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A growing body of evidence demonstrates that asymptomatic and pre-symptomatic
transmission of SARS-CoV-2 is a major contributor to the COVID-19 pandemic. Frontline
healthcare workers in COVID-19 hotspots have faced numerous challenges, including
shortages of personal protective equipment (PPE) and difficulties acquiring clinical
testing. The magnitude of the exposure of healthcare workers and the potential for
asymptomatic transmission makes it critical to understand the incidence of infection in
this population. To determine the prevalence of asymptomatic SARS-CoV-2 infection
amongst healthcare workers, we studied frontline staff working in the Montefiore Health
System in New York City. All participants were asymptomatic at the time of testing
and were tested by RT-gPCR and for anti-SARS-CoV-2 antibodies. The medical,
occupational, and COVID-19 exposure histories of participants were recorded via
questionnaires. Of the 98 asymptomatic healthcare workers tested, 19 (19.4%) tested
positive by RT-gPCR and/or ELISA. Within this group, four (4.1%) were RT-gPCR
positive, and four (4.1%) were PCR and IgG positive. Notably, an additional 11 (11.2%)
individuals were IgG positive without a positive PCR. Two PCR positive individuals
subsequently developed COVID-19 symptoms, while all others remained asymptomatic
at 2-week follow-up. These results indicate that there is considerable asymptomatic
infection with SARS-CoV-2 within the healthcare workforce, despite current mitigation
policies. Furthermore, presuming that asymptomatic staff are not carrying SARS-CoV-2
is inconsistent with our results, and this could result in amplified transmission within
healthcare settings. Consequently, aggressive testing regiments, such as testing frontline
healthcare workers on a regular, multi-modal basis, may be required to prevent further
spread within the workforce and to patients.

Keywords: COVID-19, SARS-CoV-2, healthcare worker, asymptomatic infection, coronavirus, asymptomatic
infection carriers

INTRODUCTION

Throughout the progression of the COVID-19 pandemic, healthcare workers (HCWs) have
experienced high levels of exposure to SARS-CoV-2, with the risk of infection rising with each time
point of exposure (1, 2). HCWs are at greatest risk of SARS-CoV-2 infection, representing a large
percentage of new infections. This, in part, has related to challenges in acquiring adequate personal
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protective equipment (3), resulting in a great deal of anxiety and
distress amongst providers due to concern for self-infection with
COVID-19 and family exposure (4). An important element in
the discussion of community and healthcare-worker infection
relates to asymptomatic and pre-symptomatic transmission of
COVID-19, which may occur in up to 30% of individuals (5-
7). New York City has been more severely affected then most
(8), with widespread community infection, including a significant
high-acuity disease burden (9). Attempts to address this concern
are currently in their infancy, with widespread rollout of PCR-
based and serological assessment in their early phases (10).
Results of a recent New York State pilot study, which randomly
tested 15,000 residents for serological evidence of SARS-CoV-2
exposure, found over 10% seroconversion statewide, with nearly
25% seropositivity in New York City (11). Importantly, we do
not yet know the significance of seropositivity against SARS-
CoV-2, particularly since most serological studies have been
done in patients with a history of severe disease, and relative
titers in asymptomatic carriers may not indicate immunity from
transmission or infection (12).

Given the elevated risk of COVID-19 infection among
HCWs and the consequent distress and concern from potential
asymptomatic infection and transmission, we endeavored to
address the rate of asymptomatic or possibly resolved infection
among HCWs. We proceeded to test a cohort of clinicians at
our institution for COVID-19 infection, including those working
in COVID-19 intensive care units, specialty service physicians,
and ambulatory staff. We evaluated both current infection
via RT-qPCR sampling for SARS-CoV-2 and serology for the
presence of anti-SARS-CoV-2-IgG antibodies. Beyond assessing
the rate of active and resolving infections within our clinicians,
internal testing would allow us to help prevent further spread of
COVID-19 by serving as a screening tool, keeping any infected,
asymptomatic HCWs quarantined pending disease presentation.
Finally, the ability to reassure our HCWs that they are not
infected and identify HCWs who may have silently recovered
from COVID-19 is important for attenuating worker anxiety.

METHODS
Study Design and Oversight

This cross-sectional study was approved by the Albert Einstein
College of Medicine Institutional Review Board, with all subjects
providing written informed consent. The goal of this study was
to identify both asymptomatic HCW carriers of the SARS-CoV-
2 virus, as well as those that may be immune to the virus,
as denoted by serum IgG anti-SARS-CoV-2-nucleocapsid (IgG-
anti-n) antibodies. These results would then assist in determining
the safe deployment of staft within the hospital system to meet the
demands of the COVID-19 healthcare crisis as well as provide
an assessment of the rate of clinician infection in a COVID-
19 hotspot.

Study Participants/Demographics

Adult clinicians working within the Montefiore Health System,
Bronx, New York City, active during the COVID-19 pandemic,
were recruited to participate in the study (testing conducted

between 04/04-20/2020). Three positive control samples
(initially testing positive by RT-qPCR between 3/23-4/5/2020
and at least 2 weeks prior to serum sampling for serology)
were included as well. The goal was to sample clinicians with
varying degrees of hospital exposure to COVID-19 patients
who were not exhibiting typical symptoms of COVID-19
(including fever, cough, and shortness of breath) at the time
of participation. Exclusion criteria included an age over 65, as
the risk of infection during testing outweighed the benefits, and
individuals with any signs or symptoms typical of COVID-19.
Each participant completed a survey pertaining to the current
COVID-19 pandemic, exposure, workplace histories, recent
history of symptoms attributable to COVID-19 infection, and
medical history (used to calculate the Charlson Comorbidity
Index score). Statistical relationships between groups were
calculated using the Pearson’s Chi-squared test and Fisher’s
Exact test for categorical variables, the Mann-Whitney-U test
for continuous variables, and the Kruskal Wallis H test for
comparison of IgG titers.

SARS-CoV-2 RT-qPCR Testing

Participants underwent both nasopharyngeal and oropharyngeal
swabbing concurrently, and samples were pooled. We collected
swabs directly into the RNA-lysis buffer, and we then isolated
RNA using a Zymo Research RNA MicroKit (Irvine, CA)
according to manufacturer’s recommendations. Each RNA
sample was evaluated by spectrophotometry and then analyzed
by RT-qPCR according to CDC-recommended protocols (13) for
SARS-CoV-2 testing with slight modification, utilizing primers to
the nucleocapsid gene (N1 and N2) and RnaseP (RP) as a control
(IDTDNA, Coralville, TIA). Commercially available plasmid
controls were utilized for all primer sequences (IDTDNA). After
validating accuracy on several positive controls and redundantly
running the reaction on multiple samples, the reaction volume
was scaled down from a 96-well-plate format to a 384-well-plate
format, with samples run on the Applied Biosystems Via7 system
and analyzed using the QuantStudio software package (Thermo
Scientific, Waltham, MA).

ELISA for Anti-SARS-CoV-2-Nucleocapsid
IgG

Blood was collected from each participant into serum separator
tubes (BD, Franklin Lakes, NJ), allowed to coagulate at
room temperature for 60 min, and then stored at 4°C until
centrifugation. Serum was analyzed in duplicate using an anti-n
IgG ELISA (Epitope Diagnostics Inc., San Diego, CA), according
to manufacturer’s recommendations with slight modification.
Assay cut-off values per the protocol were determined as follows:
the optical densities of the negative control samples (all of
which between 0.19 and 0.22) were averaged and adjusted by
addition of a constant (0.18). This resultant reference value
was then multiplied by a correction factor of 1.1 (which
represents the cutoff value); anything above this being positive
and anything below being negative. In addition to the internal
controls provided with the kit, we included three participants
with a history of RT-qPCR-positive SARS-CoV-2 infection as
positive controls.
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TABLE 1 | Demographics and clinical characteristics of frontline healthcare
providers tested for SARS-CoV-2.

Demographics and clinical Total Positive® Negative P-

variables nN=98) (n=19) (n=79) value®
Mean age (+/- SD)- yr. 37.6 38.8 37.4(9.8) 0.815!

(10.6) (13.7)

Sex—no. (%) 1.000?
Male 49 (50.0) 10(52.6) 39 (49.4)

Female 49 (50.00 9(47.4) 40 (50.6)

Job Type—no. (%) 0.240°
Both inpatient and outpatient 86 (87.8) 15(79.0) 71 (89.9)
Exclusively outpatient 12(12.3)  4(21.5) 8(10.1)

Job Title—no. (%) 0.415°%
Physician 62 (63.3) 12(63.2) 50 (63.3)
Physician’s Assistant 15(16.3) 4(21.5) 11 (13.9)

Nurse Practitioner 9(9.2) 3(15.8) 6 (7.6)

Nurse 6 (6.1) 0 6 (7.6)

Perfusionist 6 (6.1) 0 6 (7.6)
SARS-CoV-2 Exposure Risk Index- 0.292°
no. (%)

No known exposure 7(7.1) 1(6.9 6 (7.6)

Wearing full PPE 57 (68.2) 8(42.1) 49(62.0)

Conventional droplet 16 (16.3) 5(26.3) 11(13.9)
precautions

No PPE 18(18.4) 5(26.3) 13(16.5)
Typical COVID-19 symptoms- no. 0.0522
(%)

Absent 67 (68.4) 9(47.3) 58 (73.4)

Present 31(31.6) 10(52.6) 21 (26.6)

Comorbidities—no. (%) 0.7852
None 68 (69.4) 14 (73.7) 54(68.4)

Asthma 10(10.2)  2(10.5) 8(10.1)
Hypertension 5(5.1) 2 (10.5) 3(3.8)
Hyperlipidemia 5(56.1) 0 5(6.3)
Malignancy 4(4.9) 1(6.3 3(3.9)
Autoimmune disease 3(3.1) 0 3(3.8)
Diabetes mellitus 2 (2.0 1(6.9) 1(1.9)
Inflammatory bowel disease 2 (2.0) 0 2(2.5)
Endocrine disorder 2 (2.0) 0 2(2.5)
Hematological disorder 2(2.0 0 2 (2.5
Charlson Comorbidity Index — no. 0.205°
(%)
0 80(81.6) 13(68.4) 67 (84.0)
1 10(102) 4@21.1)  6(7.6)
2 4 (4.1) 1(6.9) 3(3.8)
3 1(1.0) 0 1(1.9)
4 3(3.1) 1(5.3) 2(2.5)

aDefined as a positive swab PCR and/or positive serum IgG ELISA. PP-values calculated
using "Mann-Whitney U test, Pearson’s Chi-squared test, or 3Fisher’s exact test.

TABLE 2 | IgG ELISA optical densities of frontline healthcare workers tested for
SARS-CoV-2.

SARS-CoV-2 test results Total (N = 98) Mean IgG P-value?
ELISA OD (+/-
SEM)

Result profile groups <0.001"

PCR Positive—no. (%) 4(4.9) 0.251 (0.032)

PCR/IgG Positive—no. (%) 4(4.9) 0.656 (0.055)

IgG Positive—no. (%) 1 (11.2) 0.589 (0.081)

PCR/IgG Negative—no. (%) 79 (80.6) 0.231 (0.008)
IgG results by prior symptom 0.1122
profile

No history of typical Covid 67 (68.4) 0.264 (0.016)
symptoms—no. (%)

Previous history of Covid 31 (31.6) 0.343 (0.043)

symptoms—no. (%)

ap_values calculated using ' Kruskal-Wallis H test when comparing multiple groups, and
2Mann-Whitney U test.

Performance of Clinically Administered
SARS-CoV-2 Testing

To assess the performance of clinically administered testing,
biostatistics were calculated by comparing hospital-administered
RT-qPCR testing with the anti-n IgG ELISA testing we
employed, using anti-n IgG ELISA as the reference standard for
historical infection in this case. Only individuals whose clinically
administered RT-qPCR test occurred >14 days before anti-n
IgG ELISA testing were included to allow time for a detectable
IgG antibody response to develop. Sensitivity, specificity, positive
predictive value, negative predictive value, and accuracy were
calculated alongside 95% confidence intervals.

RESULTS

Subject Characteristics

We evaluated 98 clinicians working in the Montefiore Health
System who have been clinically active since the early part of
the COVID-19 pandemic within New York City. Several work
environments were represented, including COVID-19 medicine
units, COVID-19 ICUs, the ED, specialty consultants, and those
working in a purely ambulatory setting. These individuals had
varying degrees of workplace exposure to COVID-19 patients,
including invasive bedside procedures with COVID-19-positive
patients, intraoperative exposure, as well as in routine care.
Interestingly, overall exposure histories were not correlated with
testing results (p = 0.292, Table 1). Additionally, a history of
COVID-19-like illness was not correlated with optical densities
on ELISA (p = 0.112, Table2). Importantly, none of the
subjects were symptomatic at the time of testing, though some
were previously tested due to exposure and/or typical COVID-
19 symptoms.

RT-qPCR for Active Infection

Nasopharyngeal and oropharyngeal swabs underwent RNA
purification, and spectrophotometry revealed excellent RNA
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98 clinical staff tested

31 reported prior

symptoms
10 positive 21 negative
| |
2PCR 2 PCR/1gG 61gG
positive positive positive

asymptomatic as of this publication.

67 denied prior

symptoms
9 positive 58 negative
| l
2 PCR 2 PCR/IgG 51gG
positive positive positive
|
Developed
symptoms

FIGURE 1 | Association between prior complaint of COVID-19 symptoms and SARS-CoV-2 infection of 98 healthcare worker participants, 31 reported typical
COVID-19 symptoms prior to study participation, of whom 32.3% were found to have a history of SARS-CoV-2 infection (as defined by RT-gPCR or serology). There
were an additional nine participants with no symptoms prior to study participation, of whom two subsequently developed symptoms (PCR positive), and with others

yields and quality. RT-qPCR was run with 10 ng RNA per reaction
in triplicates for each primer (N1, N2, and RP). All samples
demonstrated RP expression, indicating adequate RNA isolation
from respiratory epithelium. Through viral RNA amplification,
we identified a total of eight individuals who were SARS-CoV-
2 positive (PCR positive, 8% of tested clinical staff, Ct values
are the average of triplicates for each positive sample, standard
deviations of all triplicates <1, subjects 1-4 and 8-11, Figure 1,
Table S1), including four with a history of resolved symptoms
and two who subsequently developed moderate symptoms. Two
other individuals noted vague upper respiratory symptoms in
retrospect but were otherwise asymptomatic.

Serum Anti-SARS-CoV-2-Nucleocapsid IgG

For serum evaluation, we focused on IgG for two reasons: it
represents a more predictable and durable immune response
than IgM and, once positive, should persist so for an extended
period (14, 15). From a technical perspective, IgG is more readily
and specifically assayable given its higher affinity for individual
antigens (16). On ELISA, the positive control individuals, who
had typical COVID-19 symptoms that resolved over 14 days
prior to participation, had optical densities (ODs) above the
positive threshold (0.560, 1.494, 1.166; PCR/IgG positive, subjects
5-7, Table S1), which is consistent with the literature on IgG
responses during this pandemic (15). We further identified 15
individuals who met criteria for seropositivity (IgG positive,
subjects 8-22, Table S1). Of the IgG positive group, four
individuals were RT-qPCR positive (PCR/IgG positive, subjects
8-11) and 11 RT-qPCR negative (IgG positive, subjects 12-22).

Interestingly, of the four PCR/IgG-positive individuals, two had
a history of symptoms but were unable to secure testing due to
limited availability. Among the 11 IgG-positive individuals, four
had a history of symptoms with negative test results.

A total of 19 individuals had a history of clinically
administered SARS-CoV-2 testing by RT-qPCR >14 days prior
to participation in this study and anti-n IgG ELISA testing
(Table S1). Of these 19, three tested positive on clinically
administered testing; however, seven of these individuals tested
positive by anti-n IgG ELISA in this study. When evaluating all
those with a history of testing prior to this study, and assuming
the validity of ELISA as the reference standard for history of
infection (i.e., IgG positive = Infectious History), the sensitivity
of clinically administered RT-qPCR based diagnostics for SARS-
CoV-2 was only 42.86% (true positives/true positives + false
negatives: 3/7 individuals), though importantly the specificity
was 100% (true negatives/true negatives + false positives:
12/12 individuals) (Table 3). Subject #1 was characterized as
a true negative, presumably having contracted SARS-CoV-2 in
the interim.

DISCUSSION

There has been extensive discussion among healthcare providers,
researchers, and policy makers about the role that asymptomatic,
undiagnosed infections play in the spread of SARS-CoV-2
(7). Additionally, HCWs have found themselves inadequately
supplied with personal protective equipment while caring for
COVID-19 patients (3). Finally, the types of social distancing,
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TABLE 3 | Sensitivity and specificity of clinically administered RT-qPCR testing
prior to study participation (using anti-n IgG ELISA as the reference standard).

Statistic Value (n/n individuals) 95% CI
Sensitivity 42.86% (3/7) 9.90-81.59%
Specificity 100% (12/12) 73.54-100.00%

Positive predictive value 100% (3/3)
75.00% (12/16)

78.95%

61.23-85.07%
54.43-93.95%

Negative predictive value
Accuracy

Sensitivity and specificity of clinically administered RT-gPCR testing for SARS-CoV-2
infection prior to participation in this study was calculated to include false negatives
determined by current serology testing. Anti-n IgG ELISA was used as the reference
standard. Subject #1 (Table S1) may represent a false negative or may have contracted
the virus subsequent to clinical testing and was consequently characterized as a
true negative.

which, at the time of this writing, are having a successful
impact on decreasing community SARS-CoV-2 spread, are not
practically feasible within the healthcare work environment.
Consequently, it is reasonable to expect an increased incidence of
SARS-CoV-2 infection among healthcare workers. In this study,
of the 98 asymptomatic healthcare workers tested, we identified
19 (19.4%) SARS-CoV-2-positive participants, as defined by PCR
and/or serology.

Addressing the impact of SARS-CoV-2 among HCWs
requires identifying those in the pre-symptomatic/asymptomatic
phase as well as those who may have had the infection
and may now be at an attenuated risk of infection or
transmission. In a recent publication evaluating the SARS-CoV-
2 transmission pattern in an early Washington State skilled
nursing facility cluster, the authors highlighted the role that
asymptomatic and/or pre-symptomatic transmission between
residents certainly played in disease dissemination (7, 17).
Furthermore, their findings support the inadequacy of relying on
symptomatic presentation as the indicator for testing healthcare
providers. The latter finding is consistent with our own in
which more than 10% of asymptomatic HCWs presented with
SARS-CoV-2 profiles consistent with either recent infection or
seroconversion. Institutional and national testing limitations,
meanwhile, represented a problem at the start of this pandemic,
though routine screening of HCWs is recently available. Given
the limited ability to test minimally symptomatic individuals
during the early months of the pandemic, policymakers have
largely suggested identifying those that have recovered, through
serology, as an element of return to societal function in the
future. The independent testing presented herein utilized both
approaches, presenting important findings both regarding the
infectious status of healthcare workers, as well as issues with
PCR-based testing sensitivity, owing to fluctuating viral loads and
sampling technique variability. Additionally, as the vast majority
of testing has been validated in symptomatic individuals, the
sensitivity of PCR in asymptomatic individuals, such as the ones
studied here, remains uncertain.

We identified 19 of 98 clinicians (19.4%) that demonstrated
either a new diagnosis (PCR positive) or a history of SARS-CoV-
2 (IgG positive). These included four (4.1%) PCR-positive, four

(4.1%) PCR/IgG-positive, and 11 (11.2%) PCR-negative/IgG-
positive individuals. Of the 19 SARS-CoV-2 positive participants,
10 (10.2%) reported a prior history of COVID-19 symptoms,
now presenting as two PCR-positive, two PCR/IgG-positive, and
six IgG-positive individuals (Figure 1, Table1). Of the nine
participants without a prior history of COVID-19 symptoms,
two were PCR-positive individuals that subsequently developed
symptoms with an additional two PCR/IgG-positive and five
IgG-positive participants that remained asymptomatic for 2
weeks after testing. Among all 16 (16.3%) participants with
negative clinical testing for SARS-CoV-2 prior to study
participation, four (4/16, 25%) were found to be IgG positive
(suggesting prior false negative testing), and one (1/16, 6.3%) was
PCR positive.

The IgG testing poses the primary limitation in this study
or any of its kind at this time. While the assay has reportedly
undergone validation with positive and negative controls,
is accompanied by internal controls, and has demonstrated
positivity with our own control participants, the novelty of
available assays requires careful interpretation. For example, the
recombinant nucleocapsid protein used in the chosen assays
shares some degree of homology with other coronaviruses,
including some, to which the studied population are routinely
exposed (18, 19). Additionally, the cutoffs for positivity and
negativity in the study, while reportedly validated by the
supplier on positive control and pre-pandemic sera, leave
an interval in between positive and negative results that
are unclear (which we considered negative for the purposes
of this study). Other assays, which use total viral lysate
as a plated antigen, would pose similar challenges. Recent
developments focused on a modified Spike protein, which
appears to have improved in-vitro stability, as well as a
more specific binding affinity for SARS-CoV-2, are underway
as well (20). Most importantly, we have yet to determine
whether seroconversion confers longstanding, seasonal, or
limited immunity, making serology of limited, diagnostic utility
at this time (12).

Despite inherent limitations in newly developed serological
assays and their interpretation, RT-qPCR behaved as expected. A
number of individuals were found to be persistently PCR positive,
after an extended period of time from symptom onset, consistent
with reports elsewhere (21-24). This feature of COVID-19
has the ancillary benefit of lending confidence to our IgG
results, as there was concordance between testing results in
nearly 40% of IgG positive individuals. The most significant
of our findings, in line with the primary goal of this study,
was de novo identification of eight asymptomatic individuals
amongst clinicians that were PCR positive for SARS-CoV-2. This
represents critical information in terms of staff management and
deployment. Indeed, several participant HCWs, functioning in
essential settings on the frontline of patient care, were pulled
from active duty shortly prior to developing symptoms.

A better understanding of the dynamics of healthcare-
worker infection with SARS-CoV-2 is essential in protecting
this key element of the workforce as well as mitigating their
role in nosocomial and community spread of COVID-19.
While this study represents a limited snapshot, it identifies
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several important findings. Foremost, healthcare workers may
be carrying and, therefore, spreading SARS-CoV-2, without any
signs or symptoms of disease. Additionally, prior negative testing
by PCR does not preclude infection, which can be identified
serologically. We applaud government efforts to scale-up
serological and PCR-based testing programs, but we caution that
an individual timepoint may not provide adequate mitigation of
SARS-CoV-2 transmission by and between healthcare workers.
In future studies, it will be interesting to evaluate HCWs over
time, to determine the rate of infection in a group with known
regular exposure. Collectively, our findings suggest that it is
appropriate to regularly test all healthcare workers in high disease
burden areas for SARS-CoV-2 by both PCR and serological
assays, irrespective of ostensible exposure or symptom history.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Albert Einstein College of Medicine IRB. The
patients/participants provided their written informed consent to
participate in this study.

REFERENCES

1. Alhazzani W, Moller MH, Arabi YM, Loeb M, Gong MN, Fan E, et al.
Surviving sepsis campaign: guidelines on the management of critically ill
adults with coronavirus disease 2019 (COVID-19). Crit Care Med. (2020)
48:e440-69. doi: 10.1097/CCM.0000000000004363

2. McMichael TM, Currie DW, Clark S, Pogosjans S, Kay M,
Schwartz NG, et al. Epidemiology of Covid-19 in a long-term
care facility in King County, Washington. N Engl ] Med. (2020)
382:2005-11. doi: 10.1056/NEJMo0a2005412

3. Ranney ML, Griffeth V, Jha AK. Critical supply shortages - the need for
ventilators and personal protective equipment during the Covid-19 pandemic.
N Engl ] Med. (2020) 382:e41. doi: 10.1056/NEJMp2006141

4. Joseph B, Joseph M. The health of the healthcare workers. Indian J Occup
Environ Med. (2016) 20:71-2. doi: 10.4103/0019-5278.197518

5. Mizumoto K, Kagaya K, Zarebski A, Chowell G. Estimating the asymptomatic
proportion of coronavirus disease 2019 (COVID-19) cases on board
the Diamond Princess cruise ship, Yokohama, Japan, 2020. Euro
Surveill.  (2020) 25:2000180. doi: 10.2807/1560-7917.ES.2020.25.10.20
00180

6. Dugan A. For physicians and nurses on the front line, there’s worry over
bringing coronavirus home: ’I can’t even go home and hug my kids anymore’.
Boston Globe (2020, March 20).

7. Arons MM, Hatfield KM, Reddy SC, Kimball A, James A, Jacobs JR, et al.
Presymptomatic SARS-CoV-2 infections and transmission in a skilled nursing
facility. N Engl ] Med. (2020) 382:2081-90. doi: 10.1056/NEJMo0a2008457

8. Dong E, Du H, Gardner L. An interactive web-based dashboard
to track COVID-19 in real time. Lancet Infect Dis. (2020)
20:533-4. doi: 10.1016/S1473-3099(20)30120-1

9. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, McGinn T, Davidson
KW, et al. Presenting characteristics, comorbidities, and outcomes among
5700 patients hospitalized with COVID-19 in the New York City area. JAMA.
(2020) 323:2052-9. doi: 10.1001/jama.2020.6775

AUTHOR CONTRIBUTIONS

AS conceived this study, executed most of the testing, and wrote
much of this manuscript. EB performed data analysis, assisted
with manuscript writing and data interpretation. PC assisted with
data collection and analysis. JI assisted with sample collection and
processing. SC assisted with study design and sample processing.
RY assisted in data interpretation. VY helped design this study.
EE was involved with the conception, design, and interpretation
of this study. All authors contributed to the article and approved
the submitted version.

ACKNOWLEDGMENTS

We would like to acknowledge the assistance of the Naomi
Berezin, MD, and David Weithorn, MD, in the recruitment of
participants. We would additionally like to dedicate this study
to Dr. James Tait Goodrich, a leader within our department
and world-renowned pediatric neurosurgeon, who was lost
to COVID-19.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fmed.
2020.00471/full#supplementary-material

10. Deblasio B. Mayor de Blasio Announces COVID-19 Antibody Testing
for Healthcare Workers. (2020). Available online at: https://www.
nychealthandhospitals.org/pressrelease/mayor- de-blasio-announces-covid-
19-antibody- testing-for- healthcare- workers/

11. Branch NYSE. Video, Audio, Photos ¢& Rush Transcript: Amid Ongoing
COVID-19 Pandemic, Governor Cuomo Announces Results of Completed
Antibody Testing Study of 15,000 People Show 12.3 Percent of Population has
Covid-19 Antibodies. (2020).

12. Altmann DM, Douek DC, Boyton RJ. What policy makers need to
know about COVID-19 protective immunity. Lancet. (2020) 395:1527-
9. doi: 10.1016/S0140-6736(20)30985-5

13. CDC 2019-Novel Coronavirus (2019-nCoV) Real-Time RT-PCR Diagnostic
Panel. Document #: CDC-006-00005 (2020). Available online at: https://www.
fda.gov/media/134922/download

14. Li Z, Yi Y, Luo X, Xiong N, Liu Y, Li S, et al. Development and clinical
application of a rapid IgM-IgG combined antibody test for SARS-CoV-2
infection diagnosis. ] Med Virol. (2020) 1-7. doi: 10.1002/jmv.25727

15. To KK, Tsang OT, Leung WS, Tam AR, Wu TC, Lung DC, et al
Temporal profiles of viral load in posterior oropharyngeal saliva
samples and serum antibody responses during infection by SARS-
CoV-2: an observational cohort study. Lancet Infect Dis. (2020)
20:565-74. doi: 10.1016/S1473-3099(20)30196-1

16. Makela O, Ruoslahti E, Seppala IJ. Affinity of IgM and IgG antibodies.
Immunochemistry. (1970) 7:917-32. doi: 10.1016/0019-2791(70)90053-4

17. Chow EJ, Schwartz NG, Tobolowsky FA, Zacks RLT, Huntington-Frazier M,
Reddy SC, et al. Symptom screening at illness onset of health care personnel
with SARS-CoV-2 infection in King County, Washington. JAMA. (2020)
323:2087-9. doi: 10.1001/jama.2020.6637

18. Spaan W, Cavanagh D, Horzinek MC. Coronaviruses:
and genome expression. ] Gen Virol (1988) 69(Pt.
52. doi: 10.1099/0022-1317-69-12-2939

19. Grifoni A, Sidney J, Zhang Y, Scheuermann RH, Peters B, Sette A. A sequence
homology and bioinformatic approach can predict candidate targets for

structure
12):2939-

Frontiers in Medicine | www.frontiersin.org

August 2020 | Volume 7 | Article 471


https://www.frontiersin.org/articles/10.3389/fmed.2020.00471/full#supplementary-material
https://doi.org/10.1097/CCM.0000000000004363
https://doi.org/10.1056/NEJMoa2005412
https://doi.org/10.1056/NEJMp2006141
https://doi.org/10.4103/0019-5278.197518
https://doi.org/10.2807/1560-7917.ES.2020.25.10.2000180
https://doi.org/10.1056/NEJMoa2008457
https://doi.org/10.1016/S1473-3099(20)30120-1
https://doi.org/10.1001/jama.2020.6775
https://www.nychealthandhospitals.org/pressrelease/mayor-de-blasio-announces-covid-19-antibody-testing-for-healthcare-workers/
https://www.nychealthandhospitals.org/pressrelease/mayor-de-blasio-announces-covid-19-antibody-testing-for-healthcare-workers/
https://www.nychealthandhospitals.org/pressrelease/mayor-de-blasio-announces-covid-19-antibody-testing-for-healthcare-workers/
https://doi.org/10.1016/S0140-6736(20)30985-5
https://www.fda.gov/media/134922/download
https://www.fda.gov/media/134922/download
https://doi.org/10.1002/jmv.25727
https://doi.org/10.1016/S1473-3099(20)30196-1
https://doi.org/10.1016/0019-2791(70)90053-4
https://doi.org/10.1001/jama.2020.6637
https://doi.org/10.1099/0022-1317-69-12-2939
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Stock et al.

COVID-19 in HCWs

20.

21.

22.

23.

immune responses to SARS-CoV-2. Cell Host Microbe. (2020) 27:671-80
e2. doi: 10.1016/j.chom.2020.03.002

Amanat F Stadlbauer D, Strohmeier S, Nguyen THO, Chromikova V,
McMahon M, et al. A serological assay to detect SARS-CoV-2 seroconversion
in humans. Nat Med. (2020) 26:1033-6. doi: 10.1038/s41591-020-0913-5
Colavita F, Lapa D, Carletti F Lalle E, Bordi L, Marsella P, et al. SARS-
CoV-2 isolation from ocular secretions of a patient with COVID-19 in Italy
with prolonged viral RNA detection. Ann Intern Med. (2020) 173:M20-
1176. doi: 10.7326/M20-1176

Wu Y, Guo C, Tang L, Hong Z, Zhou ], Dong X, et al. Prolonged presence
of SARS-CoV-2 viral RNA in faecal samples. Lancet Gastroenterol Hepatol.
(2020) 5:434-5. doi: 10.1016/S2468-1253(20)30083-2

Xing YH, Ni W, Wu Q, Li WJ, Li GJ, Wang WD, et al. Prolonged viral shedding
in feces of pediatric patients with coronavirus disease (2019). ] Microbiol
Immunol Infect. (2020) 53:473-80. doi: 10.1016/.jmii.2020.03.021

24. Xu K, Chen Y, Yuan J, Yi P, Ding C, Wu W, et al. Factors associated with
prolonged viral RNA shedding in patients with COVID-19. Clin Infect Dis.
(2020) 71:799-806. doi: 10.1093/cid/ciaa351

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Stock, Bader, Cezayirli, Inocencio, Chalmers, Yassari, Yanamadala
and Eskandar. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Medicine | www.frontiersin.org

August 2020 | Volume 7 | Article 471


https://doi.org/10.1016/j.chom.2020.03.002
https://doi.org/10.1038/s41591-020-0913-5
https://doi.org/10.7326/M20-1176
https://doi.org/10.1016/S2468-1253(20)30083-2
https://doi.org/10.1016/j.jmii.2020.03.021
https://doi.org/10.1093/cid/ciaa351
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

	COVID-19 Infection Among Healthcare Workers: Serological Findings Supporting Routine Testing
	Introduction
	Methods
	Study Design and Oversight
	Study Participants/Demographics
	SARS-CoV-2 RT-qPCR Testing
	ELISA for Anti-SARS-CoV-2-Nucleocapsid IgG
	Performance of Clinically Administered SARS-CoV-2 Testing

	Results
	Subject Characteristics
	RT-qPCR for Active Infection
	Serum Anti-SARS-CoV-2-Nucleocapsid IgG

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	Supplementary Material
	References


