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Abstract

Objectives

Healthcare workers face distinct occupational challenges that affect their personal health,
especially during a pandemic. In this study we compare the characteristics and outcomes of
Covid-19 patients who are and who are not healthcare workers (HCW).

Methods

We retrospectively analyzed a cohort of 2,842 adult patients with known HCW status and a
positive SARS-CoV-2 RT-PCR test presenting to a large academic medical center emer-
gency department (ED) in New York State from March 21 2020 through June 2020. Early in
the pandemic we instituted a policy to collect data on patient occupation and exposures to
suspected Covid-19. The primary outcome was hospital admission. Secondary outcomes
were ICU admission, need for invasive mechanical ventilation (IMV), and mortality. We com-
pared baseline characteristics and outcomes of Covid-19 adult patients based on whether
they were or were not HCW using univariable and multivariable analyses.

Results

Of 2,842 adult patients (mean age 53+/-19 years, 53% male) 193 (6.8%) were HCWs and
2,649 (93.2%) were not HCWs. Compared with non-HCW, HCWs were younger (43 vs 53
years, P<0.001), more likely female (118/193 [61%] vs 1211/2649 [46%], P<0.001), and
more likely to have a known Covid-19 exposure (161/193 [83%] vs 946/2649 [36%],
P<0.001), but had fewer comorbidities. On presentation to the ED, HCW also had lower fre-
quencies of tachypnea (12/193 [6%)] vs 426/2649 [16%], P<0.01), hypoxemia (15/193 [8%]
vs 564/2649 [21%], P<0.01), bilateral opacities on imaging (38/193 [20%] vs 1189/2649
[45%], P<0.001), and lymphocytopenia (6/193 [3%)] vs 532/2649 [20%)], P<0.01) compared
to non-HCWs. Direct discharges home from the ED were more frequent in HCW 154/193
(80%) vs 1275/2649 (48%) p<0.001). Hospital admissions (38/193 [20%)] vs 1264/2694
[47%], P<0.001), ICU admissions (7/193 [3%)] vs 321/2694 [12%], P<0.001), need for IMV
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(6/193 [3%] vs 321/2694 [12%], P<0.001) and mortality (2/193 [1%] vs 219/2694 [8%)],
P<0.01) were lower than among non-HCW. After controlling for age, sex, comorbidities, pre-
senting vital signs and radiographic imaging, HCW were less likely to be admitted (OR 0.6,
95%Cl 0.3—0.9) than non HCW.

Conclusions

Compared with non HCW, HCW with Covid-19 were younger, had less severe iliness, and
were less likely to be admitted.

Introduction

Ilness in healthcare workers (HCWs) is of particular concern in light of the coronavirus dis-
ease 19 (Covid-19) pandemic. HCWs are often at risk for increased exposure to infectious dis-
eases compared to the general population in the surrounding community, and they may serve
as vectors for transmission of these illnesses [1]. The repeated exposure to pathogens may also
alter the course of infectious disease in HCW's compared to that in the general population in
the surrounding community. There is currently little literature studying how HCW's with
Covid-19 have fared, and whether their course of disease may be different than non-HCWs.

In April 2020 a CDC Morbidity and Mortality Report documented that HCW's made up 3%
of COVID-19 cases in the US, however HCW status was only reported in 16% of cases [2]. In
states that reported HCW status of all Covid-19 cases, HCWs made up 11% of cases [2]. In our
hospital, routine documentation of healthcare worker status and exposure to patients with sus-
pected Covid-19 was added to the emergency department (ED) patient intake form on March
1.

The objectives of the current study were to compare baseline characteristics and subsequent
outcomes in adult patients with Covid-19 who were and were not HCW presenting to a large
ED, including those admitted to our hospital and those directly discharged from the ED.

Methods
Study design

We conducted a structured, retrospective review of all patients presenting to our ED with con-
firmed Covid-19 based on a positive SARS-CoV-2 PCR. This study followed the Strengthening
of Reporting of Observational Studies in Epidemiology (STROBE) reporting guidelines for
cross-sectional studies [3]. We also followed the recommended methodology of Kaji et al. for
retrospective chart reviews [4]. The study was approved by the Stony Brook University IRB
with waiver of informed consent (IRB # 2020-00201) on March 30, 2020.

Patients and setting

Our hospital is a 650 bed, suburban academic tertiary-care hospital located approximately 60
miles from Manhattan. Patient volume is approximately 110,000 adult and pediatric patients
per year. Eligible patients presented from March 1, 2020 to June 30, 2020 and included all
patients over 18 years of age with Covid-19 confirmed by a positive SARS-Cov-2 RT-PCR. As
the pandemic evolved, we used a variety of FDA licensed RT-PCR tests that became available
from the State of New York, private commercial laboratories and finally from our own hospital
laboratory. We have not used antibody testing as this is not an accurate picture of who is
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acutely infected and evaluated in the ED at our institution. In addition, data on how best to
interpret antibody testing across ages and timing post infection is lacking. In our ED we insti-
tuted a policy to collect data on patient occupation and exposure to suspected Covid-19 begin-
ning March 1. Patients without information regarding whether they were HCW or not were
excluded. Patients were specifically asked whether they had been in close contact with any per-
son with influenza-like symptoms or a positive SARS-CoV-test. This was based on patient self-
report and was not confirmed by clinicians or researchers.

Data source and collection

Data included in our analysis were either automatically extracted from the electronic medical
record (e.g., vital signs and laboratory results) or were abstracted through manual chart review
(e.g., symptoms and HCW status). Specific data extracted included demographics, past medi-
cal history and comorbidities based on patient report, baseline vital signs, symptoms at presen-
tation, laboratory test results, radiological findings, treatments, and outcomes (e.g.,
disposition, need for IMV, and mortality).

We defined all study data and variables prior to initiating the study and trained our data
abstractors using a library of definitions. Healthcare workers included physicians, nurses, tech-
nicians and any other support staff that come into direct contact with patients. Hypoxemia
was defined as an oxygen saturation less than 94% while tachypnea was defined as a respiratory
rate greater than 24/min. Fever was defines as a temperature greater than 38° C, and lympho-
cytopenia was defined as a lymphocyte count less than 1000/ml. We periodically monitored
data collection and determined the inter-observer agreement on the primary and secondary
outcomes on a randomly selected sample of 200 study patients. Interobserver agreement
(Kappa statistic) ranged from 0.96 (95% CI, 0.90-0.99) to 1.0.

Study outcomes

The primary outcome was hospital admission. Secondary outcomes were ICU admission,
need for invasive mechanical ventilation, and mortality.

Data analysis

Discrete data are summarized as numbers and frequencies for nominal data and compared
with Chi-square or Fisher’s exact tests (when sample sizes were less than 5). Continuous data
that were normally distributed are summarized as means with standard deviations (SD) and
compared with T-tests. Continuous data that were not normally distributed were summarized
as medians with interquartile (IQR) ranges and compared with the Mann Whitney U test. For
all variables and models, we only used the initial findings at ED presentation. Exploratory mul-
tivariable analysis of primary and secondary outcomes was performed using potential predic-
tor variables chosen based on biological plausibility and previous reports such as age, sex,
comorbidities, presenting vital signs, chest XR findings, and HCW status. Comparisons
between groups were performed using logistic and linear regression for binary and continuous
data respectively. Level of significance was defined as a P value of 0.05 or less. Data was ana-
lyzed using SPSS for Windows version 27 (IBM, Armonk, NY).

Results
General characteristics

From March 1 to June 30 2020 there were 2,888 Covid-19 infected patients that presented to
our ED, of which 2,846 were over 18 years of age. HCW status was unknown in four patients
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leaving a sample size of 2,842 study patients. Overall, the mean (SD) age for adult patients was
53 (19) years, 1,513 (53%) were male and 1,306 (46%) were white. The total number of patients
admitted to the hospital was 1,406 (49%) of which 328 (12%) were admitted to an ICU (either
immediately or subsequent to admission to a regular floor). Invasive mechanical ventilation
was required in 261/2842 (9.1%) patients and 221/2842 patients (7.8%) died. A de-identified
data set and its dictionary may be accessed at the following publicly available websites: https://
figshare.com/articles/book/HCW_COVID_19_Codebook_pdf/13283342 and https://figshare.
com/articles/dataset/HCW_Data_v3_xlIsx/13283141.

Univariable comparisons

A comparison of patient baseline characteristics based on HCW status is presented in Table 1.
Compared with non HCW, HCW were younger (43+/-13 vs 53+/-18 years; mean difference 10,
95%CI 8 to 23, P<0.001] more likely female (61% vs. 46%; mean difference 15%, 95%CI 8-23,
P<0.001), and less likely Hispanic (12% vs. 36%; mean difference 23%, 95%CI 17-28, P<0.001).
HCW were less likely to have comorbidities (33% vs 49%; mean difference 16%, 95%%CI 8-22,
P<0.01) but more likely to have reported a known contact with a person with Covid-19 symp-
toms (83% vs 36%; mean difference 48%, 95%CI 41-53, P<0.001) than non-HCW. While no
HCW resided in a skilled nursing facility, 11% of non HCW came from a nursing home.

A comparison of initial vital signs, laboratory results and radiological findings based on
HCW status is presented in Table 2. Compared with non HCW, HCW were less likely to be

Table 1. Patients general characteristics. Data are presented as numbers and percentages in parentheses unless otherwise specified.

Non HCW HCW Difference in % unless otherwise specified (95% CI)

Total cases 2649 193
Male gender 1438 (54) 75 (39) 15 (8-23)
Mean age (SD) 53 (18) 43 (13) 10 (8-12)
L R U A
_Hispanic 0000000000000 | 9416) |24 | 20728
_NonmHispanic 1396 | 151(78) | TET(38:20) .

Unspecified 359 (13) 18 (9) 4 (-1-8)

Number of Comorbidities

Nursing home 302 (11) 0(0) 11 (9-13)
Contact with sick person (COVID19 or Flu-like Symptoms) 946 (36) 161 (83) 48 (-53 - -41)

https://doi.org/10.1371/journal.pone.0241956.t001
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Table 2. Signs, imaging and laboratory characteristics on presentation. Data are presented as numbers and percentages in parentheses unless otherwise specified.

Non HCW HCW Difference in % unless otherwise specified (95% CI)
Fever>38° C 426 (16) 30 (16) 1(-5-6)
Tachypnea (RR>24/min.) 335(13) 12 (6) 7 (2-10)
Mypoxemia
e 206579) | 6o |- BT
8993 ea(4) | 106) 0G-1D)
<88% 200 (8) 5(3) 5(1-7)
Bilateral opacities on imaging 1189 (45) 38 (20) 25 (18-31)
Leukopenia<4000/ml 157 (9) 9 (13) -3 (-14-3)
Lymphocytopenia <1000/ml 532 (20) 12 (6) 14 (9-17)
Creatinine >1.5 mg/dL 272 (16) 5(7) 9 (-1-14)
D-Dimer>750 mg/L 223 (23) 5(10) 12 (-1-19)
CRP >8.2 mg/ml 650 (45) 21 (43) 2 (-13-16)
Procalcitonin>0.5 ng/ml 256 (18) 6 (13) 5(-10-13)
AST>40 U/ml 721 (46) 30 (50) -4 (-18-9)
Troponin >0.06 ng/ml 130 (9) 2 (4) 5(-6-9)
Mean (SD) length of symptoms prior to ED arrival, days 6 (7) 5(5) 1.5 (0.5-2.5)

HCW: Healthcare worker; RR: Respiratory rate; SD: Standard deviation.

https://doi.org/10.1371/journal.pone.0241956.t1002

tachypneic (6% vs 13%; mean difference 7, 95%CI 2-10, P<0.01), hypoxemic (8% vs 22%;
mean difference 13%, 95%CI 8-17, P<0.01), have bilateral lung opacities on imaging (20% vs
45%; mean difference 25, 95%CI 18-31, P<0.01), or have lymphopenia (6% vs 20%; mean dif-
ference 14, 95%CI 9-17, P<0.01).

HCW were more likely than non HCW to be directly discharged from the ED (154/193
[80%] vs 1275/2649 [48%]; mean difference 32, 95%CI 25-37 [P<0.001]). By comparison,
non HCW were more likely to require ICU admission (321/2649 [12%] vs 7/193 [4%];
mean difference 8, 95%CI 4-11, P<0.001), invasive mechanical ventilation (6/193 [10%] vs
255/2649 [3%]; mean difference 7, 95%CI 3-9, P<0.01), and to die (2/193 [8%] vs 219/2649
[1%]; mean difference 7, 95%CI 4-9, P<0.001) than HCW. See Table 3 for complete
results.

Multivariable analyses

After controlling for known potential confounders (including age, sex, comorbidities, vital
signs, and CXR findings), variables significantly associated with admission included age (OR
1.05/year, 95%CI 1.04-1.06), fever (OR 2.1, 95%CI 1.57-2.81), tachypnea (OR 6.0, 95%CI
3.56-1.53), hypoxemia (OR 1.46, 95%CI 1.39-1.53) and presence of comorbidities (OR 1.75,
95%CI 1.35-2.25 and 4.1, 95%CI 3.0-5.5 for one or more comorbidities respectively). HCW
were less likely than non HCW to require hospital admission (OR 0.58, 95%CI 0.36-0.92) even
after adjusting for confounders (Table 4).

Variables associated with ICU admission after adjusting for confounders were male sex
(OR 1.73, 95%ClI, 1.3-2.3), tachypnea (OR 1.54, 95%CI 1.1-2.13), and hypoxemia (OR 1.08,
95%CI 1.05-1.10). Variables associated with IMV were male sex (OR 2.04, 95%CI, 1.48-2.81)
and hypoxemia (OR 1.09, 95%ClI, 1.06-1.12). Variables independently associated with mortal-
ity included male sex (OR 1.97, 95%CI 1.38-2.82), age (OR 1.05/year, 95%CI 1.04-1.07) and
hypoxemia (OR 1.09, 95%CI 1.06-1.12). Being a HCW was not associated with increased risk
of ICU admission, IMV, or mortality.
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Table 3. Disposition. Data are presented as numbers and percentages in parentheses.

No. (%) Non HCW HCW Difference in % unless otherwise specified (95% CI)

Discharged fromED | 1275(48) | 15480 | B2(37-:25)

Admitted to regular floor | 1264(48) [ 8RO | 8@1-34) 0000000

DirectadmittoICU | 034 | 105 | 34

Died in ED 7(0.3) 0 (0) 0.3 (-0.2-0.2)

e e

AL 5410.) | 14G0) 406347

Discharged | 005040) | 002014) | 003(004-009)
Admitted 10.5 (12.1) 6.9 (6.5) 3.6 (1.4-5.8)

Patients requiring IMV 255 (10) 6(3) 7 (3-9)

Patients requiring ICU 321(12) 7 (4) 8 (4-11)

Overall mortality 219 (8) 2(1) 7 (4-9)

HCW: Healthcare worker; ED: Emergency department; CIU: Intensive care unit; IMV: Invasive mechanical

ventilation.

https://doi.org/10.1371/journal.pone.0241956.t1003

Discussion

Our study identifies some differences in HCWs with Covid-19 presenting to the emergency
department compared to non-HCWs. HCW were generally younger and with fewer comor-
bidities than non HCW. Compared with non HCW, HCW were less severely ill as evidenced
by lower rates of tachypnea, hypoxemia, lymphopenia and the presence of bilateral opacities
on radiographic imaging. As a result, HCW were less likely to be admitted to the hospital, to
require ICU level of care, require invasive mechanical ventilation and to ultimately die than
non HCW. This seemingly milder course of disease in HCWs compared to the general popula-
tion in the surrounding community is reported in other studies of Covid-19 in HCWs [5].
Given the large number of HCW in our catchment area and their potential high risk of expo-
sure to Covid-19 [6], it is reassuring to find low rates of severe illness when compared to the
general population. In our study we found that being a HCW was not associated with poor
outcomes even after adjusting for age and comorbidities. A possible reason for our outcomes
may be due to the universal availability and use of PPE by our health care workers. We
assumed that all patients, visitors and employees were potential asymptomatic carriers, and
had instituted strict hand sanitizing protocols, masking and face shields for all staff in contact
with patients who are not Covid-19 positive at the time of admission.

Certain characteristics of HCWs with COVID-19 may be attributed to common character-
istics of HCW's compared with the general population in the surrounding community who are
not HCWs. Although men constitute a larger percentage of total HCWs in the United States,
women make up the majority of most types of healthcare occupations including registered
nurses, home health aides, medical assistants, and physician assistants [7]. This may be
reflected by the large majority of HCW Covid-19 cases in female HCWs. The higher frequency
of HCW Covid-19 infection in females and those in the age group 16-44 has been repeatedly
found in most studies that report this demographic information [2,5,8-15].

Opverall, morbidity and mortality studies for HCWs are sparse, however those that exist sug-
gest that HCWs, particularly physicians, tend to live longer than age and sex matched non
HCW [16]. While some studies have found that physicians are more likely to have chronic
conditions like obesity, metabolic syndromes, hypertension and cardiovascular disease, others
have found that they are at lower risk for these illnesses [1]. HCWs are also more likely to have
come in contact with a sick person because of the nature of their job [16]. This strongly
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Table 4. Multivariable predictors of outcomes.

OR 95% CI
Hospital Admission
Male sex 1.09 0.88-1.35
Age per year 1.05 1.04-1.06
Non-HCW Reference -
HCW 0.58 0.36-0.92
Temp > 38° C 2.10 1.57-2.81
Tachypnea >24/min. 6.00 3.56-10.11
Hypoxemia <94% 1.46 1.39-1.53
Any exposure 0.50 0.40-0.63
#oomorbidies e
LU I Reference | SR
S A 7S 135225
2+ 4.06 3.01-5.47
Invasive Mechanical Ventilation
Male 2.04 1.48-2.81
Age per year 0.99 0.98-1.00
Non-HCW Reference -
HCW 0.97 0.38-2.45
Temp > 38° C 1.30 0.92-1.83
Tachypnea > 24/min. 1.24 0.96-1.78
Hypoxemia <94% 1.09 1.06-1.12
Any exposure 1.22 0.88-1.68
#comorbidies == 000001 0000000000000 0000000000000
S U E Reference | SR
! N 136 . 091204
2+ 1.30 0.87-1/93
ICU Admission
Male sex 1.73 1.30-2.29
Age per year 0.99 0.98-1.00
Non-HCW Reference -
HCW 0.80 0.33-1.91
Temp > 38" C 1.16 0.85-1.60
Tachypnea >24/min. 1.54 1.11-2.13
Hypoxemia 1.08 1.05-1.10
Any exposure 1.13 0.84-1.52

# comorbidities

2+ 1.40 0.97-2.00
Mortality
Male 1.97 1.38-2.82
Age per year 1.05 1.04-1.07
Non-HCW Reference -
HCW 0.94 0.21-4.24
Temp > 38° C 0.77 0.48-1.22
Tachypnea >24/min. 1.45 0.97-2.16
Hypoxemia <94% 1.09 1.06-1.12

(Continued)
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Table 4. (Continued)

OR 95% CI

Any exposure 0.80 0.54-1.19
#oomorbidities e e
e Reference | .
I AR W35 o ..oel-l76

2+ 1.50 0.94-2.41

https://doi.org/10.1371/journal.pone.0241956.t1004

supports the importance of continued use of appropriate PPE for all HCW. All of these factors
have the potential to contribute to an altered course of Covid-19 in HCWs.

Early studies have found that HCW's have made up a large proportion of early cases of
Covid-19, presumably acquired in the hospital. However, deaths among HCW are rare, and
mostly affect older HCWs. With increasing understanding of the disease, the number of HCW
becoming infected has declined [17]. The importance of widespread availability and use of
PPE among HCW is further demonstrated in a recent study finding that HCW who had PPE
were less likely to become infected than those without PPE [18]. Studies conducted during pre-
vious influenza pandemics have also shown low rates of infection with proper use of PPE and
that many HCWs who got infected were relatively young as in our study [19].

At the time of the study, data on asymptomatic infection and super spreaders were not
known. Reliance on hospital or department of health-based testing and PPE was standard for
all HCW. As more information on community spread and on asymptomatic spread is known,
HCW will be better able to decrease their risk of acquisition of Covid-19 outside of work. With
the availability of PPE and quicker identification and isolation of community Covid-19 cases,
we expect further decreases in Covid-19 infection among HCW.

Our study has several notable limitations. Most importantly, our study was retrospective and
subject to considerable selection bias and residual confounding. In addition, the number of health-
care workers was relatively limited. We also did not distinguish between various types of healthcare
workers based on their specific profession. More data is needed on subsets of HCW such as nurses,
physician extenders and other HCW who have direct patient contact on a daily basis. Further-
more, our study is representative of a single large academic center near the epicenter of the Covid-
19 pandemic and may be less representative of other centers. We also did not control for ethnicity.

Conclusions

In summary, we found that when compared to adult non-healthcare workers with Covid-19
presenting to the ED, healthcare workers with Covid-19 were more likely to have an identified
COVID exposure, present less severely ill, and less likely to be admitted to the hospital. Longer
term follow-up of HCW will be needed to better assess the risk of HCW.
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