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Abstract

Study objective: In the early months of the coronavirus disease 2019 (COVID-19) pandemic 

and before vaccine availability, there were concerns that infected emergency department (ED) 

health care personnel could present a threat to the delivery of emergency medical care. We 

examined how the pandemic affected staffing levels and whether COVID-19 positive staff were 

potentially infectious at work in a cohort of US ED health care personnel in 2020.

Methods: The COVID-19 Evaluation of Risks in Emergency Departments (Project COVERED) 

project was a multicenter prospective cohort study of US ED health care personnel conducted 

from May to December 2020. During surveillance, health care personnel completed weekly 

electronic surveys and underwent periodic serology and nasal reverse transcription polymerase 

chain reaction testing for SARS-CoV-2, and investigators captured weekly data on health care 

facility COVID-19 prevalence and health care personnel staffing. Surveys asked about symptoms, 

potential exposures, work attendance, personal protective equipment use, and behaviors.

Results: We enrolled 1,673 health care personnel who completed 29,825 person weeks of 

surveillance. Eighty-nine (5.3%) health care personnel documented 90 (0.3%; 95% confidence 

interval [CI] 0.2% to 0.4%) person weeks of missed work related to documented or concerns for 

COVID-19 infection. Health care personnel experienced symptoms of COVID-19 during 1,256 

(4.2%) person weeks and worked at least one shift whereas symptomatic during 1,042 (83.0%) 

of these periods. Seventy-five (4.5%) participants tested positive for SARS-CoV-2 during the 

surveillance period, including 43 (57.3%) who indicated they never experienced symptoms; 74 

(98.7%; 95% CI 90.7% to 99.9%) infected health care personnel worked at least one shift during 

the initial period of infection, and 71 (94.7%) continued working until laboratory confirmation of 

their infection. Physician staffing was not associated with the facility or community COVID-19 

levels within any time frame studied (Kendall tau’s 0.02, 0.056, and 0.081 for no shift, one-week 

time shift, and 2-week time shift, respectively).

Conclusions: During the first wave of the pandemic, COVID-19 infections in ED health 

care personnel were infrequent, and the time lost from the workforce was minimal. Health 

care personnel frequently reported for work while infected with SARS-CoV-2 before laboratory 

confirmation. The ED staffing levels were poorly correlated with facility and community 

COVID-19 burden.

INTRODUCTION

Background

The first wave of the coronavirus disease 2019 (COVID-19) pandemic in the spring and 

summer of 2020 was marked by intense stress and uncertainty for emergency medicine 

department (ED) health care personnel in the United States.1,2 These ED staff were often 
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the first and sometimes only medical care providers exposed to patients infected with 

COVID-19.3 At a time prior to COVID-19 vaccine availability, when the communicability 

of the causative agent, SARS-CoV-2, was unknown and personal protective equipment 

(PPE) mandates shifted, ED health care personnel had uncertain risk of contracting and 

transmitting the disease at work. This uncertainty was particularly concerning in light 

of historical outbreaks of a related virus, SARS-CoV, which carried a significant risk of 

transmission and mortality in the health care setting.4,5 To quantify these risks, we initiated 

the nationwide, Centers for Disease Control and Prevention (CDC)-sponsored COVID-19 

Evaluation of Risks in Emergency Departments (Project COVERED).6

Importance

Our study provided a unique opportunity to explore the threat infected ED health care 

personnel pose to the delivery of emergency medical care during the earliest phase of 

a pandemic. At the facility level, loss of personnel due to widespread illness and work 

restrictions because of quarantine could disrupt an ED’s capacity to provide care, especially 

during local COVID-19 surges.7 Perhaps more ominously, infected health care personnel 

could potentially act as vectors for spreading disease to colleagues and patients.8 This 

theoretical risk would be especially concerning in cases of asymptomatic infection, which is 

a hallmark of SARS-CoV-2.9,10 In addition is the problem of “presenteeism,” or the practice 

of health care personnel continuing to work when experiencing symptoms of illness.11 Our 

results could provide important lessons for policymakers and administrators in the case of 

the emergence of a more virulent SARS-CoV-2 strain or an entirely novel pathogen.

Goals of This Investigation

Our study sought to explore the extent of this threat by focusing on the following 

3 outcomes: 1) the risk of health care personnel presenting to work while infectious 

with SARS-COV-2, 2) the effect of COVID-19 symptoms and diagnoses on health care 

personnel work status and facility burden from missed work, and 3) the association between 

COVID-19 infection levels and ED staffing, with a particular focus on assessing the 

potential for impaired staffing during times of increased COVID-19 activity.

MATERIALS AND METHODS

Study Setting and Design

We conducted a multicenter surveillance project at 25 geographically diverse EDs affiliated 

with 20 US academic emergency medicine residency programs from May through December 

2020. The project was reviewed by the CDC and was conducted in compliance with 

applicable laws and CDC policy.12 This activity was determined to meet the requirements 

of public health surveillance because it was authorized by a public health authority for 

assessing risk to health care personnel during the COVID-19 pandemic as defined in 45 

CFR 46.102(l)(2).12 Surveillance projects are considered exempt from IRB review, however 

each site’s IRB was provided a limited evaluation of the project and all agreed with this 

determination. All participating health care personnel provided informed consent.6
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Selection of Participants

A detailed presentation of the methods for the project, including a list of investigative 

sites, is provided elsewhere.6 To briefly summarize, each site enrolled approximately 80 

ED health care personnel volunteers who had not previously been infected with SARS-

CoV-2. Each participant was screened with nasal swabs for reverse transcription polymerase 

chain reaction (RT-PCR) testing and blood samples for SARS-CoV-2 immunoglobulin G 

(IgG) antibody testing with anyone testing positive being excluded and replaced with a 

negative-testing health care personnel. These individuals were distributed among 4 groups: 

1) physicians and advanced practice providers who were likely to intubate, 2) physicians 

and advanced practice providers who were unlikely to intubate, 3) nurses, and 4) nonclinical 

staff. Physicians in groups 1 and 2 could include residents, and nonclinical staff could 

include any ED personnel with routine clinical contact, including case managers, ED 

pharmacists, unit clerks, etc.

Measurements

We performed nasal swabs for RT-PCR testing and blood samples for SARS-CoV-2 IgG 

antibody testing at baseline, week 2, week 4, and every 4 subsequent weeks through 

week 20. Results were available and reported back to participants within 1 week of 

testing. Results from testing performed outside the study were also collected. Positive 

tests were self-reported by participants to their respective facilities with quarantine and 

return-to-work clearance dictated by local policy. Our primary data element was the person-

week survey that individual participants completed each week. These surveys ascertained 

details on several factors, including COVID-19 symptoms, work status, and adherence 

to PPE guidelines recommended by the CDC during the surveillance period (surgical or 

N95 facemask for all patient encounters; eye protection, gown, and gloves additionally for 

all SARS-CoV-2 patient encounters; and N95 respirator additionally for all SARS-CoV-2 

aerosol-generating procedures). Staffing data were externally validated at each site by local 

principal investigator and included weekly hours worked across all ED positions (provider 

and ancillary) open during the observation period. Investigators reported prevalence of 

patients hospitalized with COVID-19 in weekly facility surveys. Community COVID-19 

infection incidence was determined from public health reports collated from local health 

department data for each facility’s health service area.13

Outcomes

SARS-CoV-2 infection was defined as a positive RT-PCR (on either a study test or 

confirmed from outside) or positive IgG antibody testing.

Analysis

Potential for health care personnel to develop COVID-19 and spread infection.
—Using data from weekly surveys, we determined the prevalence of health care personnel 

who developed COVID-19 since the previous survey and an infectivity window for each. 

This window represents the period when an infected health care personnel could have 

been contagious and unknowingly worked, whether symptomatic or asymptomatic. It 

encompasses the earliest possible date of infection, defined as 3 days before the prior 
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RT-PCR test, through the date of acquisition of the positive test, and ended when the 

provider was notified of their positive test result.6 From this window, we determined the 

prevalence of infected health care personnel who worked one or more shifts in the ED 

during their infectivity window. We also determined whether each infected health care 

personnel reported masking during this window.

Effect of COVID-19 symptoms and diagnoses on health care personnel work 
status and facility burden from missed work.—We determined the number of weeks 

health care personnel (both infected and uninfected) reported symptoms of COVID-19 and 

the number of weeks that health care personnel did and did not work during these periods. 

This is a particularly important metric because point-of-care testing with immediate results 

was not available at the time-to-direct isolation practices.

Association between COVID-19 infection levels and ED staffing.—To assess the 

facility staffing burdens associated with COVID-19 infections and surges, we ascertained 

the proportion of reduced staffing events, defined as weeks when participating EDs had 

staffing levels ≤95% of their numerical average staffing level over the course of the entire 

study observation period. We tabulated the number and proportion of reduced staffing events 

while COVID-19 infections (both facility and community levels) were increased above the 

numerical average infection rates for each facility. To allow for direct comparisons across 

facilities, we employed relative staffing levels with weekly staffing expressed in terms of 

the average staffing level for the facility throughout the study. Recognizing that variations in 

case numbers were likely to have different effects on different facilities, we also employed 

relative infection levels to allow for a direct comparison of COVID-19 infections across 

centers.

We created scatterplots illustrating the facility staffing levels as a function of the facility 

and community COVID-19 infection levels. We used Kendall’s tau to provide a quantitative 

measure of association for each scatterplot. This statistic looks at ordinal associations using 

a rank correlation and does not look at linear associations. It can take on values from —1 

to 1, with a value of 1 indicating complete agreement (strong positive correlation), a value 

of —1 indicating inverse relationship (strong negative correlation), and a value near zero 

indicating little or no relationship. Recognizing that COVID-19 volumes could affect future 

staffing, we conducted one and 2-week time-shifted scatterplots to examine the association 

between current infection and future staffing.

We generated sample size and power estimates for the primary outcomes of Project 

COVERED.6 The material we presented in these analyses is descriptive results. We have 

adjusted all 95% confidence intervals (CIs) for clustering using intraclass correlation 

and design effects and completed our statistical analyses using Microsoft Excel v 12.3.6 

(Microsoft Corporation) and R v.4.0.4 (R Foundation).14 Throughout our analyses, we 

regarded missing data as absent and excluded it from our calculated point measures. 

Specifically, we did not employ imputation or estimation.
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RESULTS

The COVERED project enrolled 1,673 health care personnel and collected 29,825 person 

weeks of observational data from 25 EDs all containing emergency medicine residency 

programs. The ED annual visits ranged from 33,000 to 247,519 by site (2019 data) (Table 

1).Weekly cumulative community COVID-19 infection incidence at sites ranged from 0.9 to 

158.1 cases per 100,000 population during the study period. (Table 1, Table E1, available at 

http://www.annemergmed.com).

Potential for Health Care Personnel to Develop COVID-19 and Spread SARS-CoV-2

During the surveillance period, 75 (4.5%) participants developed COVID-19 infection, 

including 31 (3.7%) of 844 physicians/advanced practice providers, 29 (7.0%) of 417 nurses, 

and 15 (3.7%) of 412 nonclinical personnel. COVID-19 infections were asymptomatic in 

43 (57.3%) cases, including 21 (67.7%) of 31 physician/advanced practice providers, 17 

(58.6%) of 29 nurses, and 5 (33.3%) of 15 nonclinical health care personnel (Table 2).

Seventy-four (98.7%; 95% CI 90.7% to 99.9%) infected health care personnel reported 

working in the ED during their infectivity window. Four participants (5.3%) stopped 

working before their diagnosis because of concerns about possible infection, whereas the 

remaining 71 (94.7%) continued working until laboratory confirmation of their infection. 

Cumulatively, symptomatic, active COVID-19-infected health care personnel participated in 

clinical activities during 19 surveillance weeks (0.06% of all surveillance weeks and 44.9% 

of the 42.3 weeks that these health care personnel were infected). Only one COVID-19-

infected health care personnel (physician) reported failure to use universal masking while 

caring for non–COVID-19 patients (1.3%; 95% CI 0.1% to 9.3%), whereas 5 COVID-19-

infected health care personnel (4 physicians and 1 nurse) reported failing to use appropriate 

masking while engaged in nonpatient activities.

Effect of COVID-19 Infection Symptoms and Diagnoses on Health Care Personnel Work 
Patterns and Staffing and Facility Burden From Missed Work

Health care personnel (including infected and uninfected individuals) reported having 

symptoms consistent with COVID-19 infection in 1,256 (4.3%) of 29,825 weeks, including 

1,042 (83.0% of symptomatic weeks) during which they worked one or more shifts and 

72 (5.7% of symptomatic weeks) during which they abstained from work. Thirty-two 

COVID-19-infected health care personnel (42.7%) reported experiencing at least one 

related symptom before their diagnoses. These health care personnel reported experiencing 

symptoms while working in the ED in 19 weeks and abstaining from work because of 

suspected SARS-COV-2 infection in 23 weeks (Table 3).

Eighty-nine health care personnel reported a total of 90 person weeks (0.3% of all weeks; 

95% CI 0.2 to 0.4) of missed work related to COVID-19 and COVID-19 concerns. This 

included 72 cases in which health care personnel missed work because of concerning 

symptoms. Thirty-six health care personnel reported missing work based on a positive 

COVID-19 diagnosis from an outside facility, and 5 health care personnel missed work 
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based on a positive COVID-19 diagnosis from COVERED surveillance testing. No one 

reported missing work because of an exposure leading to quarantine.

Association Between COVID-19 Infection Levels and ED Staffing

During the surveillance period, the interquartile range for physician-staffing levels at the 25 

participating centers varied from 98.7% to 102.0% of normal staffing. Nursing staffing levels 

exhibited an interquartile range of 98.6% to 103.0% of normal, and nonclinical staffing 

levels exhibited an interquartile range of 99.6% to 101.0%.

Table 4 shows the frequency of decreased staffing associated with increased facility 

COVID-19 infection levels. Instances in which staffing fell below 95% of normal and 

facility cases of COVID-19 increased by 100% occurred in only 7/500 (1.4%) weeks for 

physicians, 4/490 (0.8%) weeks for nurses, and 2/456 (0.4%) weeks for nonclinical staff. 

A similar low frequency was seen when staffing was compared to community COVID-19 

prevalence, as illustrated in Table E2 (available at http://www.annemergmed.com).

The Figure presents the scatterplots of weekly health care personnel staffing levels and 

facility COVID-19 volume at the participating centers, including time-shift analysis. The 

Kendall tau’s for physician staffing were 0.02, 0.056, and 0.081 for no shift, one-week time 

shift, and 2-week time shift, respectively (Figure, A). Kendall tau’s for nursing staffing and 

nonclinical staffing show a similar poor correlation (Figure, B, Figure, C). Scatterplots for 

each type of health care personnel and community COVID-19 levels displayed a similar 

pattern and can be found in Figure E1 (available at http://www.annemergmed.com).

LIMITATIONS

This study has limitations. Our observations included only academic medical centers in a 

period that spanned the early segment of the pandemic, missing the effects of the Delta 

variant surges of late December 2020 and advent of the COVID-19 vaccine. Although 

this gave us the unique opportunity to characterize a nonimmune population early in the 

pandemic, these results cannot be generalized to a later phase in the broader ED setting. The 

ED health care personnel transmission would potentially be more likely with more infectious 

strains, particularly with constrained PPE supplies, or possibly less as immunity increased 

from both vaccination and prior infection.15

The study cohort is at risk of selection bias as the volunteer participants may exhibit 

behavior (diligent PPE use, strict social distancing, etc) that decreases their risk of infection 

relative to their nonstudy colleagues. Although the main study reported high protocol 

adherence, data on PPE use and staffing were self-reported, may be subject to recall bias, 

and may not reflect actual use.6 We based the low risk of SARS-CoV-2 transmission on 

cumulative time during which infected participants may have interacted with staff and 

patients. Although this low cumulative infection rate suggests low health care personnel-to-

health care personnel and patient-to-health care personnel transmission, a fuller assessment 

to include health care personnel-to-patient transmission would require extensive monitoring 

of patients for infection, including follow-up assessments on large numbers of ED patients, 
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molecular epidemiology, and contact tracing measures that were beyond the scope of the 

main project.

Our analysis likely overestimates the actual time infected health care personnel worked 

during their infective period.As defined, the infectivity window could take a wide range 

of values given our testing schedule. For example, our study would calculate an infectivity 

window of one month or more if the positive test occurred during the period of observation 

when testing was occurring every 4 weeks. It is not likely a worker would be infectious 

during this entire period.

It is also important to note that although we have presented our data and associated risks in 

terms of person weeks of potential exposure and use of PPE among health care personnel, 

we were not able to assess the effectiveness of PPE in preventing patient and staff exposures. 

Patients may contract COVID-19 infections despite the appropriate use of PPE, and there 

may be additional means of transmission that are not accounted for in our analysis.

DISCUSSION

Over a 20-week period of observation, spanning May through December 2020, our study 

suggests that infected ED health care personnel did not pose a significant threat to the 

delivery of emergency care. Although we did not determine infection rates across all ED 

staff at the various facilities, findings in the cohort we followed suggest that a driving factor 

was the low-provider infection rate. Although the ED is a high-risk environment, the number 

of COVID-19 infections among ED health care personnel was only 4.5%, a surprise given 

that this was the earliest part of the pandemic with no COVID-19 vaccine availability or 

widespread natural immunity. Assuming most infections lasted less than 2 weeks, the total 

person weeks of potential infection for all infected health care personnel was 148 weeks, 

representing just 0.5% of the 29,825 person weeks of care provided by the entire cohort.

To our knowledge, our study is the first to report on sickness presenteeism, or working while 

sick, in an ED health care personnel cohort during the COVID-19 pandemic. Presenteeism 

presents particular risk as intrastaff and staff-patient spread have been documented to be 

an important mode of transmission of SARS-CoV-2.16,17 We found that participants (83%) 

who experienced symptoms consistent with COVID-19 continued to work in the ED. Of 

those participants ultimately confirmed to have COVID-19 infection, only one did not 

work at least one shift during their infective period, and almost all (95%) continued to 

work until receiving laboratory confirmation. In comparison, Linsenmeyer et al,11 found 

favorably less presenteeism with symptoms (26%) and at COVID-19 diagnosis (50%) in an 

unselected health care personnel population over an observation period later in the pandemic 

(December 2020 to September 2021). Although it is possible a component of this difference 

relates to the ED ethos of always being available for the patient, these results do illustrate 

the difficulty of navigating presenteeism in the early part of a pandemic, of which our study 

is reporting. Specifically, there is less understanding of the natural course of disease, in 

particular, the risk of asymptomatic spread, which may cause workers to be less diligent 

with self-quarantine in the setting of mild or no symptoms. Additionally, lack of testing 

with immediate results (our RT-PCR turnaround time was up to 7 days) to direct quarantine 
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measures could increase the rate of presenteeism without strict quarantine during the waiting 

period. Although we did not include questions about why health care personnel continued 

to work with symptoms, prior studies, both before and during COVID-19, suggest that it 

may have as much to do with not wanting to call in sick and burden their fellow health care 

personnel with added patient care duties as concerns over available paid sick leave.18,19

Although such presenteeism has been associated with SARS-CoV-2 transmission, our 

findings of low-infection rates suggest transmission risk may have been mitigated by 

availability and adherence to universal masking.20 Although sites employed strategies to 

conserve PPE, no site reported running out during the project. Mohr et al6 reported excellent 

adherence by our entire cohort to CDC-recommended PPE use in clinical and nonclinical 

activities. When looking specifically at the COVID-19-infected participants, we found only 

a small percentage (1.3%) reported failing to employ appropriate masking measures. Our 

findings suggest that the cumulative interaction between infected health care personnel 

and others resulted in a negligible risk of transmission on the scale of public health 

emergencies. Previous studies have suggested that health care personnel often rationalize 

presenteeism on the basis that they know how to prevent transmission by taking appropriate 

precautions, such as self-masking18; our findings may be unique in lending support to 

this belief. However, these results are predicated on strict masking adherence and cannot 

be generalized to periods when masking requirements had been lifted, and COVID-19 

vaccination became available, there was increased acquired immunity from natural infection, 

and new SARS-CoV-2 variants emerged. These findings are particularly important for ED 

and hospital administration, especially in the setting of future pandemics. Leadership must 

adopt open communication and supportive staffing policies to address presentism and adopt 

strict masking policies when conditions of high transmissibility exist.

Similarly, COVID-19 symptoms and infections within the community and facilities had 

a very small effect on staffing, and facilities were generally able to maintain consistent 

levels. Reduced staffing during COVID-19 surges (with facility COVID-19 cases increasing 

above baseline levels by ≥50%) was rare, occurring in only a small fraction of weeks 

(3.4% for physicians, 2.2% for nurses, and 1.1% for nonclinical providers). The scatter 

plots illustrate random patterns of staffing with respect to COVID-19 burden and reveal 

poor associations between any staffing levels and COVID-19 levels, including facility and 

community COVID-19 burdens and time-shifted staffing. Specifically, participating centers 

did not increase or decrease future staffing in anticipation or as a consequence of COVID-19 

surges or declines.

There are several potential reasons staffing did not vary.Centers may have made staffing 

changes before the initiation of the study. Although we did not collect prestudy data on 

our centers, an observational study of 136 EDs by Pines et al21 demonstrated declines in 

physician and advanced practice provider hours of 15% and 20% in the period preceding our 

study’s enrollment. Our observation period did not include the Delta and Omicron waves, 

which were accompanied by headlines of hospital understaffing.22 By contrast, the episodic 

surges seen during our study period were relatively mild by comparison and may not have 

required sites to adjust staffing.23 It is possible that the sites included in this study may 

have made different staffing decisions during those phases of the pandemic. We did not 
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collect qualitative measures of staffing on facility surveys as part of the main project, and 

we are unable to discern whether the administrators at participating EDs considered their 

facilities adequately staffed during the survey period. Staffing decisions are multifactorial, 

and it is possible that sites maintained understaffed or overstaffed conditions relative to 

SARS-COV-2 volume during this timeframe.

Overall, our results demonstrate the cumulative incidence of COVID-19 among a cohort 

of ED health care personnel was low during the early stages of the pandemic. ED health 

care personnel who were ultimately diagnosed with COVID-19 exhibited a high rate 

of presenteeism. ED staffing did not fluctuate greatly during the study and showed no 

association with prevailing local COVID-19 levels.
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Editor’s Capsule Summary

What is already known on this topic

Asymptomatic health care workers with coronavirus disease 2019 (COVID-19) may 

infect others while on duty.

What question this study addressed

What was the prevalence of asymptomatic infection among emergency department (ED) 

staff during the first phase of the pandemic?

What this study adds to our knowledge

In this prospective surveillance study of 1,673 health care workers in 25 EDs, 4.5% of 

individuals tested positive for COVID-19 during weekly monitoring. Fifty-seven percent 

were asymptomatic, ie, working while sick.

How this is relevant to clinical practice

These historical data from the first phase of the pandemic are unlikely to apply to 

current COVID-19 variants and a widely vaccinated population; however, they may assist 

planning for future pandemics.

Weber et al. Page 12

Ann Emerg Med. Author manuscript; available in PMC 2024 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure. 
A strong association (positive correlation) between staffing and disease will appear as 

a clustering that moves from lower left of the graph up to the upper right. A negative 

relationship (negative correlation) will exhibit clustering that moves from the upper left 

corner of the graph and extends to the lower right corner. Spherical clustering and clustering 

that extends horizontally across the graph indicate that there is little relationship between 

staffing and disease burden.
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Table 1.

Background characteristics, Project COVERED, May-December 2020.

Sites Total

Emergency departments, n 25

Affiliation with ED residency, n (%) 25 (100%)

2019 ED visits, median (IQR) 73,000 (64,247–94,373)

ED beds pre-COVID-19, median (IQR) 68 (50–82)

Community COVID-19 incidence (cases per 100,000), median (IQR) 12.0 (6.8–19.0)

Staffing Total

Health care personnel enrolled, n 1,673

Number of hours staff physician coverage weekly, median (IQR) 504 (365–672)

Hours worked per week, mean (SD)

 MD/APP 32.5 (9.9)

 RN 35.0 (5.0)

 Clinical Staff 35.4 (8.1)

MD, medical doctor; RN, registered nurse; APP, advanced practice providers.
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