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Abstract

Among 353 healthcare personnel in a longitudinal cohort in 4 hospitals in Atlanta, Georgia (May–June 2020), 23 (6.5%) had severe acute
respiratory coronavirus virus 2 (SARS-CoV-2) antibodies. Spending >50% of a typical shift at the bedside (OR, 3.4; 95% CI, 1.2–10.5) and
black race (OR, 8.4; 95% CI, 2.7–27.4) were associated with SARS-CoV-2 seropositivity.

(Received 30 November 2020; accepted 22 January 2021; electronically published 9 February 2021)

Data are conflicting regarding whether healthcare personnel
(HCP) are at increased risk for severe acute respiratory coronavirus
virus 2 (SARS-CoV-2) infection compared to non-HCP peers and
whether work in dedicated coronavirus disease 2019 (COVID-19)
units increases this risk.1,2 Previous studies have suggested that
increased intensity or duration of patient contact and perform-
ing aerosol generating procedures (AGPs) increase an HCP’s
risk of SARS-CoV-2 infection.3,4 Understanding the determi-
nants of risk for SARS-COV-2 infection is critical for imple-
menting effective infection prevention (IP) measures and
maintaining the safety of HCP.

The COVID-19 Prevention in Emory Healthcare Personnel
(COPE) study is a longitudinal serosurveillance cohort at four
hospitals monitoring the incidence of SARS-CoV-2 infection in
HCP over 12 months. We assessed SARS-CoV-2 seroprevalence
among HCP at enrollment and the risk of certain occupational
characteristics.

Methods

Recruitment and enrollment

We recruited a convenience sample of HCP by e-mailing employee
listservs and posting flyers. Eligible participants were >18 years
old, were employed at a study hospital, had worked a shift in
the previous 2 weeks, and reported no current COVID-19
symptoms. Informed consent was obtained, and the date of
phlebotomy (May 6, 2020–June 12, 2020) was used as the enroll-
ment date. The Emory University Institutional Review Board
approved this study.

Study setting and infection prevention practices

Study hospitals included a 751-bed academic, tertiary referral
hospital (“referral hospital”), a 529-bed hybrid academic-
community tertiary-care hospital (“academic-community hos-
pital”), a 410-bed community hospital (“community hospital”),
and a 961-bed urban safety-net hospital (“safety-net hospital”)
in Atlanta, Georgia, with ∼17,000 total HCP. In the 2 months
prior to enrollment, each hospital sequentially implemented vis-
itor restrictions, universal masking, symptom and temperature
screening, and universal testing of admitted patients. No PPE
shortages were reported.
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Table 1. Description of Demographics and Healthcare Occupational Activities Stratified by Job Title in Healthcare Personnel in Four Hospitals in Atlanta, Georgia

Variablea

Healthcare Personnel Occupation

Nurse
(n=144)

Physician/
APP

(n=92)
Other HCP
(n=53)

Radiology
Technician
(n=16)

Respiratory
Therapist
(n=14)

Administrator
(n=34) Total

Demographics and community exposures (n=353)

Age, median y (IQR) 33 (27–49) 37 (32–47) 39 (32–52) 40 (36–50) 50 (39–58) 40 (32–52) 37 (30–49)

Sex, female, no. (%) 126 (88) 54 (59) 44 (83) 13 (81) 12 (86) 20 (59) 269 (76)

Race, no. (%)b

Asian 11 (8) 18 (20) 4 (8) 0 (0) 0 (0) 2 (6) 35 (10)

Black 23 (16) 5 (5) 10 (19) 1 (6) 2 (14) 6 (18) 47 (13)

White 98 (70) 64 (70) 34 (65) 13 (81) 11 (79) 25 (74) 245 (69)

Other 8 (6) 5 (5) 4 (8) 2 (12) 1 (7) 1 (3) 20 (6)

Hispanic or Latinx ethnicity, no. (%)b 10 (7) 1 (1) 4 (8) 1 (7) 1 (8) 0 (0) 17 (5)

BMI, median (IQR) 26 (23–30) 24 (22–26) 25 (24–30) 27 (24–31) 30 (26–34) 28 (26–32) 26 (23–30)

Immunocompromised, no. (%)c 16 (11) 6 (7) 5 (9) 1 (6) 0 (0) 2 (6) 30 (8)

Activities outside of work, no. (%)

Using public transportation 3 (2) 1 (1) 1 (2) 0 (0) 0 (0) 4 (12) 9 (3)

Shopping outside the home 134 (93) 72 (78) 51 (96) 11 (69) 12 (86) 31 (91) 311 (88)

Attending gathering of >10 people 7 (5) 1 (1) 3 (6) 0 (0) 1 (7) 3 (9) 15 (4)

Healthcare occupational activitiesd (n= 319)

Primary hospital of work, no. (%)

Referral 58 (40) 44 (48) 22 (42) 6 (38) 9 (64) : : : 139 (44)

Academic-community 26 (18) 19 (21) 16 (30) 5 (31) 3 (21) : : : 69 (22)

Community 39 (27) 8 (9) 9 (17) 5 (31) 2 (14) : : : 63 (20)

Safety-net 21 (15) 21 (23) 6 (11) 0 (0) 0 (0) : : : 48 (15)

Primary work setting (n= 296), no. (%)e

Emergency department 28 (20) 13 (15) 2 (4) 2 (12) 0 (0) : : : 45 (15)

Inpatient medical/surgical floor 69 (49) 45 (52) 20 (43) 6 (38) 3 (23) : : : 143 (48)

ICU 40 (28) 18 (21) 3 (7) 1 (6) 10 (77) : : : 72 (24)

Outpatient/other 4 (3) 10 (12) 21 (46) 1 (6) 0 (0) : : : 36 (12)

No. of shifts in the 2 weeks prior
to survey completion, median (IQR)

6 (6–7) 7 (4–10) 10 (6–10) 10 (8–10) 8 (6–8) : : : 6 (6–9)

Proportion of shifts in COVID-19
units, no. (%)

None or nearly none 56 (39) 38 (41) 36 (68) 5 (31) 3 (21) : : : 138 (43)

At least some 87 (60) 52 (57) 17 (32) 11 (69) 11 (79) : : : 178 (56)

Average proportion of shift spent
directly at bedside, no. (%)

: : :

≤50% 28 (19) 58 (63) 48 (91) 7 (44) 4 (29) : : : 145 (45)

>50% 115 (80) 32 (35) 5 (9) 9 (56) 10 (71) : : : 171 (54)

Performed or present during≥ 1 AGP
in a COVID-19 unitfg – no. (%)

56 (39) 18 (20) 2 (4) 0 (0) 9 (64) : : : 85 (27)

Had concerns about PPE (e.g., fit,
adequacy, comfort) while in a
COVID-19 unitf – no. (%)

25 (17) 9 (10) 2 (4) 3 (19) 3 (21) : : : 42 (13)

Able to consistently social distance
from coworkers – no. (%)

39 (27) 38 (41) 23 (43) 9 (56) 5 (36) : : : 114 (36)
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Serologic testing

Indirect enzyme-linked immunosorbent assay detected IgG anti-
bodies against the receptor-binding domain of the SARS-CoV-2.5

Each signal was normalized to an internal control, and receiver oper-
ating characteristic curve analysis was used to determine the cutoff
(sensitivity, 86.7%; specificity, 99.3%). Positive samples were con-
firmed on a second run.

Data on exposures and variable definitions

Participants completed an online survey on demographics,
medical history, prior testing for SARS-CoV-2, community
and occupational activities, PPE use and adherence to IP recom-
mendations in the previous 2 weeks. We focused on the previous
2 weeks to maximize accuracy of recall, assuming that this would
be representative of typical occupational activities. We classified
HCP into the following occupations: (1) nurses, (2) physicians
or advanced practice providers (APPs), (3) other HCP, (4) res-
piratory therapists, (5) radiology technicians, or (6) healthcare
administrators (“administrators”). Categories 1–5 were consid-
ered direct patient care roles. The Supplemental Material (on-
line) contains a complete list of the other occupations and
key study variable definitions.

Statistical analysis

Univariable logistic regression identified characteristics asso-
ciated with SARS-CoV-2 seropositivity. Multivariable logistic
regression assessed the association between SARS-CoV-2 sero-
positivity and occupational exposure variables including pro-
portion of shift spent at bedside, shifts in COVID-19 units,
and performing or being present during ≥1 AGP in a
COVID-19 unit. The final model also included covariates based
on published literature and those identified in the univariable
analysis (P ≤ .1). There were no significant interactions among
proportion of shift spent at the bedside, race, and shifts worked
in COVID-19 units. For the main exposure variables, participants

in the administrator group were included in the lowest risk
category.

Results

Among 353 HCP, most participants were female (76%) and white
(69%). The median age was 37 years (interquartile range [IQR],
30–49). Most (56%) worked at least some shifts in COVID-19
units, and almost one-third (27%) performed or were present dur-
ing≥1 AGP in these units. More than half (54%) reported typically
spending >50% of their shift directly at the bedside; this was fre-
quent for nurses (80%) and respiratory therapists (71%) but less
common for physicians and APPs (35%) and other HCP (9%).
Also, 36% consistently socially distanced from coworkers (Table 1).
Self-reported PPE use during patient care activities in COVID-19
units was high for gloves (100%) and for either respirators (powered
air purifying respirators [PAPR] or N95 respirators) or face masks
(99%) and was lower for gowns (91%) and eye protection (88%). In
non–COVID-19 units, 99% of HCP reported wearing respirators or
face masks during patient care.

Overall, 23 participants (6.5%) had SARS-CoV-2–specific IgG.
A higher proportion of participants with direct patient care roles
had SARS-CoV-2 antibodies, compared with administrators (6.9%
vs 2.9%); however, this proportion was not statistically significant
(OR, 2.5; 95% CI, 0.5–45.1). In a multivariable analysis, black race
(OR, 8.4; 95% CI, 2.7–27.4) and working >50% of a typical shift
directly at the bedside (OR, 3.4; 95% CI, 1.2–10.5) were independ-
ently associated with SARS-CoV-2 seropositivity (Table 2). Job
category, work location, universal masking or social distancing at
work, performing or being present during ≥1 AGP in COVID-19
units, and community incidence of COVID-19 in the participant’s
residential ZIP code were not associated with SARS-CoV-2 sero-
positivity (Table 2).

Discussion

In this cohort of predominantly inpatient HCP, 6.5% were posi-
tive for SARS-CoV-2 antibodies early in the COVID-19 pan-
demic in Atlanta, Georgia. This proportion was higher than

Table 1. (Continued )

Variablea

Healthcare Personnel Occupation

Nurse
(n=144)

Physician/
APP

(n=92)
Other HCP
(n=53)

Radiology
Technician
(n=16)

Respiratory
Therapist
(n=14)

Administrator
(n=34) Total

Practiced universal masking nearly
all the time at work – no. (%)

112 (78) 74 (80) 34 (64) 13 (81) 9 (64) : : : 242 (76)

Had a CDC-defined high-risk exposure
to SARS-CoV-2h– no. (%)

18 (12) 9 (10) 1 (2) 2 (12) 2 (14) : : : 32 (10)

Note. APP, advanced practice provider; HCP, healthcare personnel; IQR, interquartile range; BMI, body mass index; ICU, intensive care unit; AGP, aerosol-generating procedure; PPE, personal
protective equipment; CDC, Centers for Disease Control and Prevention.
aAll questions about occupational activities refer to the 2 weeks prior to the survey completion date.
bSurvey options for race included: American Indian or Alaska Native, Asian, black or African American, Native Hawaiian or other Pacific Islander, white, other race, or prefer not to answer. Due to
small numbers, American Indian or Alaska Native, Native Hawaiian or other Pacific Islander and other were collapsed into 1 category. We excluded participants who preferred not to answer.
Ethnicity was examined separately from race.
cHCP were considered immunocompromised if they had an autoimmune or rheumatologic disorder, active malignancy, solid-organ or hematologic stem cell transplant, or other self-reported
immunosuppressive condition or medication.
dThese questions were not asked for the HCP classified as an administrator, so they were excluded from the new denominator (n=319).
eExcludes HCP where primary location was not able to be determined due to multiple locations being written in.
fOnly asked for participants who worked at least some shifts in COVID-19 units; percentages calculated with denominators equal to only participants who were asked the question.
gThe following procedures were specifically asked about as AGPs: airway suctioning, noninvasive positive pressure ventilation, manual (bag) ventilation, nebulizer treatments, intubation,
cardiopulmonary resuscitation, chest physiotherapy, mini-bronchoalveolar lavage, breaking ventilation circuit, sputum induction, bronchoscopy, high-flow oxygen delivery.
hA high-risk occupational exposure to SARS-CoV-2was defined according to the CDC guidelines as having prolonged close contact with a patient(s) on a non-COVID-19 unit that later was found to
have SARS-CoV-2 while (1) the HCP was not wearing a respirator or face mask, (2) the HCP was not wearing eye protection while the patient was not wearing a facemask or intubated, or (3) the
HCP was not wearing all recommended PPE (gown, gloves, eye protection and respirator) while performing an AGP.10
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Table 2. Factors Associated With SARS-CoV-2 Seropositivity in Healthcare Personnel

Variablea

Seropositive
(n=23),
No. (%)

Seronegative
(n=330),
No. (%)

Univariable
OR (95% CI)

Multivariable
OR (95% CI)

Age <40 y 9 (39) 191 (58) 0.5 (0.2–1.1) 0.4 (0.2–1.1)

Sex, female 18 (78) 251 (76) 1.1 (0.4–3.5) 0.6 (0.2–2.1)

Raceb

Asian 2 (9) 33 (10) 1.8 (0.3–7.5) 2.4 (0.3–10.9)

Black 9 (41) 38 (12) 7.0 (2.5–19.8) 8.4 (2.7–27.4)

Other 3 (14) 17 (5) 5.2 (1.1–20.0) 4.5 (0.8–19.4)

White 8 (36) 237 (73) Ref Ref

Hispanic or Latinx ethnicityb 3 (13) 14 (4) 3.5 (0.8–11.9) 3.5 (0.6–15.1)

Immunocompromisedc 3 (13) 27 (8) 1.7 (0.4–5.3)

Occupation

Nursing 10 (43) 134 (41) 0.9 (0.3–3.5)

Physician/APP 4 (17) 88 (27) 0.6 (0.1–2.4)

Respiratory therapist 2 (9) 12 (4) 2.0 (0.3–11.8)

Radiology technician 2 (9) 14 (4) 1.8 (0.2–10.0)

Other HCP 4 (17) 49 (15) Ref

Administrator 1 (4) 33 (10) 0.4 (0.02–2.6)

Primary hospital of work

Referral 8 (35) 131 (40) Ref

Academic-community 6 (26) 63 (19) 1.6 (0.5–4.7)

Community 6 (26) 57 (17) 1.7 (0.5–5.2)

Safety-net 2 (9) 46 (14) 0.7 (0.1–3.0)

Administrator (no healthcare location) 1 (4) 33 (10) 0.5 (0.03–2.8)

Primary work setting (n= 296)d

Emergency department 3 (13) 42 (14) 0.8 (0.1–4.5)

Inpatient medical/surgical floor 12 (52) 131 (43) 1.0 (0.3–4.6)

ICU 4 (17) 68 (22) 0.6 (0.1–3.4)

Outpatient/other 3 (13) 33 (11) Ref

Administrator (no healthcare location) 1 (4) 33 (11) 0.3 (0.02–2.8)

Proportion of shifts in COVID-19 units (n=350)d

At least somef 14 (61) 164 (50) 1.5 (0.7–3.8) 1.6 (0.6–4.7)

None or nearly none 9 (39) 163 (50) Ref Ref

Average proportion of shift spent directly at bedside (n=350)e

>50% 16 (70) 155 (47) 2.5 (1.1–6.7) 3.4 (1.2–10.5)

≤50% 7 (30) 172 (53) Ref Ref

Performed or present during at least 1 AGP in a COVID-19 unit (n= 350)egh

Yes 5 (22) 80 (24) 0.9 (0.3–2.2) 0.4 (0.1–1.3)

No 18 (78) 247 (76) Ref Ref

Able to consistently social distance from coworkers (n= 330)

No 12 (55) 170 (55) 0.8 (0.3–2.1)

Yes 9 (41) 105 (34) Ref

Administrator 1 (5) 33 (11) 0.4 (0.02–2.0)

Practiced universal masking nearly all the time at work (n= 350)

No 3 (13) 71 (22) 0.5 (0.1–1.5)

Yes 19 (83) 223 (68) Ref

Administrator 1 (4) 33 (10) 0.4 (0.02–1.8)

(Continued)
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the concurrently estimated community seroprevalence in
Atlanta (2.5%; 95% CI, 1.4–4.5), which suggests that HCP might
be at greater risk than the general public.6 However, in our
study, HCP with direct patient care roles were no more likely
to be seropositive than administrators. Similarly, we did not find
an association between work in COVID-19 units and SARS-
CoV-2 seropositivity, emphasizing the importance of adhering
to IP practices in all areas of the hospital. A higher proportion of
time spent at bedside was the only occupational factor identified
as possibly increasing the risk of SARS-CoV-2 infection.
Although universal masking was standardized, universal eye
protection during patient care had not been instituted before
study enrollment and may explain some of these findings.
Spending more time at the bedside may be a surrogate for the
intensity of patient contact and for how frequently HCP interact
with other HCP, increasing risk of SARS-CoV-2 transmission.

Though not a prespecified end point, HCP who identified as
black had 8 times the odds of having SARS-CoV-2 antibodies than
HCP who identified as white, even after accounting for occupa-
tional factors. The COVID-19 pandemic has disproportionately
affected Black or African American, Native American, and
Latinx persons and has exposed issues of socioeconomic inequal-
ity, structural racism, and access to healthcare in our society. HCP
are not spared from this reality.7 We were unable to evaluate the
effect of other community factors such as living environment, so-
cioeconomic status, or known community-based SARS-CoV-2
exposures.

In this study, we prospectively evaluated detailed occupational
exposures at 4 diverse hospitals, but several limitations must be
considered. First, we surveyed a small convenience sample of
HCP, limiting generalizability. Second, 6.5%may represent a mini-
mum seroprevalence estimate due to uncertainty of antibody per-
sistance.8,9 Third, survey answers are subject to recall bias, and
reported activities in the 2 weeks before survey completion may

not reflect fluctuating job responsibilities during the pandemic.
Thus, all associations between occupational activities and SARS-
CoV-2 infection should be interpreted cautiously. Lastly, ZIP code
level data on COVID-19 incidence is likely insufficient to account
for all community factors involved in SARS-CoV-2 infection risk.

In summary, 6.5% of HCP enrolled in our cohort from May
through June 2020 had serologic evidence of prior SARS-CoV-2
infection. HCP spending a greater amount of time performing
direct bedside care may be at increased risk for SARS-CoV-2 infec-
tion, and this will be critically assessed in longitudinal measure-
ments over the next 12 months.
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Table 2. (Continued )

Variablea

Seropositive
(n=23),
No. (%)

Seronegative
(n=330),
No. (%)

Univariable
OR (95% CI)

Multivariable
OR (95% CI)

Had a CDC-defined high-risk exposure to SARS-CoV-2 (n =349)ei

Yes 4 28 2.2 (0.6–6.5)

No 19 298 Ref

Cumulative incidence of COVID-19 by
ZIP code/10,000 population,
median (IQR)j

317 (177–836) 466 (177–1,645) 0.7 (0.3–1.5) 1.4 (0.5–3.5)

Note. OR, odds ratio; CI, confidence interval; APP, advanced practice provider; HCP, healthcare personnel; IQR, interquartile range; BMI, body mass index; ICU, intensive care unit; AGP, aerosol
generating procedure; PPE, personal protective equipment; CDC, Centers for Disease Control and Prevention.
aAll questions about occupational activities refer to the 2 weeks prior to the survey completion date.
bSurvey options for race included: American Indian or Alaska Native, Asian, black or African American, Native Hawaiian or other Pacific Islander, white, other race, or Prefer not to answer. Due to
small numbers, American Indian or Alaska Native, Native Hawaiian or other Pacific Islander and other were combined. We excluded participants who preferred not to answer. Ethnicity was
examined separately from race.
cHCP were considered immunocompromised if they had an autoimmune or rheumatologic disorder, active malignancy, solid-organ or hematologic stem cell transplant, or other self-reported
immunosuppressive condition or medication.
dExcludes HCP where primary location was not able to be determined due to multiple locations being written in.
eAdministrator group is included in the reference group.
fAt least some was defined as participants reporting that they spent some, approximately half, more than half, or nearly all or all of their shifts in the previous 2 weeks in COVID-19 units.
gInformation on AGP participation was only asked of participants who worked at least some shifts in COVID-19 units.
hThe following procedures were specifically included as AGPs: airway suctioning, non-invasive positive pressure ventilation, manual (bag) ventilation, nebulizer treatments, intubation,
cardiopulmonary resuscitation, chest physiotherapy, mini-bronchoalveolar lavage, breaking ventilation circuit, sputum induction, bronchoscopy, high-flow oxygen delivery.
iA high-risk occupational exposure to SARS-CoV-2 was defined based on the CDC guidance as having prolonged close contact with a patient(s) with SARS-CoV-2 infection while (1) the HCP was
not wearing a respirator or facemask; (2) the HCP was not wearing eye protection while the patient was not wearing a facemask or intubated; or (3) the HCP was not wearing all recommended
PPE (gown, gloves, eye protection and respirator) while performing an AGP.10
jThe cumulative incidence of COVID-19 per residential ZIP code was calculated using data from the Georgia Department of Public Health (GDPH) and includes all reported cases of COVID-19
(confirmed and probable) up to 2 weeks prior to each participant’s blood draw; log base 10 of cumulative incidence was used per 10,000 population in the analysis.
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