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ABSTRACT

Background: Because of their direct patient contact, healthcare workers (HCW) face an unprecedented
risk of exposure to COVID-19. The aim of this study was to examine incidence of COVID-19 disease among
asymptomatic HCW and community participants in Northern Virginia during 6 months of follow-up.

Methods: This is a prospective cohort study that enrolled healthy HCW and residents who never had a
symptomatic COVID-19 infection prior to enrolment from the community in Northern Virginia from April
to November 2020. All participants were invited to enrol in study, and they were followed at 2-, and
6-months intervals. Participants were evaluated by commercial chemiluminescence SARS-CoV-2 serology
assays as part of regional health system and public health surveillance program to monitor the spread of
COVID-19 disease.

Findings: Of a total of 1,819 asymptomatic HCW enrolled, 1,473 (96%) had data at two-months interval,
and 1,323 (73%) participants had data at 6-months interval. At baseline, 21 (1.15%) were found to have
prior COVID-19 exposure. At two-months interval, COVID-19 rate was 2.8% and at six months follow-
up, the overall incidence rate increased to 4.8%, but was as high as 7.9% among those who belong to
the youngest age group (20-29 years). Seroconversion rates in HCW were comparable to the seropos-
itive rates in the Northern Virginia community. The overall incidence of COVID-19 in the community
was 4.5%, but the estimate was higher among Hispanic ethnicity (incidence rate = 15.3%) potentially re-
flecting different socio-economic factors among the community participants and the HCW group. Using
cross-sectional logistic regression and spatio-temporal mixed effects models, significant factors that in-
fluence the transmission rate among HCW include age, race/ethnicity, resident ZIP-code, and household
exposure, but not direct patient contact.

Interpretation: In Northern Virginia, the seropositive rate of COVID-19 disease among HCW was compa-
rable to that in the community.

© 2021 The Author(s). Published by Elsevier Ltd.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Abbreviations: CIA, Chemiluminescent immunoassay; COVID-19, Coronavirus disease 2019; HCW, Healthcare worker; PPE, Personal protective equipment; SARS-CoV-2,
severe acute respiratory syndrome coronavirus 2; ZIP, Zone Improvement Plan.
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Research in context

Evidence before this study
» Healthcare workers (HCWs) experience significant burden
from COVID-19 disease because of their direct patient care

with infected individuals.

Added value of this study

The overall prevalence of COVID-19 exposure reflected by
serology testing in asymptomatic HCW at baseline in April
to May 2020 near the beginning of the pandemic was low.
With implementation of public health measures and PPE
in hospital settings the overall incidence rate of SARS-
CoV-2 exposure reflected by incident serology among
HCW over the next 6 months of the pandemic remained
low (~ 4.8%).

The incidence rate of COVID-19 disease among HCW is
similar to the incidence rate of the disease among asymp-
tomatic participants from the community with the im-
portant exception of Hispanic ethnicity potentially reflect-
ing different socio-economic factors among those Hispan-
ics living in the community and the subset employed in
the regional healthcare system.

The main factors that influence the incidence rate among
HCW are younger age groups, race, residential zip code,
and exposure to a COVID-19 infected individual within the
household and not factors such as direct patient contact
or work location within the healthcare system

Implications of all available evidence

« In Northern Virginia, the seropositive rate of COVID-19
disease among HCW was comparable to that in the com-
munity at large.

Introduction

In March 2020, the World Health Organization declared the
coronavirus disease 2019 (COVID-19) a pandemic with millions
of people infected worldwide [1]. The disease is caused by se-
vere acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that
belongs to the beta coronavirus genus [2]. This virus is capa-
ble of human-to-human transmission and spreads via respiratory
droplets causing a respiratory illness that closely resembles SARS-
CoV infection [2]. The aggressive inflammatory response to COVID-
19 can result in airway damage, respiratory failure, cardiac injury,
and multiorgan failure, which lead to death in susceptible patients
3]

Healthcare workers (HCW) faced an unprecedented risk of ex-
posure to SARS-CoV-2 because of their direct patient contact.
While some develop moderate to severe disease, most become in-
fected with no or mild symptoms [4]. Overall, an estimated 40 to
45% of infected individuals may be asymptomatic or mildly symp-
tomatic [5]. Because HCW are more likely to be studied when
compared to community based participants this results in poten-
tial selection bias rather than different clinical case presentation
between the two groups [6,7]. In high-exposure settings, the abil-
ity to accurately assess the prevalence and seropositive rate of in-
fection among HCW has been challenging as many estimates are
derived from small size cohorts or cross-sectional studies without
longitudinal follow-up [4]. The aims of this study are to: (1) iden-
tify the initial prevalence of SARS-CoV-2 exposure among health-
care professionals early in the pandemic, with and without di-
rect patient contact, and other factors that can explain the preva-
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lence of the disease among HCW; (2) examine the rate of sero-
conversion among asymptomatic HCW over time; (3) determine
the factors that influence the seropositivity among asymptomatic
HCW, as compared to asymptomatic members of the regional
community selected for a public health serologic surveillance
program.

Methods
Healthcare workers study population

This is a prospective cohort study that enrolled asymptomatic
HCW in Northern Virginia, United States from April to Novem-
ber 2020, as part of a health surveillance program to monitor
the spread of COVID-19 disease in a large healthcare system in
the mid-Atlantic region. Asymptomatic HCW were included if they
were >18 years of age, employed or contracted by a large inte-
grated health system in Northern Virginia (Inova Health), and will-
ing to sign an informed consent to participate and follow study
procedures. Concerted efforts were made to enrol members of the
ancillary staff, contracting, and other non-medical services to have
a global representation of healthcare workforce within the sys-
tem. Participants were excluded if there was a known or suspected
symptomatic COVID-19 infection at first enrolment time point with
symptoms including fever, cough or shortness of breath, but partic-
ipants who developed symptoms after enrolment were continued
to be followed in the study. After explaining the risks and bene-
fits of enrolment, each participant was asked to read an electronic
informed consent that explicitly defined the aims of this research
study, duration of follow-up, all possible outcomes, the risks in-
volved, and alternatives to participation. Each enrolled participant
signed the electronic consent form using a signature pad and the
document was saved to the electronic medical system. The proto-
col was approved by the Inova institutional review board. Health-
care structures included hospitals, outpatient clinics, community
care clinics, within Inova Health, which is located in the Common-
wealth of Virginia, United States.

Community sample from Northern Virginia

Similar to the HCW cohort, prospective asymptomatic partici-
pants without a known COVID-19 diagnosis residing in the com-
munity were enrolled as part of the public health surveillance
program in Virginia from June 1 to August 14, 2020 from 5 geo-
graphically diverse health system sites: the University of Virginia
Health System, Inova Health System, Sentara, Healthcare, Carilion
Clinic, and Virginia Commonwealth University [8]. Selection of the
sites was based on geographically diverse health system sites from
Northern, Eastern, and Western regions of the state of Virginia.
All community participants had to go to one ambulatory clinic for
testing. All adult outpatient participants presented in person for
scheduled outpatient clinic or outpatient laboratory appointment
were eligible to be enrolled in the community study [8]. All outpa-
tient sites conducted pre-screening to ensure that participants did
not have COVID-19 like symptoms prior to enrolment in the study.
Participants were included in this analysis if they were adults >18
years of age, resided in the Northern Virginia region willing to
sign an informed consent to participate in the study. The com-
munity participants were evaluated in a state wide cross-sectional
surveillance program [8]. The use of community population was
generalizable since it had demographics that matched the region
and drew on multiple ambulatory clinics from a variety of differ-
ent socio-economic districts within Northern Virginia.This proto-
col was approved by the University of Virginia institutional review
board with a waiver of informed consent because the study was
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requested by the Virginia Department of Health as a public health
surveillance according to 45 CFR §46.102. A full description of this
cohort was previously published [8].

Blood collection and laboratory assay measurements

All blood tests for the community cohort were performed at
one site (University of Virginia Medical Laboratory, Charlottesville,
VA) and plasma (lithium heparin tubes) was tested on the Ar-
chitect 112000 analyser (Abbott) using SARS-CoV-2 immunoglobu-
lin G antibody immunoassay for quality control [8]. Approximately
20 mL of blood was drawn at baseline, 2-month, and 6-months
from each HCW participant. At each interval, the following was
performed: COVID-19 IgM-IgG serologic testing to the spike pro-
tein at the Inova Health System Biocore laboratory, Falls Church,
VA (Anti-SARS-CoV-2 Total Reagent Pack, Ortho Diagnostics, Rar-
itan, NJ. A positive serology result was defined by 1.00 signal to
calibrator (S/C) ratio as defined by the manufacturer [9]. Blood was
stored for additional non-genetic tests for five years following en-
rolment. For northern Virginia community participants SARS-CoV-2
enrolment took place at one of several ambulatory clinics in June-
July of 2020 and serology was testing with the Abbott Laboratories
AdviseDx SARS-CoV-2 assay measured at the University of Virginia
as described elsewhere [8]. The Abbott assay used was the anti-IgG
I assay. The sensitivity and specificity for each of the assays were
previously published [10].

Clinical characteristics

For Inova HCW at baseline, the following data were collected:
demographics, cardiovascular risk factors, Zone Improvement Plan
(ZIP) code, and job description identified as “direct patient care” or
“non-direct care”. Race and ethnicity are self-identified categories
chosen by research participants. Home exposure was defined as a
HCW with other domiciliary members with PCR confirmed infec-
tion. Direct patient care was defined as any person who works in
a care provider capacity who comes within six feet of the patient.
At the six months visit, HCW were also queried if they had par-
ticipated in a vaccine study or if another household member had
been diagnosed with COVID-19. During baseline, 2-, and 6-month
visits, participants were screened for temperature and symptoms
related to COVID-19 disease. The primary domiciliary ZIP code for
each participant was collected.

Descriptive statistics and cross-sectional analysis

During the study period, research participants were categorized
into two distinct and separate categories: (1) Inova HCW and (2)
community sample from Northern Virginia. The demographics for
both groups and the type of patient care, location within the
health system for the HCW were reported. Frequencies and per-
centages were calculated for categorical variables and means 4 SD
for continuous variables. The initial prevalence of cases in each
group and seroconversions for the longitudinal follow-up of HCW
for 2- and 6-month time points (i.e., the incidence) were reported.
A multivariable logistic regression model was constructed to evalu-
ate predictors of seroconversion rates during the 6-month interval,
adjusted for age, gender, race and ethnicity, and co-habitation with
a COVID-19 patient. HCW who had participated in a vaccine study
and had positive serology at 6 months were excluded from the 6-
month analysis.

Publicly available COVID-19 dataset for the commonwealth of Virginia

In addition to the two datasets on seropositivity for HCW and
community participants, we considered publicly available cumu-

The Lancet Regional Health - Americas 2 (2021) 100030

lative COVID-19 incident case rate data published weekly at the
ZIP code level by the Virginia Department of Health. This dataset
was densely observed across all ZIP codes in northern Virginia
and is thus used to investigate the nature of spatial correlation
in COVID outcomes, which informed the characterization of spatial
random effects in the HCW seropositivity spatio-temporal mixed
effect model introduced in what follows.

Spatial correlation analysis

In our analyses, the geographical data considered are domicil-
iary ZIP codes for community participants, domiciliary ZIP codes
for HCW, and ZIP codes from publicly available COVID-19 incident
case rate data published at the ZIP code level by the Virginia De-
partment of Health. To calculate distances for the spatial autocorre-
lation analysis and spatio-temporal mixed effects model, we com-
pute the Euclidean distances between ZIP code centers character-
ized by their latitudes and longitudes. In the manuscript, these
distances are expressed in miles using the Haversine formula for
ease of interpretation [11]. To assess the impact of domiciliary lo-
cation on serology positivity, which is commonly utilized in epi-
demiologic studies [12], the COVID-19 incident case data for viral
detection from Virginia Department of Health (molecular and anti-
gen testing) is used to assess the level of spatial correlation among
neighboring ZIP codes. Among many measures of spatial associa-
tion, Moran’s I is one of the most widely used [13,14], which is
utilized in this study. Given a set of observations of a variable of
interest, X1, X, ..., Xy, and a measure of the distance between any
two observations, d,-j fori=1,2,...,Nand j=1,2,...,N, Moran’s
I measures the linear association between observations and neigh-
boring observations weighted according to their respective dis-
tances such that:

- N YL Zl}lzl W(dij) (% —X) (Xj - )Z)

Zé\lzl Z]]yﬂ W(dij) 25\1:1 (% — ’2)2

where X is the average of the N observations and w(-) is a weight
function. For example, let d;; be the typical Euclidean distance.
The inverse of the Euclidean distance can then be used to as-
sign weights to observations such that w(dij):dl.;l for i #j
and w(d;;) =0 for i = j. However, in this study, we use a local-
ized weight function such that wy(d;;) =1 for djj € (k—a. k+a)
and wy(d;;) = 0 otherwise for a given distance interval midpoint k
and interval half-width «. This distance-dependent weight function
yields a localized Moran’s I that can be used to assess the signifi-
cance of the spatial correlation at various distances. Moran’s I can
take on values between —1 and +1 with positive values indicating
positive linear association among neighboring observations.

Spatio-temporal mixed effects modelling

In order to accurately estimate HCW seropositivity over the 6
months follow-up period, a spatio-temporal mixed effects model
is developed that includes fixed effects for time, age, gender, race
and ethnicity, type of patient care, and hospital location, as well as
a spatial random effect to capture spatial correlation among obser-
vations. More specifically,
logl _pupij = Bo + Z,le BiXijk + tj + Si(v, p) + €

where p;; is the probability of seroprevalence for the ith HCW
(i=1,...,N) at the jth time point (j=1,2,3), X, represents
the observed value of the kth independent variable from the ith
HCW at the jth time point, By and B;, B,. ..., Bp are intercept and
fixed effect coefficients respectively, t; is a fixed effect for the jth
time point, s;(v, p) is a spatial random effect, and ¢;; is an inde-
pendent, zero-mean error term. s;(v, p) follows an N-dimensional
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zero mean normal distribution with correlation matrix R(v, p) that
characterizes the spatial autocorrelation among HCW, and ¢;; fol-
lows a normal distribution N(0, 6'2).

The widely adopted Matérn correlation function [15,16] is
used to characterize the spatial correlation such that [R(v, p)];j =

%(pd,-j)” Ky (pd;j) whered;; is the distance between the domi-
ciliary ZIP codes for the ith and jth HCW, v is a smoothness pa-
rameter, o is a scale parameter, and K, (-) is the modified Bessel
function of the second kind of order v. Setting v = 0.5 results in an
exponential correlation function [R(v, p)];; = exp(—pd;;) for which
the rate of decay in the spatial correlation as distance increases is
controlled by p. p is then set such that the spatial correlation by
distance for this model is similar to the spatial correlation by dis-
tance in the COVID-19 incident case data. The Akaike Information
Criterion is used to evaluate model fit and select the most parsi-
monious model[17]. Data analyses were conducted using R statis-
tical software (v.4.0.3; R Foundation for Statistical Computing, Vi-
enna, Austria). The institutional review board at Inova Health and
University of Virginia approved this study.

The role of funding source

This original research study was funded by a seed grant from
the Inova Health System to support the health and wellbeing of
HCWs in the work environment during the pandemic.

Results
Demographic characteristics and seropositivity

Of a total of 1819 asymptomatic HCW enrolled in this prospec-
tive cohort study, 1473 (81%) had serology and clinical data at
the two-months interval, and 1323 (73%) of the participants had
data at 6-months interval. Of those with follow-up data, the ma-
jority were <50 years of age (73.4%), more likely to be women
(p <0.001), and belong to White non-Hispanic ethnic groups
(p = 0.002). Most participants had direct patient contact and 70%
were enrolled from the tertiary referral hospital (Supplemental Ta-
ble 1). At six months, 27% of the study population were no longer
working at the health system or declined to participate and char-
acteristics of these patients are presented in Supplementary Table
2.

At baseline (April/May 2020), 21 (1.2%) HCW were found to
have positive SARS-COV-2 serology. The highest prevalence of pos-
itive serology was among young HCW less than 30 years of age
(prevalence = 2.6%) and Black HCW (prevalence = 4.1%). There
was no appreciable difference in the prevalence of COVID-19 dis-
ease by the type of patient care or hospital location (Table 1). At
two months interval, the incidence rate of COVID-19 positive serol-
ogy was 2.8%. In June/July 2020 (i.e., two-month time point), when
clinical COVID-19 testing was more readily available, 29/41 (70.7%)
of seropositive HCW reported having a positive COVID-19 test and
of the 33 HCW who reported having a positive COVID-19 test, 3/33
(9.1%) failed to seroconvert. Similar to the trends at baseline, par-
ticipants who belong to the 20-29 age category had the highest
positive serology incidence rate (5.6%). By six months interval, the
overall incidence increased to 4.8%. Participants 20-29 years of age
and those of Black race had a higher incidence rate than other par-
ticipants, but rates were similar according to other characteristics
including gender, direct versus indirect patient care, and location
of the hospital (Table 1). In univariable and multivariable mod-
els evaluating the factors associated with positive serology at six
months, the odds of COVID-19 positive serology were the highest
among HCW who belong to the youngest age group, Black race,
and those with exposure to COVID-19 at home. Home exposure of
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COVID-19 has a large impact on HCW positive serology outcomes.
The odds of getting a new positive serology result in workers who
have been exposed to COVID-19 at home is thirteen times as high
as those without a home exposure (Supplemental Fig. 1).

Northern VA community: demographic characteristics and
seropositivity

Similar to the HCW cohort, the majority of participants
(n = 949) were less than 50 years of age, female participants, and
they belong to the white non-Hispanic ethnic group (Supplemen-
tal Table 1). The overall incidence of COVID-19 in the community
was 4.5%. The highest estimates were observed among the partici-
pants younger than 50 years of age or older than 70 years. Similar
to HCW, the incidence among Black and Hispanic participants were
higher than non-Hispanic Whites (Supplemental Table 3). After
adjustment, non-White Hispanics were at the highest risk in the
community (adjusted OR vs. non-Hispanic of 13.49 with 95% con-
fidence interval (6.46, 30.10)).

Northern VA community: spatial correlation in COVID-19 case rates

Fig. 1 illustrates the correlation between community COVID-19
case rates by ZIP code and case rates from other ZIP codes at dif-
ferent distances (in miles) in October 2020, which corresponds to
the 6-month interval. Each point represents the mid-point of a dis-
tance interval with a width of 5 miles. Distances exhibiting sig-
nificant spatial correlation (p-value < 0.05) are indicated by red
points. This figure reveals that spatial correlation decreases with
distance, and locations exhibit significant correlation with other lo-
cations within a 20-mile radius. Supplemental Fig. 2 illustrates the
correlation between community COVID-19 case rates by ZIP code
and case rates from other ZIP codes at different distances (in miles)
for three time points: May 2020, June and July 2020, and October
2020.

HCW: cross sectional and spatio-temporal models

Results from the cross-sectional multivariable logistic regression
model for HCW at 6-month are shown in Table 2. COVID-19 pos-
itive serology was the highest among HCW between the ages of
20-29 years with significantly lower incidence of positive serol-
ogy among HCW over 30 years of age (odds ratios ranging from
0.40 to 0.48). Black HCW exhibited significantly higher incidence of
COVID-19 positive serology compared to white HCW (odds ratio of
2.53 with 95% confidence interval (1.20,5.05)). Exposure to COVID-
19 at home was also associated with increased incidence of COVID-
19 positive serology [odds ratio 13.77 with 95% confidence inter-
val (5.92, 34.30)]. There was no difference in odds of seropositiv-
ity based on non-Hispanic versus Hispanic ethnicity among HCW.
Furthermore, no significant impact on the incidence of positive
COVID-19 serology at 6-month follow-up were found with respect
to gender (adjusted OR male vs. female of 1.52 with 95% confi-
dence interval (0.77, 2.77)), self-described job description with di-
rect or not-direct patient contact (adjusted OR non-direct vs. direct
of 0.93 with 95% confidence interval (0.45, 1.73)), and the hospital
location within the healthcare system (adjusted OR other vs. Inova
Fairfax of 1.32 with 95% confidence interval (0.73, 2.29))

The average COVID-19 case rate in Northern VA as reported
by the Virginia Department of Health, HCW seropositivity, and
seropositivity in participants from the community by their ZIP
code are presented in Fig. 2 from June/July 2020 when commu-
nity serology data was available. In this figure, the zip codes with
the highest seropositivity among HCW corresponds to intermediate
to high seropositivity rates in the community and Virginia Depart-
ment Health data. In fact, both HCW seropositivity and seropositiv-
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Table 1

Cross-sectional seropositivity rates at each time point (period prevalence).
Variables Baseline Two Months Six Months
Overall 21/1819 (1.2%)  41/1473 (2.8%)  64/1323 (4.8%)

Age by decade, years, n (%)

20-29 10/381 (2.6%)
30-39 5/543 (0.9%)
40-49 3/424 (0.7%)
50-59 1/310 (0.3%)
>60 2/161 (1.2%)
Gender, n (%)

Female 18/1432 (1.3%)
Male 3/387 (0.8%)

Race & Ethnicity, n (%)

White 7/1031 (0.7%)
Black 9/219 (4.1%)
Hispanic 2/165 (1.2%)
Other 3/404 (0.7%)

Type of Patient Care, n (%)

Direct
Non-direct
Location, n (%)
Inova Fairfax
Other

19/1427 (1.3%)
2/392 (0.5%)

18/1317 (1.4%)
3/502 (0.6%)

17/302 (5.6%)
11/436 (2.5%)
9/340 (2.6%)
2/257 (0.8%)
2/138 (1.4%)

35/1196 (2.9%)
6/277 (2.2%)

22/856 (2.6%)
5/168 (3.0%)
4122 (3.3%)
10/327 (3.1%)

36/1171 (3.1%)
5/302 (1.7%)

33/1034 (3.2%)
8/439 (1.8%)

20/253 (7.9%)
18/381 (4.7%)
12/321 (3.7%)
9/238 (3.8%)
5/130 (3.8%)

49/1070 (4.6%)
15/253 (5.9%)

31/775 (4.0%)
13/147 (8.8%)
8/104 (7.7%)

12/297 (4.0%)

51/1051 (4.9%)
13/272 (4.8%)

43948 (4.5%)
21/375 (5.6%)

Spatial Autocorrelation by Distance in October

°

Moran’s | Index

20 30 40
Distance(mile)

Fig. 1. Spatial correlation by distance. Moran’s I is a commonly used measure of spatial autocorrelation. This figure illustrates the correlation between COVID-19 case rates
by zone improvement plan (ZIP) code and case rates from other ZIP codes at different distances (in miles) in October 2020. Distances exhibiting significant spatial correlation
(p-value < 0.05) are indicated by red points. Spatial correlation decreases with distance, and locations exhibit significant correlation with other locations within a 20-mile

radius.

ity in participants from the community exhibit significant spatial
cross-correlation with average COVID-19 case rates in Northern VA
(p-values 0.006 and <0.001 respectively) [18].

Evidence of spatial correlation in the community COVID-19 case
rates motivate the development of a spatio-temporal mixed effects
model for HCW (Table 3). Since significant spatial correlation in
community COVID-19 case rates is noted among locations with dis-
tances of 20 miles or less, the scale parameter for the spatial cor-
relation function, p, is set to 8.33 so that the spatial correlation
function for this model also exhibits significant autocorrelation for
distances of 20 miles or less (Supplemental Fig. 3). The results
show that higher odds ratios for positive test outcome were found
at 2- and 6- month time points, 4.3 times and 6.9 times higher
than baseline. Results of other variables in the mixed effect model
align with the cross-sectional model. Interaction effects between

time and each variable were considered, but only the interaction
between time and race and ethnicity produced a significant inter-
action effect with the 2-month time point. Overall, the odds ratio
for Black HCW is higher than White non-Hispanic workers, which
aligns with the cross-sectional model. The Akaike Information Cri-
terion (AIC) values for successive model fits obtained by adding
each variable one at a time (Supplemental Fig. 4) suggest that ac-
counting for time, age, race and ethnicity, and spatial correlation
improved the model fit, as noted by the reduction in the AIC val-
ues, while adding other factors did not improve the model fit.

Discussion
This is a prospective serology study of (1) asymptomatic HCW

in a large regional healthcare system and (2) asymptomatic partic-
ipants from the same communities in Northern Virginia. The major
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Table 2

Cross-sectional model at 6-month estimation.
Variable Crude Odds OR 95% CI Adjusted Odds OR 95% CI

Ratio Lower Bound  Upper Bound  Ratio Lower Bound  Upper Bound

Decade of Life
20-29 1.00 - - 1.00 - -
30-30 0.58 0.30 1.12 0.48 0.23 0.96
40-49 0.46 0.21 0.94 0.44 0.19 0.92
50-59 0.47 0.19 1.01 0.41 0.16 0.93
>60 0.50 0.15 1.23 0.40 0.11 1.05
Gender
Female 1.00 - - 1.00 - -
Male 1.34 0.70 2.36 1.52 0.77 2.77
Race & Ethnicity
White 1.00 - - 1.00 - -
Black 2.37 1.15 4.51 2.53 1.20 5.05
Hispanic 2.08 0.84 4.38 1.37 0.50 3.09
Other 1.03 0.49 1.97 1.07 0.50 2.07
Type of Patient Care
Direct 1.00 - - 1.00 - -
Non-direct 1.01 0.51 1.82 0.93 0.45 1.73
Location
Inova Fairfax 1.00 - - 1.00 - -
Other 1.26 0.72 212 1.32 0.73 2.29
Home COVID-19 Exposure
No 1.00 - - 1.00 - -
Yes 15.26 6.60 33.66 13.77 5.92 3430

Abbreviations: CI = confidence interval; COVID-19 = Coronavirus Disease 2019; OR = odds ratio.
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Fig. 2. COVID-19 case rate by zone improvement plan (ZIP) code in Northern Virginia over June to July 2020: (A) Virginia Department of Health data on COVID-19 molecular
and antigen testing confirmed rate; (B) seropositive rate of COVID-19 disease among healthcare workers; (C) seropositive COVID-19 rate of research participants from the

community.

findings of this study are as follows: (1) The overall prevalence of
COVID-19 exposure reflected by serology testing in HCW at base-
line in April to May 2020 near the beginning of the pandemic was
low; (2) with implementation of public health measures and PPE
in hospital settings the overall incidence rate of SARS-CoV-2 ex-
posure reflected by incident serology among HCW over the next
6 months of the pandemic remained low (~ 4.8%); (3) the inci-
dence rate of COVID-19 disease among HCW is similar to the in-
cidence rate of the disease among asymptomatic participants from
the community with the important exception of Hispanic ethnicity
potentially reflecting different socio-economic factors among those
Hispanics living in the community and the subset employed in
the regional healthcare system; (4) the main factors that influence
the incidence rate among HCW are younger age groups, race, res-
idential zip code, and exposure to a COVID-19 infected individual
within the household and not factors such as direct patient contact
or work location within the healthcare system (Fig. 4).

The COVID-19 disease has exerted a heavy toll on HCW includ-
ing physicians, nursing staff, and allied health professional since

the beginning of the pandemic. Despite the significant impact of
the disease on healthcare systems at large, HCW have shown re-
markable resilience in providing care during the pandemic[19].
Early during the pandemic, the prevalence of COVID-19 among
asymptomatic healthcare workers was quite low (~prevalence 0 to
1.6%), which is similar to the point prevalence in our study (~1.2%)
[20,21]. However, as time has progressed, the exposure of HCW
to the disease has become more burdensome, especially among
those with direct contact with COVID-19 patients. Shah et al. eval-
uated the risk of transmission of COVID-19 among HCW in patient
and non-patient facing roles[22]. They found that HCW and their
households accounted for 17.2% of the total COVID-19 admission
in Scotland, while representing only 11.2% of the population[22].
In the United States, Erdem et al. examined COVID-19 infection
among HCW and estimated that there are more than 114,529 in-
fections among HCW representing 34 cases per 100,000 individuals
among the U.S. population [23].

As part of a systematic effort to screen and limit the COVID-19
infection among HCW, serial serologic-based testing has been sug-
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Table 3
Spatial-temporal mixed effect model estimation.
Variable Crude Odds OR 95% CI Adjusted OR 95% CI
Ratio Lower Bound  Upper Bound  Odds Ratio Lower Bound  Upper Bound
Time
Baseline 1 1
2-Months 420 1.82 11.07 432 1.86 11.41
6-Months 6.61 2.96 17.09 6.88 3.06 17.85
Decade of Life
20-29 1 1
30-30 0.45 0.27 0.74 0.43 0.26 0.72
40-49 0.44 0.25 0.76 0.42 0.23 0.76
50-59 0.28 0.13 0.56 0.28 0.13 0.57
60+ 0.56 0.24 1.20 0.61 0.25 1.36
Gender
Female 1 1
Male 091 0.54 1.47 1.07 0.61 1.78
Race & Ethnicity
White 1 1
Black 5.19 1.74 16.07 6.45 2.13 2032
Hispanic 2.01 0.29 8.88 1.72 0.24 7.82
Other 1.30 0.27 4.92 1.43 0.30 5.45
Type of Patient Care
Direct 1 1
Non-direct 0.71 0.40 1.18 0.70 0.39 1.20
Location
Inova Fairfax 1 1
Other 0.65 0.40 1.02 0.72 0.44 1.16
Interaction Terms'
2-Months x Black 0.15 0.03 0.64 0.15 0.03 0.63
6-Months x Black 033 0.09 1.18 0.32 0.08 1.15
2-Months x Hispanic  0.73 0.11 6.32 0.77 0.11 6.79
6-Months x Hispanic ~ 1.11 0.20 8.81 1.18 0.20 9.58
2-Months x Other 1.06 0.23 5.89 1.04 0.22 5.79
6-Months x Other 0.95 0.21 5.16 0.90 0.20 491
Abbreviations: CI = confidence interval; OR = odds ratio.
T Reference group: Time: baseline; Race and Ethnicity: White.
gested for use in the population as a whole to (1) understand the
COVID-19 epidemiology; (2) assess an individual’s previous SARS-
CoV-2 exposure, and neutralization antibody [2]. Using serologic
testing, the prevalence of COVID-19 among asymptomatic HCW in
our study at baseline was quite low (~1.2%) and they remained low
at 2 and 6-months follow-up (~4.8%). In a longitudinal study of
both symptomatic and asymptomatic HCW in the U.K,, the preva-
lence of seropositive result was much higher (9.4%) [24]. Nguyen s
et al. performed a prospective cohort study of the general commu-
nity including HCW and found that of the 99,795 frontline HCW 9
included, only 5545 (5.5%) had positive serology, which is consis- e 6
. . . =
tent with our estimates [25]. However, unlike the results of that S
study, the incidence rates at 2 and 6-months estimates in our s 4k
study were similar to that in the general community. The peak -.‘g‘
of the number of PCR positive COVID-19 cases among HCWs cor- S 2029 yrs—""
responded to that in the community at large, which is consistent 3 2r
with our results. 30500
Several reasons can explain the similar seropositive rate among g |
HCW and among participants living in the same community. First, 0 i ! ’
L. . . Baseline 2 months 6 months
the strict implementation of the public health measures suggested
by the Centers of Disease Control and Prevention in healthcare sys-
tems had a substantial effect on healthcare delivery and access
to care. In Northern Virginia, the use of gowns, gloves, handing Factors
washing, eye protection, and several layers of personal protective inﬂubelndn%
. . i variability o
devices became mandatory early April as the cases were rising. Bicters i

Second, the cancelation of elective procedures and surgeries, the
utilization of telemedicine, and development of specialized COVID
units played an important role in limiting the transmission rates
[7]. At six-months follow-up, the factors that influenced the trans-
mission of new SARS-CoV-2 infection include younger age group,
African American ethnicity, residency and ZIP-code, and contact
with a COVID-19 + household member (Fig. 3). In a living doc-

Fig. 3. (Central Illustration): Factors considered to influence the seropositive rates
of COVID-19 disease among healthcare workers in Northern Virginia in longitudi-
nal model over six months. Red arrows were significant factors that increased risk,
yellow arrow associated with increased and decreased risk, and green arrow repre-
sents decreased risk for seroconversion in a multivariate model.
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ument that systematically collects data on the epidemiology and
risk factors for COVID-19 disease in HCW, ethnic minority as a
class, including Black race, was associated with increased risk of
infection, which is consistent with our findings [4]. Further, our
results show that the strength of the spatial correlation among
nearby locations (as measured by Moran’s I) decreases over time
(Supplemental Fig. 2), which may be associated with the adop-
tion of public health measures designed to limit COVID-19 expo-
sure within the community. Factors specific to the healthcare sys-
tem including direct vs. indirect exposure to COVID-19 unit, the
location of the hospital within the system did not have a signifi-
cant effect on the infection among HCWs. This is consistent with a
prior observation by Steenssels and colleagues, who reported that
neither being directly involved in COVID-19 care or nor working
in COVID-19 unit increased the odds of seropositive infection, but
home exposure was also a major factor associated with positive
serology [26].

This study is not without limitations. First, of the initial 1819
patients enrolled, 1473 (81%) had serologic data during two-
months interval, and 1323 (73%) had serologic data at 6-months
follow-up. The highest dropout rates occurred among adults age
20-29 and 30-39 years. Participants who belong to ethnic mi-
norities also showed higher dropout rates. Because of the impact
of the pandemic, many allied health professionals (disproportion-
ately represented by underrepresented minorities) left the health-
care system, and they were not willing to continue to participate
in a healthcare study despite efforts by the investigators to en-
gage their interest. However, given that this large study started
early during the pandemic, at a time of high anxiety the major-
ity of the study population agreed to participate and be followed
up despite their demanding schedules. Second, there is the poten-
tial of self-referral by HCW including physicians, nursing staff, and
allied healthcare providers to monitor their seropositive rates as
they care for COVID-19 patients. To mitigate this effect, the inves-
tigators provided open access to any healthcare provider or allied
professional to be enrolled in the study with multiple enrolment
sites in close proximity within the healthcare system to where
they worked or congregated (i.e. near break rooms) and daily ap-
pointments during the individual’s follow-up period + seven days.
Throughout the period of the study, advertising and marketing
throughout the healthcare system via electronic and written com-
munications, and townhall meetings were implemented to increase
awareness on this systematic effort to enrol and retain healthcare
participants. Third, the Ortho-Clinical Diagnostics VITROS “Anti-
SARS-CoV-2 Total Reagent Pack” is currently reported to have a
specificity of 100% (400/400) with a 95% CI (99-100%) [9]. A speci-
ficity of 99.5% would be realistic suggesting approximately 9 ini-
tial false-positive tests given our sample size. However, in a prior
publication evaluating a viral neutralization assay in the baseline
positive binding assay cohort the presence of neutralization was
seen in all tested participants samples [2,27]. Fourth, we did not
perform an orthogonal serologic testing strategy for population
surveillance because the serologic testing used in this study had
very high specificity and negative predictive value [2]. Fifth, some
variables in this study are self-identified or self-described, which
can potentially introduce response bias. Finally, the use of two sep-
arate assays targeting different antibodies to SARS-CoV-2 may limit
direct comparisons between HCWs and the community, but gener-
ally given the very high sensitivity and specificity for both assays
they can give an estimate on seropositivity between groups.

Conclusion
In Northern Virginia, the seropositive rate of COVID-19 disease

among HCW was comparable to that in the community. Future
studies are needed to evaluate which factors implemented in the

The Lancet Regional Health - Americas 2 (2021) 100030

health system were most effective at reducing risk to be similar to
the surrounding community despite frequent exposure to COVID-
19 infected patients.

Contributors

AAD, AH, EFP, LL, GLM, ERH, DT, and CRD contributed to the
conception and design of this study; AAD, BCR, RB, SG, and CRD
contributed to the acquisition of data; AAD, SW, SAB, CRD con-
tributed to the analysis and interpretation of data. AAD and CRD
drafted the manuscript and all authors critically revised it for im-
portant intellectual content and approved the final version to be
submitted. CRD is the guarantor of the paper, taking responsibility
for the integrity of the work as a whole. All authors met the four
criteria for authorship in the ICMJE recommendations.

Declaration of Competing Interest
None.
Acknowledgment

The authors would like to acknowledge Ms. Devon Stuart for
her work on medical illustration and Ortho Diagnostics, Raritan, N]
for their donation of the anti-SARS-CoV-2 reagent packs. A written
consent form from the medical illustrator was obtained to grant
the permission for print rights, electronic, time-period, and geo-
graphic distribution.

Data sharing statement

Non-publicly available data could not be shared because of data
use agreement between the Inova Health, University of Virginia,
and Virginia Department of Health.

Funding

Dr. Damluji receives research funding from the Pepper Schol-
ars Program of the Johns Hopkins University Claude D. Pepper
Older Americans Independence Center funded by National Institute
on Aging P30-AG021334 and the National Heart, Lung, and Blood
Institute Mentored Patient-Oriented Research Career Development
Award K23-HL153771-01. Dr. deFilippi, Dr. Bruce, and Mr. Wei re-
ceive funding from the National Center for Advancing Translational
Science of the National Institutes of Health Award UL1TR003015.
Research reported in this publication was supported in part by
the National Center for Advancing Translational Sciences of the Na-
tional Institutes of Health under Award Number UL1TR003015. The
content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes
of Health.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.lana.2021.100030.

References

[1] Peeling RW, Wedderburn CJ, Garcia PJ. Serology testing in the COVID-19 pan-
demic response. Lancet Infect Dis 2020;20(9) e245-e9.

[2] Damluji AA, Christenson RH, deFilippi C. Clinical application of serologic test-
ing for coronavirus disease 2019 in contemporary cardiovascular practice. ] Am
Heart Assoc 2021;10(5):e019506.

[3] Fauci AS, Lane HC, Redfield RR. COVID-19 - navigating the uncharted. N Engl ]
Med 2020;382(13) 1268-9 k.

[4] Chou R, Dana T, Buckley DI, Selph S, Fu R, Totten AM. Update alert 7: epidemi-
ology of and risk factors for coronavirus infection in health care workers. Ann
Intern Med 2021:L21-0034.


https://doi.org/10.1016/j.lana.2021.100030
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0001
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0002
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0003
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0004
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0004

A.A. Damluji, S. Wei, S.A. Bruce et al.

[5] Prevalence of Asymptomatic SARS-CoV-2 Infection. Ann Intern Med
2020;173(5):362-7.

[6] Gholami M, Fawad I, Shadan S. COVID-19 and healthcare workers: a systematic
review and meta-analysis. Int ] Infect Dis 2021;104:335-46.

[7] Chou R, Dana T, Selph S, Totten AM, Buckley DI, Fu R. Update alert 6: epidemi-
ology of and risk factors for coronavirus infection in health care workers. Ann
Intern Med 2021;174(1) W18-W9.

[8] Rogawski McQuade ET, Guertin KA, Becker L. Assessment of seroprevalence of
SARS-CoV-2 and risk factors associated with COVID-19 infection among outpa-
tients in Virginia. JAMA Netw Open 2021;4(2) e2035234-e.

[9] Ortho Clinical Diagnostics. VITROS immunodiagnostic products anti-SARS-CoV-
2 total reagent pack and VITROS immunodiagnostic products anti-SARS-CoV-2
Total calibrator instructions for use. Version 3.0. Rochester, New York2020.

[10] Garnett E, Jung ], Tam E. Clinical validation and performance evaluation of
the automated vitros total anti-SARS-CoV-2 antibodies assay for screening of
serostatus in COVID-19. Am ] Clin Pathol 2020;154(6):742-7.

[11] Robusto CC. The cosine-Haversine formula. Am Math Mon 1957;64(1):38-40.

[12] Auchincloss AH, Gebreab SY, Mair C. A review of spatial methods in epidemi-
ology. 2000-2010. Annu Rev Public Health 2012;33:107-22.

[13] Moran PAP. Notes on continuous stochastic phenomena. Biometrika
1950;37(1/2):17-23.

[14] Jackson MC, Huang L, Xie Q, Tiwari RC. A modified version of Moran’s L. Int ]
Health Geogr 2010;9(1):33.

[15] Matern B. Spatial variation, meddelanden fran statens skogsforskningsinstitut,
Springer-Verlag, New York: Lecture Notes in Statistics 36; 1986. 49, 5. Second
ed..

[16] Stein ML. Statistical interpolation of spatial data: some theory for kriging.
Springer-Verlag New York; 1999.

[17] Akaike H. Information theory and an extension of the maximum likelihood
principle. Budapest, Hungary: Akadémiai Kiadé; 1973.

The Lancet Regional Health - Americas 2 (2021) 100030

[18] Chen Y. A new methodology of spatial cross-correlation analysis. PLoS One
2015;10(5) e0126158.

[19] Karlsson U, Fraenkel C-]. COVID-19: risks to healthcare workers and their fam-
ilies. BMJ 2020;371:m3944.

[20] Al-Zoubi NA, Obeidat BR, Al-Ghazo MA. Prevalence of positive COVID-19
among asymptomatic health care workers who care patients infected with the
novel coronavirus: a retrospective study. Ann Med Surg (Lond) 2020;57:14-16.

[21] Lombardi A, Consonni D, Carugno M. Characteristics of 1573 healthcare work-
ers who underwent nasopharyngeal swab testing for SARS-CoV-2 in Milan,
Lombardy, Italy. Clin Microbiol Infect 2020;26(10) 1413.e9-.e13.

[22] Shah ASV, Wood R, Gribben C. Risk of hospital admission with coronavirus
disease 2019 in healthcare workers and their households: nationwide linkage
cohort study. BMJ 2020;371 m3582.

[23] Erdem H, Lucey DR. Healthcare worker infections and deaths due to COVID-19:
a survey from 37 nations and a call for WHO to post national data on their
website. Int ] Infect Dis 2021;102:239-41.

[24] Lumley SF, O'Donnell D, Stoesser NE. Antibody status and incidence of SARS-
CoV-2 infection in health care workers. N Engl ] Med 2020;384(6):533-40.

[25] Nguyen LH, Drew DA, Graham MS. 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-e83.

[26] Steensels D, Oris E, Coninx L. Hospital-Wide SARS-CoV-2 Antibody Screening
in 3056 Staff in a Tertiary Center in Belgium. JAMA 2020;324(2):195-7.

[27] Haymond A, Damluji AA, Narayanan A. Durability of viral neutralization in
asymptomatic coronavirus disease 2019 for at least 60 days. ] Infect Dis
2021;223(10):1677-80.


http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0005
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0006
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0007
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0008
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0008
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0008
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0008
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0010
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0011
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0011
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0012
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0013
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0014
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0015
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0016
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0017
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0018
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0018
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0019
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0019
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0019
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0020
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0021
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0022
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0023
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0024
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0025
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0026
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0027
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0027
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0027
http://refhub.elsevier.com/S2667-193X(21)00022-3/sbref0027

