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Abstract

Objectives

Emergency department (ED) health care personnel (HCP) are at risk of exposure to SARS-
CoV-2. The objective of this study was to determine the attributable risk of SARS-CoV-2
infection from providing ED care, describe personal protective equipment use, and identify
modifiable ED risk factors. We hypothesized that providing ED patient care increases the
probability of acquiring SARS-CoV-2 infection.

Methods

We conducted a multicenter prospective cohort study of 1,673 ED physicians, advanced
practice providers (APPs), nurses, and nonclinical staff at 20 U.S. centers over 20 weeks
(May to December 2020; before vaccine availability) to detect a four-percentage point
increased SARS-CoV-2 incidence among HCP related to direct patient care. Participants
provided monthly nasal and serology specimens and weekly exposure and procedure infor-
mation. We used multivariable regression and recursive partitioning to identify risk factors.

Results

Over 29,825 person-weeks, 75 participants (4.5%) acquired SARS-CoV-2 infection (31
were asymptomatic). Physicians/APPs (aOR 1.07; 95% CIl 0.56—-2.03) did not have higher
risk of becoming infected compared to nonclinical staff, but nurses had a marginally
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increased risk (aOR 1.91; 95% CI 0.99-3.68). Over 99% of participants used CDC-recom-
mended personal protective equipment (PPE), but PPE lapses occurred in 22.1% of per-
son-weeks and 32.1% of SARS-CoV-2-infected patient intubations. The following factors
were associated with infection: household SARS-CoV-2 exposure; hospital and community
SARS-CoV-2 burden; community exposure; and mask non-use in public. SARS-CoV-2 intu-
bation was not associated with infection (attributable risk fraction 13.8%; 95% CI -2.0—
38.2%), and nor were PPE lapses.

Conclusions

Among unvaccinated U.S. ED HCP during the height of the pandemic, the risk of SARS-
CoV-2 infection was similar in nonclinical staff and HCP engaged in direct patient care.
Many identified risk factors were related to community exposures.

Introduction

As of May 2021, over 115,000 health care personnel (HCP) died of SARS-CoV-2 infection
worldwide [1, 2]. SARS-CoV-2 spreads primarily through close personal contact via droplets
and aerosol transmission, and front-line HCP, such as emergency department (ED) personnel,
are at particular risk [3]. According to serology screening prior to vaccine availability, the prev-
alence of SARS-CoV-2 infection among U.S. hospital-based HCP ranged from 1.1% to 36%,
with 38% of ED HCP not recognizing their infection and continuing to work [4, 5].

ED HCP may have additional risk due to unknown patient infection status, overcrowded
facilities lacking adequate ventilation, personal protective equipment (PPE) shortages, unex-
pected critically ill patient arrivals, and performance of life-saving aerosolizing procedures, such
as endotracheal intubation [6, 7]. Risk of acquiring infection after intubating a SARS-CoV-
2-infected patient has been estimated as high as 3% [8, 9]. Even after availability of SARS-CoV-
2 vaccination, the Omicron variant has led to widespread infection, primarily from immune
evasion, and SARS-CoV-2 infections in vaccinated HCP have been reported [10, 11]. The
COVID-19 pandemic threatens the adequacy of the HCP workforce through both patient-to-
HCP and HCP-to-HCP transmission, so optimizing infection mitigation strategies are critical.

Multiple cross-sectional studies have evaluated risk factors for ED HCP SARS-CoV-2
acquisition, with inconsistent findings for the risk attributable to occupational exposures [12-
14]. Therefore, we conducted a 20-week prospective surveillance study of U.S. ED HCP during
the height of the COVID-19 pandemic, prior to vaccine availability, and prior to emergence of
the Delta variant to 1) determine the attributable risk of infection from providing ED care,
especially related to high-risk procedures, 2) describe PPE use, and 3) identify modifiable
infection risk factors. We hypothesized that providing ED patient care increases the probabil-
ity of acquiring SARS-CoV-2 infection and that performing aerosol-generating procedures is a
specific risk factor.

Materials and methods
Study design, setting, and selection of participants

The COVID-19 Evaluation of Risks in Emergency Departments (Project COVERED) was a
multicenter prospective cohort study with 20 weeks of continuous observation and serial
SARS-CoV-2 serology and reverse transcription polymerase chain reaction (RT-PCR) testing
at 20 U.S. EDs at geographically diverse university-affiliated medical centers (protocol
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available in S1 File). Some sites started observation on May 13, with all sites completing obser-
vation by December 9, 2020. The U.S. Centers for Disease Control and Prevention (CDC)
reviewed this activity, which was conducted consistent with applicable federal law and CDC
policy [15]. All institutional review boards concurred with the activity being public health sur-
veillance, and HCP provided informed consent prior to their participation. This manuscript is
reported in accordance with the Strengthening the Reporting of Observational Studies in Epi-
demiology (STROBE) statement [16].

Through local advertising, we recruited approximately 80 ED HCP volunteers who had not
been previously diagnosed with SARS-CoV-2 infection at each site. Investigators attempted to
recruit 20 HCP from each of four cohorts: 1) physicians/advanced practice providers (APPs)
likely to intubate patients with SARS-CoV-2 infection; 2) physicians/APPs unlikely to intubate
SARS-CoV-2 patients; 3) nurses; and 4) non-clinical staff (including clerks, case managers, and
others without routine clinical contact). At enrollment, participants had SARS-CoV-2 serology
and RT-PCR on nasal swabs performed and anyone with a positive test result was excluded and
replaced with a test-negative HCP. We replaced participants who left a risk group (e.g., job
change) or were nonadherent with project procedures by another HCP within the same cohort.

Measurements

During the 20-week surveillance period, each participant completed a detailed baseline survey
that ascertained risk factors, routine PPE practices, and non-occupational exposures. Partici-
pants completed weekly surveys to track SARS-CoV-2 exposures, behavior changes, and non-
occupational exposures. Physicians/APPs completed a detailed report for every intubation and
cardiopulmonary resuscitation (CPR) in which they participated (defined as being within
three feet of the intubation or personally performing CPR) [17]. Guideline adherence was
defined as using PPE recommended by 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). During the first four weeks, all sites verified that >95% of intubation
and CPR events were reported, and monthly auditing ensured >95% capture rates.

Participants provided a blood sample and proctored self-administered nasal swab at enroll-
ment, week two, week four, then every four weeks through week 20, which we shipped to a
central laboratory (ARUP Laboratories, Salt Lake City, UT). Nasal swabs were analyzed by
SARS-CoV-2 RT-PCR. Anti-SARS-CoV-2 IgG (nucleocapsid phosphoprotein) was measured
using the Architect i2000 (Abbott Laboratories, Chicago, Illinois), with positive serology
results confirmed by orthogonal testing using a spike glycoprotein ELISA assay (EUROIM-
MUN, Lubeck, Germany). Positive RT-PCR results were confirmed with serology at three and
six weeks after the positive test. Participants reported RT-PCR tests performed outside the
study for clinical indications. Results were reported back to participants within 1 week of test
arrival at the central laboratory.

Site coordinators recorded SARS-CoV-2 test results for intubated and cardiac arrest
patients and weekly SARS-CoV-2 infection ED and hospital case counts. We collected weekly
cumulative community SARS-CoV-2 infection incidence from public health reports collated
from local health department data for each facility’s health service area [18].

Outcomes

Our primary outcome was new SARS-CoV-2 infection (symptomatic and asymptomatic)
defined as a positive nasal RT-PCR (on either a study test or confirmed from outside) or posi-
tive nucleocapsid and spike IgG assay serology.
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Analysis

We conducted our analyses at the participant time epoch level. We defined epochs using
RT-PCR and serology dates and represent the window during which a participant’s SARS--
CoV-2 exposure was most likely to affect a particular test result. We defined these time win-
dows a priori as the median time period from SARS-CoV-2 infection symptom onset to a
positive test, lagged by a median four day incubation period [19-21]. For each RT-PCR test,
the attributable epoch started three days before the prior RT-PCR test and extended to four
days before the current test to make epochs mutually exclusive. We defined serology epochs
from 11 days before the prior serology to 12 days before the current test (S1 Fig). We defined a
SARS-CoV-2—positive epoch by a positive RT-PCR test, unless the serology was positive
before an RT-PCR, in which case serology defined epoch dates.

We conducted analysis of HCP SARS-CoV-2 infection risk with 15 a priori-defined risk fac-
tors using regression modeling and recursive partitioning to explore which factors were inde-
pendently associated with infection. We selected potential risk factors based on extant
literature and study team consensus and included job cohort, infection risks related to occupa-
tional and non-occupational exposures, and PPE use (S1 Table).

We examined risk by epoch-specific exposures and adjusted for occupational and non-
occupational community factors. We used generalized linear mixed modeling (GLMM) and
recursive partitioning to assess risk of SARS-CoV-2 infection for individual, facility, and com-
munity fixed-effect factors within each ED HCP epoch (S2 File). We calculated attributable
risk fraction (AF) using adjusted odds ratio estimates from regression, where p, is exposure
prevalence), and we interpreted AF as the fraction of total SARS-CoV-2 infections attributable
to a particular risk factor [22, 23].

Missing or delayed RT-PCR or serology testing resulted in some epochs spanning greater
than four weeks. If survey data were missing, we carried exposure variables into the subsequent
week. We assumed complete reporting of intubation data with multiple verifications, so we
did not adjust for missing reports. We classified any intubated or cardiac arrest patient with
no SARS-CoV-2 test performed as not having SARS-CoV-2 infection, and we conducted an a
priori-defined sensitivity analysis excluding intubations and cardiac arrest cases in which no
SARS-CoV-2 test was performed.

We estimated the sample size to detect a four-percentage point increased risk for a partici-
pant to develop a new infection between clinical and non-clinical cohorts (e.g., clinical ED
HCP participating in aerosol-generating procedures versus nonclinical staff), assuming a 1%
non-occupational SARS-CoV-2 acquisition risk over 20 weeks. Assuming 25% loss-to-follow-
up and within-site clustering, we estimated we needed 1600 participants to have 90% power to
detect this attributable risk (0.2% additional risk per person-week).

We performed all analyses using SAS v.9.4 software (SAS Institute, Cary, NC). We summa-
rized categorical results using summary statistics (e.g., medians, ranges) and used point esti-
mates and 95% Cls to describe infection incidence. We defined statistical significance as
p<0.05 for comparison of SARS-CoV-2 infection incidence between ED HCP groups and the
non-clinical cohort. We used differences and 95% Cls to describe secondary incidence com-
parisons, including by epoch and with risk factor adjustment.

Results

We enrolled 1,673 ED HCP, who accounted for approximately 21% of all HCP (Fig 1). ED
annual visits ranged from 33,000 to 247,519 by site (2019 data). All sites had emergency medi-
cine residency programs (S2 Table). Weekly cumulative community SARS-CoV-2 infection
incidence at sites ranged from 5.8 to 31.3 cases per 100,000 population during the study period
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Total Eligible ED HCP in Participating Sites
n=6,788

Initial Enrollment
n=1,606

Baseline Positive COVID-19
n=34

Baseline Replacements
n=34

Ineligible or Early Non-Adherent

n=25
Baseline Surveillance Cohort
n=1,581

—
o
g Withdrawn
O n=1673 n=152
o Physicians: 687
W APPs: 157 Replacements
) Nurses: 417
: Nonclinical Staff: 412 n=92
<
2
<

Final Surveillance Cohort
n=1,542

Fig 1. Screening and enrollment. The final analysis cohort had 1,673 participants who contributed 29,825 person-
weeks of observation. Baseline Positive COVID-19 was defined as a positive reverse-transcription polymerase chain
reaction (RT-PCR) or a positive SARS-CoV-2 anti-nucleocapsid IgG antibody, and any HCP with a positive baseline
test was withdrawn and replaced in the surveillance cohort. ED, emergency department; HCP, health care personnel;
APP, advanced practice provider.

https://doi.org/10.1371/journal.pone.0271597.9001

(S2 Fig). Participants contributed 29,825 person-weeks of observation divided into 8,752
epochs (Table 1, S3 Table). The survey completion rate across all participants and time periods
was 89.8%; 91.0% of SARS-CoV-2 blood and nasal samples were collected within four days of
the expected date. Physicians/APPs reported 4,439 distinct intubations and cardiac arrests, of
which 3,765 (84.8%) patients were tested for SARS-CoV-2. SARS-CoV-2 infection was con-
firmed in 281 (7.5%) patients, and 53.0% of SARS-CoV-2 positives were unknown at the time
of ED treatment.
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Table 1. Baseline characteristics and time-varying risk of emergency department health care personnel by epoch, United States, May-December 2020.

Physicians and Advanced Practice Providers Nurses Non-Clinical
Staff
Characteristic Intubation or cardiac No intubation or cardiac Intubation or cardiac No intubation or cardiac (n=2,171
arrest care during an arrest care during an arrest care during an arrest care during an person-
epoch (n = 1,766 person- | epoch (n =2,590 person- | epoch (n =956 person- | epoch (n = 1,256 person- epochs)
epochs) epochs) epochs) epochs)
OCCUPATIONAL FACTORS
Job category, n (%)
Staff physicians 914 (51.5) 1,110 (42.9) N/A N/A N/A
Resident/Fellows 837 (47.1) 653 (25.2) N/A N/A N/A
APP (PA/NP) 25(1.4) 827 (3.9) N/A N/A N/A
Nurse N/A N/A 956 (100) 1,256 (100) N/A
Unit clerk/Registration clerk/ N/A N/A N/A N/A 784 (36.4)
Financial clerk
Social worker/Case manager N/A N/A N/A N/A 385(17.9)
Pharmacist N/A N/A N/A N/A 137 (6.4)
Other non-clinical staff N/A N/A N/A N/A 865 (39.8)
Years since professional school 9.2(9.3) 10.3 (9.5) 9.2(7.8) 9.1 (8.0) N/A
(physician/APP, nurse), mean
(SD)
Work hours per week, mean 28.8 (14.7) 24.1 (15.0) 36.1(10.2) 33.0 (12.4) 32.4(13.9)
(SD)
Other employment in health 154 (8.7) 320 (12.4) 148 (15.5) 143 (11.4) 129 (5.9)
care, n (%)
DEMOGRAPHICS
Age, median (IQR) years 33 (30-41) 36 (30-45) 33 (28-41) 34 (28-44) 41 (32-53)
Gender, n (%)
Male 1,138 (64.1) 1,226 (47.3) 196 (20.5) 203 (16.1) 446 (20.5)
Female 634 (35.7) 1,353 (52.2) 751 (78.6) 1,041 (82.7) 1,719 (79.2)
Nonbinary 4(0.2) 12 (0.5) 9(0.9) 15(1.2) 6(0.3)
Race, n (%)
White 1,514 (85.2) 2,113 (81.6) 822 (8.0) 1,078 (85.6) 1,556 (71.7)
Black 47 (2.6) 144 (5.6) 37 (3.9) 56 (4.4) 342 (15.8)
Asian 195 (11.0) 285 (11.0) 77 (6.4) 78 (6.2) 138 (6.4)
Another race 10 (0.6) 48 (1.9) 20 (2.1) 44 (3.5) 135 (6.2)
Hispanic or Latino, n (%) 95 (5.5) 182 (7.3) 83 (9.0) 117 (9.6) 354 (16.7)
MEDICAL HISTORY
Comorbidities, n (%)
Asthma 169 (9.5) 270 (10.4) 107 (11.2) 148 (11.8) 303 (14.0)
Hypertension 115 (6.5) 268 (10.3) 51 (5.3) 73 (5.8) 351 (16.2)
Diabetes mellitus 35 (2.0) 53 (2.0) 21(2.2) 31 (2.4) 156 (7.4)
Autoimmune disease 77 (4.3) 136 (5.3) 56 (5.9) 49 (3.9) 119 (5.5)
Immune Suppression 43 (2.4) 33(1.3) 48 (5.0) 26 (2.1) 92 (4.2)
Smoking, n (%)
Current smoker 7(0.4) 13 (0.5) 63 (6.6) 81 (6.4) 165 (7.6)
Former smoker 92(5.2) 195 (7.5) 125 (13.1) 25(19.9) 444 (20.5)
Never smoker 1,645 (92.6) 2,334 (90.1) 748 (78.2) 908 (72.1) 1,489 (68.6)
RISK FACTORS, n (%)
CDC-adherent workplace PPE 1767 (99.5) 2577 (99.5) 954 (99.8) 1251 (99.4) 2171 (100)
use (routine care)
(Continued)
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Table 1. (Continued)

Physicians and Advanced Practice Providers Nurses Non-Clinical
Staff
Characteristic Intubation or cardiac No intubation or cardiac Intubation or cardiac No intubation or cardiac (n=2,171
arrest care during an arrest care during an arrest care during an arrest care during an person-
epoch (n = 1,766 person- | epoch (n = 2,590 person- | epoch (n=956 person- | epoch (n= 1,256 person- epochs)
epochs) epochs) epochs) epochs)
CDC-adherent workplace PPE 1775 (99.9) 2589 (100) 956 (100) 1255 (99.7) 2171 (100)
use (COVID-19 care)
CDC-adherent workplace PPE 1775 (99.9) 2587 (99.9) 956 (100) 1255 (99.7) 2171 (100)
Use (COVID-19 aerosol-
generating procedures)
Workplace PPE shortages 700 (39.4) 1032 (39.9) 293 (30.7) 416 (33.0) 2171 (100)
Workplace PPE re-use 1439 (81.0) 2101 (81.1) 727 (76.1) 1060 (84.2) 0(0)
Household COVID-19 10 (0.6) 5(0.2) 5(0.5) 12 (1.0) 14 (0.6)
exposure
Attended mass gatherings 411 (23.1) 490 (18.9) 259 (27.1) 326 (25.9) 416 (19.2)
Used public transportation 249 (14.0) 353 (13.6) 144 (15.1) 190 (15.1) 268 (12.3)
Personal mask use in 954 (53.7) 1454 (56.1) 462 (48.3) 587 (46.6) 1554 (71.6)
community
Hospital COVID-19 cases 65 (3.7) 103 (4) 32(3.4) 56 (4.5) 72 (3.3)
(>100/week)
Community cumulative 513 (28.9) 479 (18.5) 248 (25.9) 248 (19.7) 528 (24.3)
COVID-19 incidence (>15/
100,000 population)
Weekly COVID-19 patients 1.5 (0.9) 1.1 (0.8) 1.3 (0.7) 1.1 (0.8) 0 (0)
treated per week, mean (SD)
Hospital COVID-19 cases, 27.6 (28.3) 25(29.1) 28.4 (28.3) 24.9 (29.1) 27.1(28.5)
mean (SD)
Community cumulative 12.7 (10.8) 10.5 (9.3) 13 (12.5) 10.7 (8.5) 12.1 (11.5)

COVID-19 Incidence, mean (SD)

Emergency department (ED) health care personnel (HCP) are stratified by time-epoch. Participation in intubation or cardiac arrest care required that the HCP be
within three feet of the patient’s mouth during intubation or cardiac arrest care. Because some risk categories are time-varying, participants may be included in different
categories for different time periods. Other employment in healthcare means that the participant had another healthcare job in a non-COVERED site. APP, advanced
practice provider; PA, physician assistant; NP, nurse practitioner; SD, standard deviation; N/A, not applicable.

https://doi.org/10.1371/journal.pone.0271597.t001

Personal protective equipment use and risk

Based on weekly surveys, clinical staff commonly reported masking at all times while working
in the ED (96.9% of person-weeks). HCP used surgical masks routinely in 18,009 (80.5%) per-
son-weeks for non-clinical activities and 17,785 (79.5%) person-weeks for non- SARS-CoV-2
infection patient care. For care of COVID-19 patients, N95 (or higher) masks were used rou-
tinely in 18,836 (85.4%) person-weeks and in 19,396 (86.7%) person-weeks during an aerosol-
generating procedure (S3 Fig). Clinical HCP reported lapses in SARS-CoV-2 infection PPE
use (defined as caring for a SARS-CoV-2 patient without at least a surgical mask and gloves) in
4,944 (22.1%) person-weeks.

In the procedure-level analysis of physicians/APPs SARS-CoV-2 patient intubations or
CPR, 314 (90.8%) of 346 HCP used N95 masks or powered air-purifying respirators (PAPR),
293 (84.7%) used eye protection, and 294 (85.0%) used gowns. Guideline-adherent PPE
(gown, eye protection, and N95 mask or PAPR) use occurred in 235 events (67.9%) and was
not higher when the care team knew a patient had SARS-CoV-2 infection prior to the
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Workplace PPE Shortages
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Fig 2. Occupational and community COVID-19 infection risk in emergency department health care personnel,
United States, May-December 2020. This graph shows the percentage of participant epochs with each of the a priori-
defined risk factors. Risk factor definitions are summarized in S1 Table. CDC, Centers for Disease Control and
Prevention, CDC; AGP, aerosol-generating procedures; PPE, personal protective equipment; HCP, health care personnel.

https://doi.org/10.1371/journal.pone.0271597.9002

procedure (68.1% vs. 69.3%; OR 0.97; 95% CI, 0.60-1.54). Adherence with CDC-recom-
mended PPE use and community exposures are shown in Fig 2.

Twenty-four (96%) of the 25 EDs had periods in which at least one participant reported
inadequate PPE and, in all facilities staff reused single-use PPE because of supply shortages (52
Table). Outside of work, participants commonly reported (69.2% of person-weeks) universal
masking in public (54 Table).

ED HCP risk of acquiring SARS-CoV-2 infection

During the 20-week surveillance period, 75 (4.5%) HCP developed SARS-CoV-2 infection,
with site-specific incidence ranging from 0% to 9.4%. SARS-CoV-2 infection developed in 29
0f 417 (7.0%; 95% CI, 48% —10.1%) nurses, 31 of 844 (3.7%; 95% CI, 2.3% -6.0%) physicians/
APPs, and 15 of 412 (3.7%; 95% CI, 2.0% —6.8%) non-clinical ED HCP. Among those infected,
31 (41%) remained asymptomatic. Characteristics of HCP who developed SARS-CoV-2 infec-
tion are listed in S5 Table.

HCP COVID-19 risk factors

In our multivariable regression model, the following epoch factors were independently associ-
ated with COVID-19 infection: 1) household SARS-CoV-2 exposure (aOR 16.34; 95% CI,
5.79-46.09); 2) hospital SARS-CoV-2 case count (aOR 3.28; 95% CI, 1.68-6.40); 3) community
SARS-CoV-2 infection cumulative incidence (aOR 3.21; 95% CI 1.95-5.29); and 4) community
SARS-CoV-2 exposure (aOR 2.38; 95% CI 1.24-4.54) (S6 Table). Adjusted odds ratios for phy-
sicians (aOR 1.07; 95% CI, 0.56-2.03) and nurses (aOR 1.91; 95% CI, 0.99-3.68) relative to
non-clinical staff did not achieve statistical significance (Table 2). Using recursive partitioning,
we found the following factors associated with COVID-19 infection: 1) hospital SARS-CoV-2
volume; 2) community SARS-CoV-2 infection cumulative incidence; and 3) lack of personal
mask use outside of work, and these 3 factors explained 63 (84.0%) of HCP infections (S7
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Table 2. Unadjusted and adjusted COVID-19 infection risk in emergency department health care personnel by exposure type, United States, May-December 2020.

Risk Factor

Physician/APP

Physician/APP who
intubated during the
study

Physician/APP who
intubated during a risk
epoch

Physician/APP who
intubated an RT-PCR-
confirmed COVID-19
patient during the
study

Physician /APP who
intubated an RT-PCR-
confirmed COVID-19
patient during a risk
epoch

Nurse

Nurse who was
involved with
intubation during the
study

Nurse who was
involved with
intubation during a
risk epoch

Comparator group Percentage with risk Percentage in comparator | Unadjusted | Adjusted Adjusted
factor who developed group who developed OR (95% CI) | OR (95% Attributable
COVID-19 (no. of epochs | COVID-19 (no. of epochs CI) Fraction (95%
with risk factor/total without risk factor/total CI)
epochs at risk, %) epochs at risk, %)

Nonclinical Staff 31/4366, 0.71% 15/2171, 0.69% 1.03 (0.55- 1.07 (0.56— 4.3% (-41.5%,
1.91) 2.03) 40.7%)

Physician/APP who did not 23/3169, 0.73% 8/1197,0.67% 1.09 (0.49- 1.09 (0.47- 6.4% (-62.9%,

intubate during the study 2.45) 2.56) 53.1%)

Physician/APP who did not 20/1779,1.12% 11/2590, 0.42% 2.66 (1.26— 2.17 (1.02- 32.2% (0.7%,

intubate during a risk epoch 5.61) 4.62) 59.6%)

Physician/APP who intubated a 9/1038, 0.87% 14/2131, 0.66% 1.33 (0.58- 0.91 (0.40- -3.1% (-24.7%,

patient during the study but did 3.07) 2.09) 26.3%)

NOT intubate an RT-PCR-

confirmed COVID-19 patient

during the study

Physician/APP who intubated a 6/243,2.47% 14/1533,0.91% 2.77 (1.04- 2.17 (0.85- 13.8% (-2.0%,

patient during a risk epoch but 7.36) 5.51) 38.2%)

did not intubate an RT-PCR-

confirmed COVID-19 patient

during that risk epoch

Nonclinical Staff 29/2215,1.31% 15/2171, 0.69% 1.92 (1.03- 1.91 (0.99- 31.6% (-0.3%,
3.57) 3.68) 57.5%)

Nurse who was not involved 24/1681, 1.43% 5/534, 0.94% 1.54 (0.59- 1.52 (0.57- | 28.2% (-49.1%,

with intubation during the 4.07) 4.07) 70.0%)

study

Nurse who was not involved 13/956, 1.36% 16/1259, 1.27% 1.07 (0.51- 1.10 (0.52- 4.0% (-26.2%,

with intubation during a risk 2.25) 2.32) 36.3%)

epoch

Risk of developing COVID-19 was adjusted for hospital COVID-19 volume, community COVID-19 cumulative incidence, household COVID-19 exposure, and high-

risk community COVID-19 exposure. For study-level exposures, participants were assigned to a risk group if they intubated during the entire 20-week study and, for

epoch-level exposures, participants were assigned only if they intubated during the risk epoch. OR, odds ratio; 95% CI, 95% confidence interval.

https://doi.org/10.1371/journal.pone.0271597.t1002

Table). Adjusted for identified risk factors in our regression model, risk of SARS-CoV-2 infec-
tion stratified by job category is described in Fig 3. Occupational PPE use was not significantly
associated with infection.

Aerosol-generating procedure risk

SARS-CoV-2 infection developed in 9 (4.4%) of 205 physicians/APPs who performed intuba-
tion or cardiac arrest care for a SARS-CoV-2 patient and 22 (3.4%) of 639 physicians/APPs
who did not perform these procedures for a SARS-CoV-2 patient (difference 0.9%; 95% CI, -
2.7-4.6%). Adjusting for other risk factors, SARS-CoV-2 infection risk was not higher for phy-
sicians/APPs in the relevant epoch after they intubated a SARS-CoV-2 patient compared with
physicians/APPs who intubated only patients without SARS-CoV-2 infection (AF 13.8%; 95%
CIL -2.0-38.2%), but it was higher than non-clinical HCP (aOR 2.75, 95% CI 1.08-6.99). Physi-
cians/APPs performing intubations during risk epochs (versus not performing intubations)
had higher infection risk (AF 32.2%; 95% CI, 0.7-59.6%) (Table 2, S6 Table). Six of 31 total
SARS-CoV-2-infected physicians/APPs intubated or provided cardiac arrest care for a
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Fig 3. Adjusted COVID-19 infection risk in emergency department health care personnel stratified by job type
and intubation, United States, May-December 2020. These graphs show the unadjusted and adjusted attributable
risk point estimates, and error bars show the upper and lower bounds of the 95% confidence intervals. Adjusted
estimates account for household and community COVID-19 exposure, number of in-hospital COVID-19 cases, and
community COVID-19 incidence. A. Risk of HCP COVID-19 infection shown within each of three job categories. B.
Risk of HCP COVID-19 infection shown within categories of risk and intubation/cardiac arrest care risk assigned
within each participant time-epoch. Note that risk was assigned at the epoch-level, so one participant may have
contributed epochs in the intubation risk category when intubations were performed and in the non-intubation risk
category when no intubations were performed. Not intubating represents the risk in epochs during which no
intubation or cardiac arrest care was reported. Intubating, not COVID-19 represents the risk in epochs during which
only non-COVID-19 intubations or cardiac arrest care was reported. For nurses, all intubation and cardiac arrest care
is represented in this category since no stratification was performed. Intubating, COVID-19 represents risk in epochs
during which any RT-PCR-confirmed COVID-19 patients had intubation or cardiac arrest care. APP, advanced
practice provider. cases per 10,000 person-weeks, number of COVID-19 infections identified per 10,000 person-weeks of
observation.

https://doi.org/10.1371/journal.pone.0271597.9003
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SARS-CoV-2 patient in a relevant epoch, including two who performed this care without
guideline-adherent PPE (S5 Table). SARS-CoV-2 infection was not associated with intubation
or cardiac arrest care among participating nurses (AF 4.0%; 95% CI, -26.2-36.3%). The sensi-
tivity analysis excluding intubation or cardiac arrest patients without SARS-CoV-2 testing
revealed similar results.

Discussion

Over 20 weeks of prospective surveillance of high-risk ED HCP with routine recommended
PPE use during the height of COVID-19 pandemic in 2020, prior to vaccine availability, and
prior to emergence of the Omicron variant, we identified the strongest risks for SARS-CoV-2
infection. These included household and community exposures (people in the home or com-
munity with a respiratory illness suspected or confirmed to be SARS-CoV-2 infection), hospi-
tal case count, and mask non-use in public. Intubation and cardiac arrest care of SARS-CoV-2
patients appeared to be associated with an incremental risk of SARS-CoV-2 infection, but the
low frequency of these events did not translate into detectable increased risk for HCP during
the surveillance period. Our finding that nonclinical staff had infection rates similar to clinical
HCP is consistent with risk primarily from community and hospital exposure as opposed to
direct patient care, including performing aerosolizing procedures. However, it is important to
note that nurses still had the highest absolute SARS-CoV-2 infection risk.

Even though SARS-CoV-2 vaccination is now available, low worldwide vaccination cover-
age, increasing concern about novel SARS-CoV-2 variants, and waning vaccination immunity
suggest that infection prevention measures among HCP remain critical. ED HCP have a high
risk of SARS-CoV-2 exposure and many remain unvaccinated [1, 2, 24]. Our findings align
with prior work, suggesting that HCP who use recommended PPE within the context of a
comprehensive infection prevention program can effectively protect themselves from occupa-
tional SARS-CoV-2 infection [25, 26].

HCP have been previously identified as a high-risk cohort, but the impact of occupational
exposure, including performing high-exposure procedures, may have been attenuated with
increasing familiarity with precautions and PPE use [25, 27, 28]. Emergency intubation was
recognized as a high-risk exposure for nosocomial SARS-1 transmission (aOR 2.79; 95% CI
1.40-5.58) during the Toronto outbreak in 2003, and it is widely thought to confer risk of
SARS-CoV-2 transmission [29-31]. In an analysis of the international intubateCOVID registry
using self-reported data, SARS-CoV-2 infection was identified in 8.5% of HCP within 21 days
after their first reported intubation procedure, and transmission was unrelated to PPE use [8].
Our data suggest that this risk, if present, is very small among a cohort that frequently used air-
borne, contact, and droplet precautions.

Our findings suggest that the greatest infection risk may not arise from specific procedures
or from clinical care when using appropriate infection control measures and PPE; it may come
from being in an environment with patients, family members, and staff infected with SARS--
CoV-2. We showed previously, and confirmed in this study, that HCP with SARS-CoV-2 were
often asymptomatic, which has substantial relevance to PPE use and staff-to-staff infection
mitigation strategies [5]. In fact, staff-to-staff transmission has previously been shown to be an
important route of HCP transmission [32]. SARS-CoV-2 can propagate efficiently through the
hospital environment [33]. Among hospitalized patients with asymptomatic SARS-CoV-2
infected roommates, nearly 40% contracted SARS-CoV-2 infection after a median of only 18
hours of exposure [6]. Furthermore, the risk to HCP from work is not just occupational risk.
During the period of the study, it also included exposures due to commuting, being in a hospi-
tal environment where social distancing is difficult, and PPE shortages, which were reported
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in most site hospitals—all risks borne by clinical and nonclinical ED staff. While data collec-
tion was completed prior to the widespread COVID-19 vaccine availability, this non-occupa-
tional risk suggests that community and COVID-19 vaccination and mitigation strategies may
play important roles in protecting HCP and their patients and helping to keep healthcare sys-
tems functional during a pandemic [34].

Although we found nurses to have the highest absolute SARS-CoV-2 infection risk, the rela-
tive risk did not reach statistical significance. Nurses have previously been shown to commonly
acquire SARS-CoV-2 infection [7, 9, 35, 36]. Nurses have higher cumulative time at the bed-
side, which may contribute to risk—a factor identified in nurses who treated SARS-1 patients
during the Toronto outbreak [37].

Finally, there were frequent lapses in occupational PPE use, and community mask use was
imperfect. HCP worldwide during this period redefined their longstanding work practices
based on changing guidance for personal protection. Barriers to PPE use, shortages, and
uncertainty around re-use have previously been identified [38]. These frequent lapses may jus-
tify revised PPE procedures and training from public health authorities and employers to
improve HCP safety in future outbreaks.

This study has limitations. Although we had high study procedure adherence, we relied
on self-reported exposure data. Fifteen percent of intubation and cardiac arrest patients were
not tested for SARS-CoV-2, allowing some misclassification. We enrolled HCP from diverse
clinical settings, but all were at academic centers. Our non-clinical population was used to
approximate the risk of clinical care, but they may have had higher or lower risk than the
general population. We enrolled our planned sample, but our assumptions underestimated
the burden of SARS-CoV-2 infection in our cohort. We used explanatory modeling alone to
identify factors associated with SARS-CoV-2 transmission, leaving the possibility of overfit-
ting in our models, but we used only a priori-defined factors and limited our variables to
improve reproducibility of our findings. Finally, the highly infectious SARS-CoV-2 Delta
(B.1.617.2) and Omicron (BA.1, BA.1.1, BA.2) variants were not present at the time of our
study.

In conclusion, risk of SARS-CoV-2 infection was similar in nonclinical staff and ED HCP
engaged in direct clinical care during the height of the COVID-19 pandemic in the United
States in 2020, despite frequent exposure of clinical ED HCP to high-risk aerosol-generating
procedures. The most important infection risk factors affect both nonclinical staff and clinical
HCP and include household and community exposures, hospital case counts, and mask non-
use in public. PPE availability and use were generally good but imperfect, and infections were
often asymptomatic. This work reinforces the importance of universal HCP vaccination and
ongoing community mitigation and vaccination strategies. Future work should focus on com-
prehensive prevention strategies to maintain PPE availability to ensure a healthy HCP work-
force, protect patients, and maintain adequate health system capacity.

Supporting information

S1 Fig. Definition of time epochs used for risk factor analysis.
(PDF)

S2 Fig. SARS-CoV-2 activity at participating centers.
(PDF)

S3 Fig. Personal protective equipment use in emergency departments, percentage by per-
son-week over study period.
(PDF)

PLOS ONE | https://doi.org/10.1371/journal.pone.0271597  July 22, 2022 12/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s003
https://doi.org/10.1371/journal.pone.0271597

PLOS ONE

COVID-19risk in ED personnel

S1 Table. Detailed definitions of candidate risk factors for sars-cov-2 infection in emer-
gency department health care personnel.
(PDF)

$2 Table. Characteristics of participating emergency departments.
(PDF)

S3 Table. Baseline characteristics of participants.
(PDF)

$4 Table. Non-occupational exposures of participants by job category.
(PDF)

S5 Table. Characteristics of participants who developed SARS-CoV-2 infection during the
risk epoch.
(PDF)

S6 Table. Multivariable regression models for risk factor analysis.
(PDF)

§7 Table. Recursive partitioning analysis.
(PDF)

S1 File. COVID Evaluation of Risk for Emergency Departments (COVERED) project:
Project protocol.
(PDF)

$2 File. Supplemental statistical procedure.
(PDF)

Acknowledgments

The authors would like to acknowledge the following participating Project COVERED emer-
gency departments: Allegheny General Hospital, Pittsburgh, PA; Baystate Medical Center,
Springfield, MA; Denver Health, Denver, CO; Detroit Receiving Hospital/Sinai-Grace Hospi-
tal, Detroit, MI; Hennepin County Medical Center, Minneapolis, MN; Jackson Memorial Hos-
pital, Miami, FL; Johns Hopkins Medical Institute, Baltimore, MD; University Medical Center,
New Orleans, LA; Mount Sinai Hospital/Elmhurst Hospital Center, New York, NY; Orlando
Regional Medical Center, Orlando, FL; University of Alabama at Birmingham Hospital, Bir-
mingham, AL; Ronald Reagan-UCLA Medical Center/Olive View-UCLA Medical Center, Los
Angeles, CA; University of Iowa, Iowa City, IA; University of Massachusetts Memorial Medi-
cal Center, Worcester, MA; University of Mississippi Medical Center, Jackson, MS; UCSF
Zuckerberg San Francisco General, San Francisco, CA; UT Southwestern Medical Center, Dal-
las, TX; Parkland Memorial Hospital, Dallas, TX; University Health/UMKC, Truman Medical
Center, Kansas City, MO; Thomas Jefferson University, Philadelphia, PA; and Washington
University Barnes-Jewish Hospital, St. Louis, MO.

The authors would also like to acknowledge the following individuals: Aishat Adeyemi, BA,
Lisa Allen, MPH, Gregory Almonte, Otuwe Anya, MS, Paula Arellano-Cruz, BS, Ruzana Aro-
nov, Danielle Beckham, MSN, Lauren Buck, BS, Samuel Ceckowski, BS, Maxime Centeno, BS,
Virginia, Chan, BS, Anna Marie Chang, MD, Melissa Connor, RN, Amy Dakos, Gabriella
Dashler, BS, Jenna Davis, MSN, Cynthia Delgado, BS, Veronica Delgado PA, Brianna
DiFronzo, Radhika L Edpuganti, BS, Alyssa Espinera, MD, Fresa Estevez, BA, Shelly Ann
Evans, MBA, Cathy Fairfield, BSN, Phillip Fairweather, MD, Theodore Falcon, BS, Brian M.

PLOS ONE | https://doi.org/10.1371/journal.pone.0271597  July 22, 2022 13/16


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s004
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s005
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s006
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s007
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s008
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s009
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s010
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s011
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0271597.s012
https://doi.org/10.1371/journal.pone.0271597

PLOS ONE

COVID-19risk in ED personnel

Fuller, MD, David Gallegos, BBA, Samuel Ganier, MD, Stephanie Gravitz, MPH, Jeffrey Harri-
son, RN, Kyle Herbert MD, Judy Hermans, MPH, Emily Hopkins, MSPH, Alan Jones, MD,
Kia M. Jones, DrPH, Momina Khan, BS, Karin Hoth, PhD, Laura Iavicoli, MD, Robin Kem-
ball, MPH, Laurie Kemble, BHSRT, Stuart Kessler, MD, Catherine Lind, NP, Karina Loayza,
LCSW, Carol Lynn Lyle, PA, Virginia B. Mangolds, MS, Hannah Makarevich-Manilla, MPH,
Thomas Mazzocco, RN, Sarah Meram, MS, Valerie H. Mika, MS, Reynaldo Padilla, BA, Gia-
como Passaglia, BS, Rebekah Peacock, BSN, Danielle Perez, BS, Kye E. Poronsky, MA, Eric
Raines, EMT-P, Monica N. Ramage, MSN, Kavita Rampertaap MSN, Sarah Reineck, BS,
Nicole Renzi, RN, Erin P. Ricketts, MSPH, Stephanie Rodriguez, MA, Justin Sabol, BS, Valeria
Samame, BA, Katie Schneider, MSN, Robert Sellman PA, Kristine Sernulka BSN, Edward
Sheriff, PhD, Jennifer Siller, DNP, Colleen Smith, MD, Timothy Smith, BS, Kelly Szabo, MPH,
Adam D. Talan, BA, Meghan Tinetti BSN, Denise Tritt, CIM, CRCP, Julia Vargas, BS, Samuel
Vargas, BS, Kavey Vidal, BS, Lori Wilkerson, RN, Darleen Williams, DNP, Sallie Anne Wright,
MPH, and Isaias Yin, LVN.

The Project COVERED Emergency Department Network includes the following: Monica
Bahamon, MPH, Jestin N. Carlson MD, Makini Chisolm-Straker, MD, Brian Driver, MD,
Brett Faine, Pharm D, Brian M. Fuller, MD, James Galbraith, MD, Philip A. Giordano, MD,
John P. Haran, MD, Amanda Higgins, MS, Jeremiah Hinson, MD, Stacey House, MD,
Ahamed H. Idris, MD, Efrat Kean, MD, Elizabeth Krebs, MD, Michael C. Kurz, MD, Lilly Lee
SM, Stephen Y. Liang, MD, Stephen C. Lim, MD, Gregory Moran, MD, Utsav Nandi, MD,
Kavitha Pathmarajah, MPH, James H. Paxton MD, Yesenia Perez, BA, Lynne D. Richardson,
MD, Robert M. Rodriguez MD, Richard Rothman, MD, Jessica Shuck, BA, Patricia Slev, MD,
Howard A. Smithline, MD, Michelle St. Romain, MD, Kimberly Souffront, PhD, Mark T.
Steele, MD, Amy Stubbs, MD, Morgan B. Swanson, BS, Josh Tiao, MD, Jesus R. Torres, MD,
Stacy A. Trent MD, Lisandra Uribe, BS, Arvind Venkat, MD, Gregory Volturo, MD, Kelli Wal-
lace, MS, Kurt D. Weber, MD, and James Willey, MD. The lead author of this authorship
group is Nicholas Mohr, MD (nicholas-mohr@uiowa.edu).

Author Contributions

Conceptualization: Nicholas M. Mohr, Anusha Krishnadasan, L. Clifford McDonald, Preeta
K. Kutty, Scott Santibanez, David N. Weissman, David A. Talan.

Formal analysis: Nicholas M. Mohr, Karisa K. Harland, Patrick Ten Eyck, William R. Mower,
Juan Carlos C. Montoy, David A. Talan.

Funding acquisition: Nicholas M. Mobhr, L. Clifford McDonald, Preeta K. Kutty, Elisabeth
Hesse, Scott Santibanez, David N. Weissman, David A. Talan.

Investigation: Nicholas M. Mohr, Anusha Krishnadasan, Karisa K. Harland, William R.
Mower, Walter A. Schrading, Juan Carlos C. Montoy, L. Clifford McDonald, Preeta K.
Kutty, Elisabeth Hesse, David A. Talan.

Methodology: Nicholas M. Mohr, Patrick Ten Eyck, Patricia Slev, David A. Talan.
Project administration: Nicholas M. Mohr, Anusha Krishnadasan, Karisa K. Harland.
Resources: L. Clifford McDonald, Patricia Slev, David A. Talan.

Supervision: Nicholas M. Mohr.

Writing - original draft: Nicholas M. Mohr, David A. Talan.

PLOS ONE | https://doi.org/10.1371/journal.pone.0271597  July 22, 2022 14/16


https://doi.org/10.1371/journal.pone.0271597

PLOS ONE

COVID-19risk in ED personnel

Writing - review & editing: Anusha Krishnadasan, Karisa K. Harland, Patrick Ten Eyck, Wil-

liam R. Mower, Walter A. Schrading, Juan Carlos C. Montoy, L. Clifford McDonald, Preeta
K. Kutty, Elisabeth Hesse, Scott Santibanez, David N. Weissman, Patricia Slev.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

Ghebreyesus T. Director-General’s opening remarks at the World Health Assembly [24 May 2021]
2021 [https://www.who.int/director-general/speeches/detail/director-general-s-opening-remarks-at-the-
world-health-assembly—24-may-2021.

Mazumdar T. Covid: Global healthcare workers missing out on jabs: BBC News; 18 Jul 2021 [hitps://
www.bbc.com/news/health-57820346.

Mutambudzi M, Niedzwiedz C, Macdonald EB, Leyland A, Mair F, Anderson J, et al. Occupation and
risk of severe COVID-19: prospective cohort study of 120 075 UK biobank participants. Occup Environ
Med. 2021; 78(5):307-14.

Galanis P, Vraka |, Fragkou D, Bilali A, Kaitelidou D. Seroprevalence of SARS-CoV-2 antibodies and
associated factors in healthcare workers: a systematic review and meta-analysis. J Hosp Infect. 2021;
108:120-34. https://doi.org/10.1016/}.jhin.2020.11.008 PMID: 33212126

Mohr NM, Harland KK, Krishnadasan A, Eyck PT, Mower WR, Willey J, et al. Diagnosed and undiag-
nosed COVID-19 in US emergency department health care personnel: a cross-sectional analysis. Ann
Emerg Med. 2021; 78(1):27—-34. https://doi.org/10.1016/j.annemergmed.2020.12.007 PMID: 33771413

Karan A, Klompas M, Tucker R, Baker M, Vaidya V, Rhee C, et al. The Risk of Severe Acute Respira-
tory Syndrome Coronavirus 2 (SARS-CoV-2) Transmission from Patients With Undiagnosed Coronavi-
rus Disease 2019 (COVID-19) to Roommates in a Large Academic Medical Center. Clinical Infectious
Diseases. 2021; 74(6):1097—-100.

Sabetian G, Moghadami M, Hashemizadeh Fard Haghighi L, Shahriarirad R, Fallahi MJ, Asmarian N,
et al. COVID-19 infection among healthcare workers: a cross-sectional study in southwest Iran. Virol J.
2021; 18(1):58. https://doi.org/10.1186/s12985-021-01532-0 PMID: 33731169

El-Boghdadly K, Wong DJN, Owen R, Neuman MD, Pocock S, Carlisle JB, et al. Risks to healthcare
workers following tracheal intubation of patients with COVID-19: a prospective international multicentre
cohort study. Anaesthesia. 2020; 75(11):1437—-47. https://doi.org/10.1111/anae.15170 PMID: 32516833

Barrett ES, Horton DB, Roy J, Gennaro ML, Brooks A, Tischfield J, et al. Prevalence of SARS-CoV-2
infection in previously undiagnosed health care workers in New Jersey, at the onset of the U.S. COVID-
19 pandemic. BMC Infectious Diseases. 2020; 20(1):853. https://doi.org/10.1186/s12879-020-05587-2
PMID: 33198725

Lyngse FP, Mortensen LH, Denwood MJ, Christiansen LE, Mgller CH, Skov RL, et al. SARS-CoV-2
Omicron VOC Transmission in Danish Households. medRxiv. 2021:2021.12.27.21268278.

Helmsdal G, Hansen OK, Mgller LF, Christiansen DH, Petersen MS, Kristiansen MF. Omicron outbreak
at a private gathering in the Faroe Islands, infecting 21 of 33 triple-vaccinated healthcare workers.
medRxiv. 2021:2021.12.22.21268021.

Baker JM, Nelson KN, Overton E, Lopman BA, Lash TL, Photakis M, et al. Quantification of Occupa-
tional and Community Risk Factors for SARS-CoV-2 Seropositivity Among Health Care Workers in a
Large U.S. Health Care System. Annals of internal medicine. 2021; 174(5):649-54. https://doi.org/10.
7326/M20-7145 PMID: 33513035

Moscola J, Sembajwe G, Jarrett M, Farber B, Chang T, McGinn T, et al. Prevalence of SARS-CoV-2
antibodies in health care personnel in the new york city area. JAMA. 2020; 324(9):893-5. https://doi.
org/10.1001/jama.2020.14765 PMID: 32780804

Dimcheff DE, Schildhouse RJ, Hausman MS, Vincent BM, Markovitz E, Chensue SW, et al. Seropreva-
lence of severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection among Veterans
Affairs healthcare system employees suggests higher risk of infection when exposed to SARS-CoV-2
outside the work environment. Infect Control Hosp Epidemiol. 2021; 42(4):392-8. https://doi.org/10.
1017/ice.2020.1220 PMID: 32962771

45 C.F.R. part 46.102(1)(2), 21 C.F.R. part 56; 42 U.S.C. §241(d); 5 U.S.C. §552a; 44 U.S.C. §3501 et
seq.

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. The Lancet. 2007; 370(9596):1453-7.

Mohr NM, Talan D, Krishnadasan A, Harland K, Wallace K, Willey J. COVID-19 Evaluation of Risk in

Emergency Departments (Project COVERED) Bethesda: NIH Public Health Emergency and Disaster
Research Response (DR2); 2020 [https://dr2.nlm.nih.gov/search/?q=22586.

PLOS ONE | https://doi.org/10.1371/journal.pone.0271597  July 22, 2022 15/16


https://www.who.int/director-general/speeches/detail/director-general-s-opening-remarks-at-the-world-health-assembly---24-may-2021
https://www.who.int/director-general/speeches/detail/director-general-s-opening-remarks-at-the-world-health-assembly---24-may-2021
https://www.bbc.com/news/health-57820346
https://www.bbc.com/news/health-57820346
https://doi.org/10.1016/j.jhin.2020.11.008
http://www.ncbi.nlm.nih.gov/pubmed/33212126
https://doi.org/10.1016/j.annemergmed.2020.12.007
http://www.ncbi.nlm.nih.gov/pubmed/33771413
https://doi.org/10.1186/s12985-021-01532-0
http://www.ncbi.nlm.nih.gov/pubmed/33731169
https://doi.org/10.1111/anae.15170
http://www.ncbi.nlm.nih.gov/pubmed/32516833
https://doi.org/10.1186/s12879-020-05587-2
http://www.ncbi.nlm.nih.gov/pubmed/33198725
https://doi.org/10.7326/M20-7145
https://doi.org/10.7326/M20-7145
http://www.ncbi.nlm.nih.gov/pubmed/33513035
https://doi.org/10.1001/jama.2020.14765
https://doi.org/10.1001/jama.2020.14765
http://www.ncbi.nlm.nih.gov/pubmed/32780804
https://doi.org/10.1017/ice.2020.1220
https://doi.org/10.1017/ice.2020.1220
http://www.ncbi.nlm.nih.gov/pubmed/32962771
https://dr2.nlm.nih.gov/search/?q=22586
https://doi.org/10.1371/journal.pone.0271597

PLOS ONE

COVID-19risk in ED personnel

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Makuc DM, Haglund B, Ingram DD, Kleinman JC, Feldman JJ. Health service areas for the United
States. Vital Health Stat 2. 1991(112):1—102. PMID: 1808847

Lauer SA, Grantz KH, Bi Q, Jones FK, Zheng Q, Meredith HR, et al. The incubation period of coronavi-
rus disease 2019 (COVID-19) from publicly reported confirmed cases: estimation and application. Ann
Intern Med. 2020; 172(9):577-82. https://doi.org/10.7326/M20-0504 PMID: 32150748

SARS-CoV-2 IgG Abbott Park, lllinois: Abbott Laboratories; March 2020 [https://www.fda.gov/media/
137383/download.

Qualitative assay for use on the cobas® 6800/8800 Systems Mannheim, Germany: Roche Diagnostics;
2020 [https://www.fda.gov/media/136049/download.

Ramakrishnan V, Thacker LR. Population attributable fraction as a measure of heritability in dichoto-
mous twin data. Commun Stat Simul Comput. 2012; 41(3). https://doi.org/10.1080/03610918.2011.
592246 PMID: 24415830

Cox C, Li X. Model-based estimation of the attributable risk: a loglinear approach. Computational Statis-
tics & Data Analysis. 2012; 56(12):4180-9. https://doi.org/10.1016/j.csda.2012.04.017 PMID: 23049150

Lazer D, Qu H, Ognyanova K, Perlis RH, Baum MA, Druckman J, et al. Report #62: COVID-19 vaccine
attitudes among healthcare workers. OSF Preprints. 2021.

Poletti P, Tirani M, Cereda D, Guzzetta G, Trentini F, Marziano V, et al. Seroprevalence of and risk fac-
tors associated with SARS-CoV-2 infection in health care workers during the early COVID-19 pandemic
in italy. JAMA Netw Open. 2021; 4(7):e2115699. https://doi.org/10.1001/jamanetworkopen.2021.15699
PMID: 34228126

Lai X, Wang M, Qin C, Tan L, Ran L, Chen D, et al. Coronavirus disease 2019 (COVID-2019) infection
among health care workers and implications for prevention measures in a tertiary hospital in Wuhan,
China. JAMA Netw Open. 2020; 3(5):€209666. https://doi.org/10.1001/jamanetworkopen.2020.9666
PMID: 32437575

Nguyen LH, Drew DA, Graham MS, Joshi AD, Guo CG, Ma WJ, et al. Risk of COVID-19 among front-
line health-care workers and the general community: a prospective cohort study. Lancet Public Health.
2020; 5(9):E475-E883. https://doi.org/10.1016/S2468-2667(20)30164-X PMID: 32745512

Zhu S, Zong Z. Why did so few healthcare workers in China get COVID-19 infection. QJM. 2021; 114
(4):225-6. https://doi.org/10.1093/gjmed/hcaa254 PMID: 32810218

Raboud J, Shigayeva A, McGeer A, Bontovics E, Chapman M, Gravel D, et al. Risk factors for SARS
transmission from patients requiring intubation: a multicentre investigation in Toronto, Canada. PLoS
One. 2010; 5(5):e10717. https://doi.org/10.1371/journal.pone.0010717 PMID: 20502660

Tran K, Cimon K, Severn M, Pessoa-Silva CL, Conly J. Aerosol generating procedures and risk of trans-
mission of acute respiratory infections to healthcare workers: a systematic review. PLoS One. 2012; 7
(4):e35797. https://doi.org/10.1371/journal.pone.0035797 PMID: 22563403

Weissman DN, de Perio MA, Radonovich LJ Jr. COVID-19 and risks posed to personnel during endotra-
cheal intubation. JAMA. 2020; 323(20):2027-8. https://doi.org/10.1001/jama.2020.6627 PMID: 32338710

Schneider S, Piening B, Nouri-Pasovsky PA, Kriger AC, Gastmeier P, Aghdassi SJS. SARS-Coronavi-
rus-2 cases in healthcare workers may not regularly originate from patient care: lessons from a univer-
sity hospital on the underestimated risk of healthcare worker to healthcare worker transmission.
Antimicrobial Resistance & Infection Control. 2020; 9(1):192.

Guo ZD, Wang ZY, Zhang SF, Li X, Li L, Li C, et al. Aerosol and surface distribution of severe acute
respiratory syndrome coronavirus 2 in hospital wards, Wuhan, China, 2020. Emerg Infect Dis. 2020; 26
(7):1583-91. https://doi.org/10.3201/eid2607.200885 PMID: 32275497

Science Brief: COVID-19 vaccines and vaccination Atlanta, Georgia: Centers for Disease Control and
Prevention (CDC); 2021 [https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-
vaccinated-people.html.

Robles-Perez E, Gonzalez-Diaz B, Miranda-Garcia M, Borja-Aburto VH. Infection and death by COVID-
19 in a cohort of healthcare workers in Mexico. Scand J Work Environ Health. 2021; 47(5):349-55.
https://doi.org/10.5271/sjweh.3970 PMID: 34057188

Kambhampati AK, O’Halloran AC, Whitaker M, Magill SS, Chea N, Chai SJ, et al. COVID-19-associated
hospitalizations among health care personnel—COVID-NET, 13 States, March 1-May 31, 2020.
MMWR Morb Mortal Wkly Rep. 2020; 69(43):1576-83. https://doi.org/10.15585/mmwr.mm6943e3
PMID: 33119554

Loeb M, McGeer A, Henry B, Ofner M, Rose D, Hlywka T, et al. SARS among critical care nurses,
Toronto. Emerg Infect Dis. 2004; 10(2):251-5. https://doi.org/10.3201/eid1002.030838 PMID: 15030692

Fan J, Jiang Y, Hu K, Chen X, Xu Q, Qi Y, et al. Barriers to using personal protective equipment by
healthcare staff during the COVID-19 outbreak in China. Medicine (Baltimore). 2020; 99(48):23310.
https://doi.org/10.1097/MD.0000000000023310 PMID: 33235088

PLOS ONE | https://doi.org/10.1371/journal.pone.0271597  July 22, 2022 16/16


http://www.ncbi.nlm.nih.gov/pubmed/1808847
https://doi.org/10.7326/M20-0504
http://www.ncbi.nlm.nih.gov/pubmed/32150748
https://www.fda.gov/media/137383/download
https://www.fda.gov/media/137383/download
https://www.fda.gov/media/136049/download
https://doi.org/10.1080/03610918.2011.592246
https://doi.org/10.1080/03610918.2011.592246
http://www.ncbi.nlm.nih.gov/pubmed/24415830
https://doi.org/10.1016/j.csda.2012.04.017
http://www.ncbi.nlm.nih.gov/pubmed/23049150
https://doi.org/10.1001/jamanetworkopen.2021.15699
http://www.ncbi.nlm.nih.gov/pubmed/34228126
https://doi.org/10.1001/jamanetworkopen.2020.9666
http://www.ncbi.nlm.nih.gov/pubmed/32437575
https://doi.org/10.1016/S2468-2667%2820%2930164-X
http://www.ncbi.nlm.nih.gov/pubmed/32745512
https://doi.org/10.1093/qjmed/hcaa254
http://www.ncbi.nlm.nih.gov/pubmed/32810218
https://doi.org/10.1371/journal.pone.0010717
http://www.ncbi.nlm.nih.gov/pubmed/20502660
https://doi.org/10.1371/journal.pone.0035797
http://www.ncbi.nlm.nih.gov/pubmed/22563403
https://doi.org/10.1001/jama.2020.6627
http://www.ncbi.nlm.nih.gov/pubmed/32338710
https://doi.org/10.3201/eid2607.200885
http://www.ncbi.nlm.nih.gov/pubmed/32275497
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html
https://www.cdc.gov/coronavirus/2019-ncov/science/science-briefs/fully-vaccinated-people.html
https://doi.org/10.5271/sjweh.3970
http://www.ncbi.nlm.nih.gov/pubmed/34057188
https://doi.org/10.15585/mmwr.mm6943e3
http://www.ncbi.nlm.nih.gov/pubmed/33119554
https://doi.org/10.3201/eid1002.030838
http://www.ncbi.nlm.nih.gov/pubmed/15030692
https://doi.org/10.1097/MD.0000000000023310
http://www.ncbi.nlm.nih.gov/pubmed/33235088
https://doi.org/10.1371/journal.pone.0271597

