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ABSTRACT

Objective: The goal of this study was to determine the prevalence of SARS-CoV-2

infections in pediatric front-line health careworkers (HCWs) using SARS-CoV-2 serum

antibodies as an indicator of infection.

Methods: In this cross-sectional study, we collected blood samples and survey

responses from HCWs in a 38-bed pediatric emergency department. Serum antibod-

ies to SARS-CoV-2 (IgM and/or IgG) were measured using a 2-step enzyme-linked

immunosorbent assay (ELISA) to detect antibodies against the Spike protein receptor

binding domain (RBD), the ectodomain of Spike (S), and the nucleoprotein (N).

Results: We collected survey responses and serum samples from 54 pediatric front-

lineHCWs fromOctober2020 throughApril 2021.Among the29unvaccinatedHCWs,

4 (13.7%) had antibodies to SARS-CoV-2. For the 25 vaccinated HCWs, 10 (40%) were

seropositive; 3 were <10 days from the first vaccine dose and 7 were ≥10 days after

the first dose. Two of the 10 seropositive vaccines had a prior positive reverse tran-

scription polymerase chain reaction test. Individuals ≥10 days from receiving the first

vaccine dose were 37.5 (95% CI: 3.5–399.3) times more likely to have SARS-CoV-2

antibodies than unvaccinated individuals or those<10 days from first vaccine dose.
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Conclusions: Evidence of widespread SARS-CoV-2 infections was not found in unvac-

cinated front-line HCWs from a pediatric ED as of April 2021. Future work will be

required to determine the reasons underlying the lower SARS-CoV-2 antibody preva-

lence compared to adult HCWs.
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1 INTRODUCTION

1.1 Background

As the global SARS-CoV-2 pandemic progressed, it became clear that

health careworkers (HCWs)were at risk for infectiondue toworkplace

exposures. Seroprevalence studies indicate that emergency depart-

ment (ED) and other front-line HCWs have an increased infection risk

that is nearly equivalent to those working in dedicated COVID-19

units; however, the risk can vary by region.1,2 One study of emergency

medicine attendingphysicians, resident physicians, andphysician assis-

tants at a high-volume ED found a seroconversion rate of 46%, which

wasmore than twice the estimated community seroprevalence.3

1.2 Importance

Little is known about the risks of SARS-CoV-2 exposure for pediatric

front-line HCWs. Studies of adult front-line HCWs may not be gener-

alizable to pediatric HCWs for several reasons. First, adult and pedi-

atric ED visits sharply declined during the pandemic and remained

below prior years’ baseline for several months, but the decline among

pediatric ED visits was more significant and prolonged than for adult

visits.4 Additionally, children might be less likely to transmit the virus

than adults.5 Together, these factors could lower the risk for pedi-

atric HCWs compared to their adult counterparts. Conversely, it is

also possible that the higher rate of mild or asymptomatic infections

in children6 could lead to more opportunities for pediatric frontline

HCW exposures, especially in situations where full personal protec-

tive equipmentwas conserved for usewith symptomatic patients. Also,

very young children or those with special needs may not be able to

safely comply with masking guidelines that could increase pediatric

HCW exposures, even in the absence of high-risk aerosol-generating

procedures. A better understanding of the exposure risks specific for

pediatric ED HCWs would help inform staffing decisions and future

screening methods, potentially protecting not only HCWs themselves

but also their more vulnerable patients.

1.3 Goals of this investigation

This study aims to determine the seroprevalence of SARS-CoV-2 anti-

bodies in front-line HCWs employed at a large pediatric tertiary care

ED. Because SARS-CoV-2 vaccines became available during the enroll-

ment period, secondary goalswere to compare the serologic profiles of

those with and without vaccination and determine a role for multianti-

gen antibody screening.

2 METHODS

2.1 Study design and setting

This cross-sectional studywith convenience samplingwas approved by

the Institutional Review Board (IRB) of the University of Arkansas for

Medical Sciences (UAMS) (IRB No: 261206). The study setting is the

38-bed pediatric ED of a freestanding tertiary care children’s hospital.

It is the state’s only Level I pediatric trauma center and averages more

than 60,000 ED visits per year.

2.2 Participants

Volunteerswere recruitedbetweenOctober2020andApril 2021 from

HCWs in the pediatric ED of Arkansas Children’s Hospital (Little Rock,

AR), with inclusion criteria extending to any HCW working any shift

in the ED at time of enrollment. Recruitment took place during both

day and night shifts. Participants were approached in person and via

department-wide emails seeking volunteers. The only exclusion cri-

terion was inability to ensure follow-up. Per hospital administration

request, enrollment was limited to 2 employees per week. In order to

comply, research assistants approached only 2 employees weekly. In

the case where more than 2 employees requested to be part of the

study during a given week, a wait-list was formed, and subjects were

enrolled first-come, first-served. Vaccination efforts for HCWs began

in December 2020, and all vaccinated participants received the Pfizer

BioNTech vaccine.

2.3 Measures

After enrollment, participants were provided a questionnaire request-

ing basic demographic information; underlying medical condition(s);

COVID-19 symptom(s) in the last 6 months, last 2 months, and/or last
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The Bottom Line

Front-line health care workers–particularly the

unvaccinated–are vulnerable to COVID-19 infection. In

this study of 54 pediatric emergency department staff, 4

of 29 (13.7%) unvaccinated and 10 of 25 (40%) vaccinated

individuals tested seropositive for SARS-CoV-2 antibod-

ies. These results highlight gaps in our understanding of

COVID-19 transmission among health care workers.

2 weeks; COVID-19 exposure(s) histories; vaccination status (added

December 2020); and their role in the ED. Serum samples were

obtained for antibody testing for the SARS-CoV-2 receptor binding

domain, spike protein, and nucleoprotein.

2.4 Outcome

The primary outcome of this study is to determine the presence or

absence of SARS-CoV-2 antibodies in pediatric front-line health care

workers.

2.5 Procedures

Venipuncture was performed on all subjects after completion of the

informed consent. One BD Vacutainer® serum separator tube (Bec-

ton Dickinson, Franklin Lakes, NJ, USA) per participant was filled and

centrifuged for serum per manufacturer’s instructions. Serum was

aliquoted and stored at -80◦C until antibody testing could be per-

formed.

2.6 Laboratory methods

A 2-tier enzyme linked immunoabsorbent assay (ELISA) assay was

designed and used to evaluate participants’ sera for SARS-CoV-2 anti-

bodies, as suggested by the Centers for Disease Control and Pre-

vention guidelines.7 As previously described, all sera were initially

tested for IgG and IgM antibodies to the SARS-CoV-2 receptor bind-

ing domain (RBD). Samples scoring positive for RBD binding were con-

firmed with a 4-antigen confirmation test (FACT).8,9 The FACT con-

sisted re-screening for antibodies against SARS-CoV-2 RBD and test-

ing for antibodies to the full-length Spike (S) protein and nucleopro-

tein (N), and bovine serum albumin (BSA) (specificity control). The final

optical density (OD)450 reading for each antigen was calculated by

subtracting the mean absorbance of BSA from the mean OD450 for

each antigen. A positive score required at least 2 antigens to reach a

threshold of 0.3 after subtracting the BSA value. Pre-COVID-19 sera

and sera from polymerase chain reaction (PCR)-confirmed SARS-CoV-

2 patients were used as negative and positive controls, respectively.

Sensitivity and specificity were 100% and 94.6%, respectively.

2.7 Data Analysis

The raw seroprevalence of SARS-CoV-2 was calculated by determin-

ing the frequency of positive antibody responses and then dividing

by the total number in the study sample. Demographic characteristics

of the overall sample are displayed as means and SDs for continuous

variables and frequencies and percentages for categorical variables.

Additionally, these characteristics are distributed by vaccination sta-

tus. To determine if age differed across vaccination status, assumptions

of normality and equal variances were confirmed. A t test was con-

ducted to determine if mean values differed across status. Chi-square

or Fisher’s exact tests were performed to determine if categorical vari-

ables differed across vaccination status. Differences in seroprevalence

of SARS-CoV-2 between vaccination statuses were ascertained with a

Fisher’s exact test. To assess the association between a positive anti-

body response and early versus post vaccination status, a simple logis-

tic regression model was run and an odds ratio with 95% confidence

interval (CI) was computed. Statistical significance was set at the 0.05

level. All analyses were conducted in SAS software, version 9.4 (SAS

Institute, Cary, NC, USA).

3 RESULTS

Demographic data are represented in Table 1. A total of 54 participants

were recruited. An additional 30HCWswere approached but declined

to participate. To respect the privacy of those individuals who declined

to participate, no information was collected on them. Of those who did

participate, 46 (85%) were female with a median age 34.7 years. Study

participants consisted of physicians and advanced practice registered

nurses (n = 25, 46.2%), registered nurses (n = 19, 35.1%), and other (n

=10, 18.5%). Twenty-nine (53.7%) participants enrolledbefore vaccine

availability or were not yet vaccinated at time of enrollment, and 25

participants (46.3%) had received at least 1 vaccine dose at the time of

enrollment. Seven of the 25 vaccinated subjects (28%) had received at

least 1 vaccinemore than 10 days before enrollment. Three vaccinated

subjects had received both vaccine doses (Table 2).

The observed raw seroprevalence of SARS-CoV-2 antibodies in this

population was 26% (14 of 54 enrollees). Because of the timing of

vaccine distribution, we divided the study population into 3 distinct

groups ofHCWs: unvaccinated (either prevaccine availability or unvac-

cinated), those who were <10 days from the first vaccine dose, and

those who were ≥10 days from the first vaccine dose. For those con-

sidered unvaccinated, the seroprevalence was 14% (4 of 29 individu-

als) of the sample of HCWs, compared to 40% among those who were

vaccinated (Figure 1). HCWswhowere ≥ 10 day from first vaccination

were 37.5 times (CI: 3.5–399.3) more likely to have a positive antibody

response compared to unvaccinated HCWs or those <10 days from

first vaccine. Therewas not a statistically significant difference in sero-
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TABLE 1 Demographic characteristics of study participants

Characteristic No. of Patients (%)

Age group (year)

<20 0 (0)

20–29 12 (22.2)

30–39 26 (48.1)

40–49 9 (16.6)

50–59 4 (7.4)

60–69 3 (5.6)

≥70 0 (0)

Sex

Female 46 (85.2)

Male 8 (14.8)

Race

White 51 (94.4)

Black 2 (3.7)

Asian 1 (1.9)

Role

Physician/APRN 25 (46.2)

Nurse 19 (35.1)

Othera 10 (18.5)

Seroprevalenceb 14 (25.9)

Vaccination Status

Unvaccinated 29 (53.7)

<10 days vaccinatedc 18 (33.3)

>10 days vaccinatedd 7 (13)

Comorbiditiese

Type 1 diabetes 2 (3.7)

Asthma 6 (11.1)

Autoimmune disorder 4 (7.4)

Other immune system disorder 3 (5.6)

Pregnancy 1 (1.9)

aThe “Other” category includes patient care techs (n=2), paramedics (n=2),

respiratory therapists (n=1), registered nurse patient care managers (n=1),

social workers (n=1), child life workers (n=1), and unit secretaries (n=2).
bThe seroprevalence variable is the prevalence of positive antibody

response in overall study sample.
cIndividuals received 1 vaccination<10 days before enrollment.
dIndividuals received 1 vaccination≥10 days before enrollment.
eEach comorbidity is expressed as a percentage of the total N in the sample.

Abbreviation: APRN, advanced practice registered nurse.

prevalence between the unvaccinated and those <10 days from their

first vaccine (P>0.05). In addition, there was not a statistically signifi-

cant difference in seroprevalence among the roles of the HCWs.

The questionnaire identified that 3 participants had previously

been diagnosed with COVID-19 by PCR before enrollment in the

study. These 3 HCWs had symptoms consistent with the diagnosis at

least 6 months before enrollment in this study, including fever, cough,

and loss of smell. Two were <10 days after first vaccination and 1

was unvaccinated at the time of enrollment. All 3 had antibodies to

SARS-CoV-2 RBD, S, and N, which is likely indicative of prior infection

because current vaccines should stimulate antibody only to the S

protein. The questionnaire also identified subjects who suspected they

were exposed to SARS-CoV-2 at work or in the community but were

never PCR tested. These subjects also had symptoms consistent with

SARS-CoV-2 infection 6 months before enrollment, specifically fever

(57%), cough (48%), loss of smell (19%), runny nose/congestion (62%),

headache (62%), and nausea, vomiting, and diarrhea (52%). Eight of

these subjects had received at least 1 dose of vaccine at enrollment

with only 1 receiving both vaccinations. In these subjects, we found

that 42.8% (9/21) had antibodies to S and 23.8% (5/21) had N-specific

antibodies.

4 LIMITATIONS

The small sample size limits the power of our study and the inferences

that can be drawn from the data. This is most obvious (eg, the wide CI)

in the odds ratio (OR) for the presence of antibodies in the vaccinated

compared to the unvaccinated (OR 37.5, [CI:3.5–399.3]). Second, the

study design is cross-sectionalwith an inherent inability tomake causal

inferences. As such, we cannot determine whether detection of SARS-

CoV-2 antibodies in unvaccinated HCWs reflects workplace or com-

munity exposure.Our convenience samplingmaynot accurately reflect

the demographics of our ED staff and may introduce selection bias.

However, it is important to note that the ED staff currently consists

of 50 physicians and physician extenders and 100 other staff. The pop-

ulation in this study represents ∼33% of the total ED staff. Addition-

ally, asymptomatic HCWs at risk of SARS-CoV-2 exposure may have

declined toparticipateowing to fear of beingquarantinedbasedon test

results. These factors could have caused sampling bias. Finally, using N

antibodies alone as a marker for natural infection may be problematic

as N antibodies have been recently shown towanemore quickly than S

antibodies.10

5 DISCUSSION

We found that 14% of our sample of pediatric ED HCWs who were

unvaccinated or <10 days from first vaccine dose had antibodies to

SARS-CoV-2 approximately 11months after the start of the pandemic.

Our findings are similar to the meta-analysis conducted by Hossain

et al.2 in which the pooled seroprevalence in 12 US studies was 12.4%

in HCWs. However, these studies included data from much earlier in

the pandemic aswell asHCWs in low- or intermediate-risk occupations

and were not specific to pediatric personnel. In contrast, Jeong et al

found a 46% seroprevalence in front-line adult HCWs, although this

study was from a hospital in a large urban setting with a high baseline

community seroprevalence (19.9%).3 In the state of Arkansas, stud-

ies suggest the seroprevalence of the general population was approx-

imately 7% (December 2020), whereas pediatric patients had a higher

seroprevalence, approaching 25% (December 2020).8,9
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TABLE 2 Characteristics by COVID-19 vaccination status

Vaccination Status

Unvaccinated

(n=29)

<10 days

vaccinateda

(n=18)

≥10 days

vaccinatedb

(n=7) P valued

Age, mean (SD) 38.1 (9.5) 37.4 (11.1) 32.6 (9.2) 0.430

Sex, n (%)

Female 26 (89.7) 17 (94.4) 6 (85.7) 0.366

Male 3 (10.2) 3 (16.7) 2 (28.6)

Race, n (%)

White 28 (96.6) 17 (94.4) 6 (85.7) 0.303

Black 1 (3.4) 0 (0.0) 1 (14.3)

Asian 0 (0.0) 1 (5.6) 0 (0.0)

Role, n (%)

Physician/APRN 15 (51.7) 6 (33.3) 4 (57.1) 0.615

Registered nurse 8 (27.6) 9 (50.0) 2 (28.6)

Other 6 (20.7) 3 (16.7) 1 (14.3)

Seroprevalencec 4 (13.7) 4 (22.2) 6 (85.7) 0.0005

Abbreviation: APRN, advanced practice registered nurse.
aIndividuals who received 1 vaccination<10 days before enrollment.
bIndividualswho received 1 vaccination≥10 days before enrollment. P values are based on a t test for age and chi-square or Fisher’s exact test for categorical
variables.
cSeroprevalence variable is the prevalence of positive antibody response.
dBold text indicates statistically significant p value.

F IGURE 1 Seroprevalence of SARS-CoV-2 antibodies for
front-line pediatric health care workers in Arkansas

As expected, vaccine administration was associated with increased

antibodies to S and RBD. However, this was evident only if the par-

ticipant was ≥10 days after their first vaccination. We found that 6

of 7 (86%) participants who were ≥10 days after first vaccination had

antibodies. Antibodies to SARS-CoV-2 were found in only 22.2% of

those<10 days from first vaccination, suggesting care should be taken

for exposures to the virus during this time. Further, our study sug-

gests the use of amultiantigen screen to possibly discriminate between

those with natural and vaccine acquired immunity. N antibodies were

found in many enrollees who had previously tested positive by PCR

for SARS-CoV-2, a response that would not be expected with vaccina-

tion. Despite working in a high-risk environment, our small sampling

indicates that pediatric front-line HCWs had a low seroprevalence of

SARS-CoV-2 antibodies.
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