3 non-cases per case will be needed.  As the vaccine coverage 

increases, the number of cases required to demonstrate 70% effectiveness decreases (e.g., at 70% coverage, between 30–100 SARS-

CoV-2 cases will be needed to demonstrate a VE of 70%) (Table 1). The number of cases needed under each assumption increases 

with <3 non-cases enrolled per case.  Given the short window available to assess vaccine effectiveness and to minimize the target 

number of cases, the goal should be to enroll at least 3 non-cases per case to increase power. Enrollment will continue until at least 

one of the following criteria is reached: 1) vaccine coverage among eligible HCP population reaches 80%, or 2) the site enrolls the 

minimum number of cases and non-cases based on sample size estimated given the vaccine coverage achieved. The optimal time for 

completing the majority of enrollment for the VE evaluation is when vaccine coverage is between 30% and 80% of the included HCP 

population. 
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Table 1: Sample Size Estimates for VE Evaluation 

Vaccine coverage 

among HCPs 

Number of HCP cases 

needed if VE=30%*  

Number of HCP cases 

needed if VE=60%*  

Number of HCP 

cases needed if 

VE=70%* 

30% 160–620 80–280 60–190 

50% 120–460 50–180 35–120 

70% 130–500 45–160 30–100 

*Assuming a 1:3 case: control ratio 

 

Analysis  

Data were aggregated across project partners and healthcare facilities and analyzed at CDC using SAS version 9.4 (SAS 

Institute, Cary, NC). Primary analysis included HCP cases who develop any symptoms of COVID-like illness. Secondary analyses 

included HCP cases who met Pfizer-BioNTech or Moderna randomized control trial case definitions (Table S3)  

Descriptive analyses were performed comparing demographic and clinical characteristics and risk factors for HCP cases and 

controls included in the analysis. We used the standardized difference comparing the difference in means in units of the pooled standard 

deviation. For dichotomous variables, the standardized difference was defined as: 
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𝑑𝑑 =  
(𝑝̂𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 −  𝑝̂𝑝𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)

�𝑝̂𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐(1 − 𝑝̂𝑝𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐) +  𝑝̂𝑝𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜(1 − 𝑝̂𝑝𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)
2

 

where 𝑝̂𝑝𝑐𝑐𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 and 𝑝̂𝑝𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 denotes prevalence of each characteristic among cases and controls, respectively. 

For continuous variable (age), the standardized difference was defined as: 

𝑑𝑑 =  
(𝑥̅𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 −  𝑥̅𝑥𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜)

�𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
2 +  𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2 )

2

 

Where 𝑥̅𝑥𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 and 𝑥̅𝑥𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 denotes sample mean of the age for cases and controls, respectively, and 𝑠𝑠𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐2  and 𝑠𝑠𝑐𝑐𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜2  denotes 

sample variance of the age in cases and controls, respectively. 

To measure VE, we estimated the odds ratio for vaccination (receipt of SARS-CoV-2 vaccine compared to no vaccine) among 

cases vs. non-cases, using conditional logistic regression, adjusting for potential confounders. We estimated VE as follows: 

VE = (1 - adjusted odds ratio for vaccination) x 100% 

The variables evaluated as potential confounders met a priori confounder definition (i.e. potentially associated with both exposure and 

outcome of interest). These variables were evaluated individually (with only vaccination status) in the model. In addition, we included 

all potential confounders in the full model and evaluated the effect of exclusion of each variable from the full model on the estimate 

for vaccination status. The final model retained only those variables resulting in >10% change in estimate with either approach. 
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The primary analysis evaluated the effectiveness of a complete vaccination vs. no vaccine, and partial vaccination vs no 

vaccine for both mRNA vaccines and by vaccine type. A secondary analysis evaluated the effectiveness for subgroups of HCP by age 

group, race/ethnicity, job category, and presence of underlying conditions. In order to obtain subgroup-specific VE estimates, we used 

the entire dataset to evaluate individual interaction between a factor of interest (e.g, diabetes) and vaccine status by adding the 

interaction term into the conditional logistic model adjusting for confounders included in the primary analyses model. Regardless of 

whether interaction variables were significant or not, we estimated VE and confidence intervals for those with and without a factor of 

interest (in the main paper only estimates with the factor present are reported). We repeated secondary analyses using unconditional 

logistic regression, and because the case-control match was broken, adjusted analyses for study site and week of test date (as well as 

confounders as in the main analysis model). The results obtained using unconditional logistic model were similar those in the main 

analysis using conditional logistic regression for all subgroup analyses. 

To evaluate potential for waning of vaccine effect, we estimated VE by time since the receipt of the second dose. We stratified 

vaccinated with 2-doses of mRNA category by time since the receipt of the second dose into 2-week intervals. Vaccine effectiveness 

for each of these categories was measured as compared to unvaccinated using conditional logistic regression.  
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F. Supplemental tables 

Table_S1. List of Participating Organizations 

 

Study Partner Site HCP cases enrolled HCP controls enrolled 

CDC Arctic 
Investigations Program 
(AIP)* 

Alaska Native Tribal Health Consortium (ANTHC)  16 (1) 48 (1) 

Yukon-Kuskokwim Health Corporation (YKHC) 19 (1) 59 (2) 

Emerging Infection 
Program (EIP) † 

Zuckerberg San Francisco General Hospital, San Francisco, CA 9 (<1) 29 (<1) 

Colorado EIP 65 (4) 164 (5) 

Connecticut EIP 45 (3) 101 (3) 

Georgia EIP 15 (1) 54 (2) 

Maryland EIP 79 (5) 196 (6) 

North Memorial Health Hospital, Robbinsdale, and Maple Grove 
Hospital, Maple Grove, Minnesota 
 

9 (<1) 15 (<1) 

New Mexico EIP 42 (3) 47 (1) 

University of Rochester Medical Center, Rochester, NY 217 (15) 396 (11) 

Oregon EIP 41 (3) 84 (2) 

Tennessee EIP 30 (2) 106 (3) 

Preventing Emerging 
Infections through 
Vaccine Effectiveness 

Baystate Medical Center, Springfield, MA 29 (2) 78 (2) 

Brigham and Women’s Hospital, Boston, MA 29 (2) 81 (2) 

Jackson Memorial Hospital, Miami, FL 13 (<1) 21 (<1) 
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Testing (Project 
PREVENT)  

Olive View-UCLA, Los Angeles, CA 6 (<1) 14 (<1) 

Thomas Jefferson University, Philadelphia, PA 156 (11) 204 (6) 

Truman Medical Centers, Kansas City, MO 18 (1) 40 (1) 

University of Alabama Hospital, Birmingham, AL 53 (4) 35 (1) 

University of California San Francisco-Fresno, Fresno, CA 24 (2) 46 (1) 

University of Chicago, Chicago, IL 11 (<1) 60 (2) 

University of Iowa, Iowa City, IA 38 (3) 94 (3) 

University of Massachusetts Memorial Medical Center, Worcester, MA 93 (6) 255 (7) 

University Medical Center, Louisiana State University, New Orleans, LA 2 (<1) 7 (<1) 

University of Mississippi Medical Center, Jackson, MS 48 (3) 92 (3) 

University of Washington, Seattle, WA 7 (<1) 19 (<1) 

Valleywise Hospital, Phoenix, AZ 20 (1) 17 (<1) 

Safety and Healthcare 
Epidemiology Prevention 
Research Development 
(SHEPheRD Program) 

Duke University, Durham, NC 56 (4) 337 (10) 

Johns Hopkins University, Baltimore, MD 31 (2) 117 (3) 

Rush University, Chicago, IL 80 (5) 267 (8) 

University of Utah, Salt Lake City, UT 77 (5) 188 (5) 

Washington University, St. Louis, MO 89 (6) 90 (3) 

University of Wisconsin, Madison, WI 15 (1)  88 (3) 
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*CDC Arctic Investigations Program (AIP) sites include the Alaska Native Tribal Health Consortium (ANTHC) and the Yukon-

Kuskokwim Health Corporation (YKHC). In Alaska, the project is being implemented through a collaboration between the Alaska 

Native Tribal Health Consortium (ANTHC), Southcentral Foundation (SCF), Yukon-Kuskokwim Health Corporation (YKHC), and 

CDC AIP. 

† Emerging Infections Program (EIP) sites includes a mix of hospitals and long-term care facilities selected within the state 

surveillance area 
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Table S2. Clinical characteristics and vaccination status of healthcare personnel who tested positive for SARS-CoV-2 and had one or 

more symptom of COVID-like illness (cases) and those who tested negative (controls), 33 U.S. sites, January-May 2021.   

 
 

Characteristic 
Cases (No.=1482) 

 
Controls (No.=3449) 

 

 No. (%) No. (%) 

Reported symptoms of illness   

Fever (measured temp. >100°F or subjective) 640 (43) 684 (20) 

Cough (dry and/or productive) 867 (59) 798 (23) 

Shortness of breath 425 (29) 204 (6) 

Chills 650 (44) 694 (20) 

Muscle pain 721 (49) 745 (22) 

Altered sense of smell or taste 860 (58) 108 (3) 

Sore throat 560 (38) 1067 (31) 

Diarrhea  367 (25) 441 (13) 

Nausea or vomiting 296 (20) 468 (14) 

Headache 994 (67) 1368 (40) 

Congestion 841 (57) 806 (23) 

Runny nose 655 (44) 851 (25) 

Loss of appetite 339 (23) 139 (4) 

Chest pain/tightness 289 (20) 169 (5) 

Abdominal pain 134 (9) 201 (6) 
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Red bruised toes or feet 12 (1) 8 (0.2) 

No symptoms reported 0 891 (26) 

Sought medical care† 326 (22) 521 (15) 

Hospitalized † 29 (2) 34 (1) 

Presence of one or more underlying condition or risk 
factor increasing risk of severe COVID-19§ 1133 (76) 2583 (75) 

Obesity (BMI >30 or listed in medical record) 533 (36) 1078 (31) 

Overweight (BMI 25-29 or listed in medical record) 429 (29) 970 (28) 

Asthma 208 (14) 623 (18) 

Hypertension 216 (15) 486 (14) 

Diabetes mellitus¶ 69 (5) 160 (5) 

Immunocompromising condition** 64 (4) 126 (4) 

Heart disease 31 (2) 109 (3) 

Cerebrovascular disease 3 (0.2) 7 (0.2) 

Neurologic condition 12 (1) 37 (1) 

Chronic kidney disease 5 (0.3) 24 (1) 

Chronic obstructive pulmonary disease (COPD) 5 (0.3) 17 (1) 

Other chronic lung disease 18 (1) 39 (1) 

Chronic liver disease 10 (1) 21 (1) 

Thalassemia/ sickle cell disease 0 (0) 4 (0.1) 

Current or former smoker 291 (20) 705 (20) 

Pregnancy (proportion out of female HCP) 62 (4) 91 (3) 

Received flu vaccine for the current respiratory season†† 1208 (82) 2829 (82) 
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COVID-19 Vaccine Status   

 Unvaccinated 812 (55) 890 (26) 

 Received >1 dose prior to test date 670 (45) 2559 (74) 

 By interval from last dose to test date   

            One dose, < 14 days  357 (24) 602 (17) 

            One dose, >14 days 114 (8) 502 (15) 

            Two doses, <7 days  29 (2) 370 (11) 

            Two doses, 7-13 days 11 (1) 174 (5) 

            Two doses, >14 days 159 (11) 911 (26) 

By vaccine type    

       Pfizer-BioNTech 520 (78) 2030 (79) 

        Moderna 140 (21) 500 (20) 

 Other vaccine§§ 10 (1) 29 (1) 
† HCP who sought care for the current episode of illness were seen in an outpatient setting, emergency department, urgent care, or 

hospital. Among hospitalized cases, 5 cases required supplemental oxygen, 3 cases were admitted to intensive care unit, and 2 were 

intubated. Among hospitalized controls, 1 HCP was admitted to intensive care unit and required supplemental oxygen. 

§Conditions associated with definite or potential increased risk of severe COVID-19 disease were based on CDC criteria 

(https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html)  

¶Among HCP who reported diabetes mellitus, 1 case and 3 controls (<1% of all cases or controls) reported type 1, 19 cases (1% of 

all cases) and 21 controls (<1% of all controls) had type 2, and 49 cases (3%) and 136 controls (4%) did not specify a type 
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**Immunocompromising conditions include immunosuppressive medication (e.g., corticosteroids, chemotherapy, or other 

immunosuppressive medications), solid organ transplant, hematopoietic stem cell transplant, HIV, or active cancer (current cancer 

or in treatment or diagnosed in last 12 months). 

††Influenza vaccination status was based on self-report or medical or vaccine record review 

§§Other COVID-19 vaccines included AstraZeneca (2 case-patients and 1 control), Janssen (8 case-patients and 28 controls) 
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Table_S3. Characteristics of healthcare personnel (HCP) who tested positive for SARS-CoV-2 and had one or more symptom 

of COVID-like illness (cases) by vaccination status 

 

 

Completely 
vaccinated cases* 

(No.=167) 
No. (%) 

Partially vaccinated 

cases† 
(No.=140) 
No. (%) 

Unvaccinated cases 
 

(No.=812) 
No. (%) 

Characteristic    

Median age (range), years 37 (20-67) 40 (22-67) 35 (18-69) 

Age group, years    

 18-49 130 (78) 106 (76) 646 (80) 

 50-64 34 (20) 33 (24) 149 (18) 

 ≥ 65 2 (1) 1 (1) 7 (1) 

 Missing 1 (1) 0 10 (1) 

Sex    

 Male 31 (19) 31 (22) 115 (14) 

 Female 135 (81) 108 (77) 690 (85) 

Race/ethnicity    

 Hispanic/Latino 16 (10) 12 (9) 98 (12) 

 White, Non-Hispanic 127 (76) 103 (74) 467 (58) 

 Black, Non-Hispanic 6 (4) 7 (5) 161 (20) 
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Completely 
vaccinated cases* 

(No.=167) 
No. (%) 

Partially vaccinated 

cases† 
(No.=140) 
No. (%) 

Unvaccinated cases 
 

(No.=812) 
No. (%) 

 Asian & Pacific Islander, Non-Hispanic 11 (7) 9 (6) 42 (5) 

 American Indian/Alaska Native, Non-Hispanic 6 (4) 5 (4) 16 (2) 

 Multiple/Other, Non-Hispanic 1 (1) 4 (2) 28 (3) 

Reported symptoms of illness    

Fever (measured temp. >100°F or subjective) 46 (28) 50 (36) 378 (47) 

Cough (dry and/or productive) 69 (41) 66 (47) 513 (63) 

Shortness of breath 31 (19) 29 (21) 270 (33) 

Chills 49 (29) 51 (36) 385 (47) 

 Muscle pain 56 (34) 57 (41) 413 (51) 

Altered sense of smell or taste 74 (44) 71 (51) 502 (62) 

Sore throat 66 (40) 53 (38) 315 (39) 

Diarrhea  26 (16) 28 (20) 231 (28) 

Nausea or vomiting 21 (13) 24 (17) 180 (22) 

 Headache 98 (59) 89 (64) 568 (70) 

 Congestion 106 (63) 81 (58) 443 (55) 

 Runny nose 93 (56) 76 (54) 334 (41) 

 Chest pain/tightness 21 (13) 24 (17) 189 (23) 

 Loss of appetite 19 (11) 21 (15) 214 (26) 
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Completely 
vaccinated cases* 

(No.=167) 
No. (%) 

Partially vaccinated 

cases† 
(No.=140) 
No. (%) 

Unvaccinated cases 
 

(No.=812) 
No. (%) 

 Abdominal pain 12 (7) 13 (9) 88 (11) 

 Red bruised toes or feet 1 (1) 2 (1) 7 (1) 

Sought medical care§ 29 (17) 33 (24) 194 (24) 

Hospitalized 4 (2) 1 (1) 21 (3) 

Presence of one or more underlying condition or risk 
factor increasing risk of severe COVID-19¶ 118 (71) 110 (79) 620 (76) 

Obesity (BMI >30 or listed in medical record) 49 (29) 47 (34) 315 (39) 

Overweight (BMI 25-29 or listed in medical record) 44 (26) 50 (36) 210 (26) 
Asthma 21 (13) 20 (14) 112 (14) 

Hypertension 22 (13) 17 (12) 123 (15) 

 Diabetes mellitus** 10 (6) 4 (3) 35 (4) 

 Immunocompromising condition†† 15 (9) 8 (6) 24 (3) 

 Heart disease 5 (3) 3 (2) 12 (1) 

 Other chronic lung disease 2 (1) 1 (1) 11 (1) 

 Chronic liver disease 3 (2) 1 (1) 3 (0.4) 

 Current or former smoker 32 (19) 21 (15) 160 (20) 

 Pregnancy (proportion out of female HCP) 1 (1) 5 (4) 52 (6) 
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*Partially vaccinated cases include HCP who received a single dose of an mRNA vaccine during the interval from 14 days after 

the first dose through 6 days after the second dose. 

† Completely vaccinated cases include HCP who received 2 doses of an mRNA vaccine ≥7 days after the receipt of the second 

dose (consistent with the Pfizer clinical trial). 

§ HCP who sought care for the current episode of illness were seen in an outpatient setting, emergency department, urgent care, 

or hospital  

¶Conditions associated with definite or potential increased risk of severe COVID-19 disease per CDC 

(https://www.cdc.gov/coronavirus/2019-ncov/need-extra-precautions/people-with-medical-conditions.html)  

**Among HCP cases who reported diabetes mellitus, 0 cases reported type 1, 13 cases had type 2, and 35 cases did not specify a 

type 

††Immunocompromising conditions included immunosuppressive medication use (e.g., corticosteroids, chemotherapy, or other 

immunosuppressive medications), solid organ transplant, hematopoietic stem cell transplant, HIV, or active cancer (current 

cancer or in treatment or diagnosed in last 12 months).  

https://www.cdc.gov/coronavirus/2019-
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Table_S4. Estimated effectiveness of mRNA COVID-19 vaccines among healthcare personnel by presence of various symptoms 

and vaccine type, 33 U.S. sites, January -May 2021. 

 
Cases (No.= 

1472) 
No. (%) 

Controls 
(No.=3420) 

No. (%) 

Vaccine effectiveness by number of doses and 
by interval from last vaccine dose to test date 

Received any COVID-19 vaccine by vaccination status   Unadjusted * Adjusted*†  

Among febrile cases      

    Partially vaccinated§ 51 (8) 253 (37) 93.3 (90.0-95.5) 92.2 (88.2-94.9)  

    Completely vaccinated¶ 47 (7) 168 (25) 94.3 (90.8-96.4) 94.2 (90.2-96.5)  

Among afebrile cases      

    Partially vaccinated§ 92 (11) 478 (17) 72.4 (63.5-79.1) 70.5 (60.3-78.1)  

    Completely vaccinated¶ 123 (15) 917 (33) 86.8 (81.9-90.4) 86.8 (81.5-90.6)  

Among cases meeting Pfizer– BioNTech randomized 
control trial case definition** 

    

Partially vaccinated§ 118 (9) 519 (27) 85.3 (80.9-88.7) 83.9 (78.7-87.9) 

Completely vaccinated¶ 134 (10) 577 (31) 91.6 (88.4-93.9) 91.5 (87.9-94.0) 

Among cases NOT meeting Pfizer- BioNTech randomized 
control trial case definition**     

Partially vaccinated§ 25 (16) 353 (23) 51.3 (18.2-71.0) 46.5 (7.9-69.0) 

Completely vaccinated¶ 36 (23) 508 (33) 74.6 (57.5-84.8) 75.0 (56.9-85.5) 
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Among HCP cases meeting Moderna randomized control 
trial case definition††       

    Partially vaccinated§ 128 (9) 583 (26) 84.6 (80.1-88.1) 83.7 (78.6-87.6) 

    Completely vaccinated¶ 145 (10) 701 (32) 91.9 (88.8-94.1) 92.0 (88.7-94.3) 

Among HCP cases NOT meeting Moderna randomized 
control trial case definition††     

    Partially vaccinated§ 15 (16) 289 (23) 31.3 (-32.9, 64.5) 19.3 (-61.0, 59.5) 

    Completely vaccinated¶ 25 (26) 384 (31) 59.3 (23.7-78.3) 58.5 (19.3-78.6) 

Anticipated level of patient contact based on job  
categories §§ 

  
  

  Substantial direct patient contact     

  Partially vaccinated§ 101 (11) 621 (28) 84.3 (79.2-88.1) 82.2 (76.2-86.8) 

  Completely vaccinated¶ 119 (13) 740 (34) 91.2 (87.9-93.6) 91.1 (87.4-93.7) 

  Moderate direct patient contact     

   Partially vaccinated§ 9 (5) 75 (19) 84.0 (65.3-92.7) 80.3 (55.4-91.3) 

   Completely vaccinated¶ 22 (13) 123 (31) 85.5 (72.3-92.4) 85.5 (71.3-92.7) 

  Minimal direct patient contact     

   Partially vaccinated§ 24 (7) 139 (20) 74.2 (57.4-84.3) 74.3 (56.3-84.9) 

   Completely vaccinated¶ 23 (7) 185 (26) 91.8 (85.1-95.4) 92.4 (85.8-96.0) 

  Undefined direct patient contact     

   Partially vaccinated§ 5 (9) 25 (21) 64.9 (-6.1, 88.4) 75.7 (23.0-92.4) 

   Completely vaccinated¶ 3 (6) 24 (20) 90.4 (52.5-98.0) 92.5 (58.6-98.7) 
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* Vaccine effectiveness was calculated as one minus the matched odds ratio for partially or completely vaccinated, compared 

to unvaccinated and estimated using a conditional logistic regression model accounting for matching by site of enrollment and 

week of test date; effectiveness for all categories estimated using unvaccinated as a reference group. 

† Odds ratio is adjusted for age, race/ethnicity, presence of underlying conditions, and close contact with COVID-19 patients in 

the workplace, or persons with COVID-19 outside of the workplace 

§For partially vaccinated effectiveness of a single dose was measured during the interval from 14 days after the first dose 

through 6 days after the second dose. 

¶ For completely vaccinated effectiveness of 2 doses was measured ≥7 days after the receipt of the second dose. 

** Pfizer-BioNTech randomized control trial case definition was as follows: participants with at least 2 of the following 

symptoms: fever (subjective or measured), chills, muscle aches/fatigue or malaise, headache, sore throat, or altered sense of 

smell or taste OR at least one of the following: cough, shortness of breath, or clinical or radiographic evidence of pneumonia; 

partially or completely vaccinated HCP case-patients who did not meet this case definition had the following symptoms: 

congestion (n=31, 51%), runny nose (n=27, 44%), headache (n=14, 23%), altered sense of smell or taste (n=12, 20%), sore 

throat (n=6, 10%), diarrhea (n=6, 10%), nausea or vomiting (n=2, 3%), chills (n=1, 2%), muscle pain (n=1, 2%), abdominal 

pain (n=2, 3%) 
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†† Modena randomized control trial case definition was as follows: participants with the presence of at least one of the 

following symptoms: fever, cough, shortness of breath, chills, muscle pain, loss of taste or smell, sore throat, diarrhea, or 

vomiting; partially or completely vaccinated HCP case-patients who did not meet this case definition had the following 

symptoms: congestion (n=23, 58%), runny nose (n=23, 58%), headache (n=16, 40%). 

§§ Job categories with anticipated substantial direct patient contact included: physician, physician assistant, nurse practitioner, 

registered nurse, licensed practical nurse, other nurse, certified nursing assistant, patient care technician or assistant, medical 

assistant, COVID-19 tester, phlebotomist, home health personnel, emergency medical services, physical therapist or assistant, 

rehabilitation aide, occupational therapist, speech-language pathologist, respiratory therapist, radiology technician, dental 

healthcare provider, and surgical, medical, or emergency technician. Job categories with anticipated moderate direct patient 

contact included: environmental services personnel, food services personnel, patient transport personnel, non-physician 

behavioral health provider, chaplain, care coordinator, translator, health educator, genetic counselor, dietician, and research 

personnel. Job categories with anticipated minimal patient contact included: administrative or ward clerk, symptom checker, 

telehealth trainer, facilities maintenance equipment and sterile technician; medical equipment sales; laboratory personnel; and 

pharmacists. Undefined patient contact included others who could not be classified into any of the above categories or those with 

missing information. 
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