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ABSTRACT

Objectives: Serologic assay performance studies for
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV=-2) in pediatric populations are lacking, and few
seroprevalence studies have routinely incorporated
orthogonal testing to improve accuracy.

Methods: Remnant serum samples for routine
bloodwork from 2,338 pediatric patients at UPMC
Children’s Hospital of Pittsburgh were assessed using
the EUROIMMUN Anti-SARS-CoV-2 ELISA IgG
(EurolGG) assay. Reactive cases with sufficient volume
were also tested using 3 additional commercial assays.

Results: Eighty-five specimens were reactive according
to the EurolGG, yielding 3.64% (95% confidence
interval [CI], 2.91%-4.48%) seropositivity, of which
73 specimens had sufficient remaining volume for
confirmation by orthogonal testing. Overall, 19.18%
(95% CI, 10.18%-28.18%) of samples were positive

on a second and|or third orthogonal assay. This

80.82% false positivity rate is disproportionate to the
expected false positivity rate of 50% given our pediatric
population prevalence and assay performance.

Conclusions: In pediatric populations, false-positive
SARS-CoV-2 serology may be more common than assay
and prevalence parameters would predict, and further
studies are needed to establish the performance of SARS-
CoV=-2 serology in children.

© American Society for Clinical Pathology, 2021. All rights reserved.
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Key Points

e SARS-CoV-2 serologic assay performance studies in the pediatric
population are lacking, and neither adult nor pediatric seroprevalence
studies incorporate orthogonal testing to improve accuracy.

e In pediatric populations, false positives may be more common than
assay and prevalence parameters would predict.

e QOrthogonal testing may be important in pediatric seroprevalence
analyses for accurate results.

Serologic assays for severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2)-specific antibodies
provide several important applications in monitoring and
responding to the coronavirus disease 2019 (COVID-19)
pandemic. SARS-CoV-2-specific antibody testing as-
sists in surveillance, complex diagnoses, convalescent
plasma donation, and confirmation of appropriate vac-
cine response.! Characterization of the humoral response
to SARS-CoV-2 and specific, robust detection methods
are essential for meeting these needs. Prior validation
studies across multiple testing platforms have demon-
strated sufficient specificity (>99%) in the detection of
anti-SARS-CoV-2 immunoglobulin G (IgG) antibodies,
which included patients with prior common endemic
coronavirus infections detected by nucleic acid testing.’
Large-scale seroprevalence surveys are underway, how-
ever, and minor cross-reactivities can lead to significant
inaccuracies in prevalence estimates because of low pre-
test probabilities. To minimize false-positive tests, the cur-
rent Centers for Disease Control and Prevention (CDC)
interim clinical testing guidelines for SARS-CoV-2
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antibody testing recommend orthogonal testing, which
employs 2 sequential independent tests when the initial
test yields positive results.” Seroprevalence studies in the
pediatric population are especially lacking, and neither
adult nor pediatric studies have routinely incorporated
orthogonal testing. Between February 12, 2020, and April
20, 2020, only 1.7% of reported cases in the United States
were in children younger than 18 years of age.* Children
generally develop milder disease, raising the possibility
that seroprevalence studies are underestimating true se-
roprevalence. SARS-CoV-2 serologic assay validation in
the pediatric population is lacking. We present a subset
of cases from our pediatric SARS-CoV-2 seroprevalence
study using an orthogonal testing strategy to assess false-
positive SARS-Co V-2 antibody detection rates in our low-
prevalence population and maximize analytic specificity.

Materials and Methods

The full cohort has been described elsewhere.” Briefly,
we used remnant serum samples from 2,338 consecu-
tive patients younger than 19 years of age at the UPMC
Children’s Hospital of Pittsburgh clinical laboratory re-
ceived for routine testing for the study under the auspices
of UPMC Quality Assurance for Clinical Laboratories
and University of Pittsburgh institutional review board
study number 20040072. Samples were collected beginning
2 weeks after the March 2020 peak of COVID-19 cases in
Allegheny County® during 2 phases: from April 27, 2020,
to May 19, 2020, and from June 22, 2020, to July 4, 2020.
These phases corresponded to Allegheny County’s initial
period of containment (Red Phase) and subsequent less
restrictive reopening phase (Yellow Phase). The sample
cohorts were analyzed using enzyme-linked immuno-
sorbent assay (ELISA)-based tests for anti-SARS-CoV-2
spike protein on the EUROIMMUN Anti-SARS-CoV-2
ELISA IgG (EurolGG) assay, the Beckman Coulter
Access SARS-CoV-2 IgG test on the AUS5800 analyzer
(Beckman), the Siemens ADVIA Centaur XP SARS-
CoV-2 Total Antibody assay (Siemens-C), and the Siemens
Dimension Vista 1500 SARS-CoV-2 Total Antibody assay
(Siemens-V) according to the manufacturers’ instructions.
These ELISA tests are for antibody against the S1 subunit/
domain of the spike protein of SARS-CoV-2.

Results

Eighty-five of 2,338 specimens were reactive by the
EurolGG, yielding a 3.64% (95% confidence interval
[CI], 2.91%-4.48%) seropositivity rate. Seventy-three
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of 85 EurolGG reactive specimens had sufficient re-
maining sample volume for confirmation by orthog-
onal repeat testing. Samples with sufficient volume were
tested using a third assay. The concordance between reac-
tive EurolGG samples and additional assays listed were
19.18% (Beckman, n = 73), 0% (Siemens-V, n =9), and
10.0% (Siemens-C, n = 20) ETable 11. Interestingly, con-
cordance rates between the subset of reactive EurolGG
and Beckman samples with Siemens-V and Siemens-C
assays were 100% (n = 9) and 95% (n = 20), respectively.
Overall, only 19.18% (95% CI, 10.18%-28.18%) of sam-
ples were reactive on a second and/or third orthogonal
assay, equating to a false positivity rate of 81.82%. This
low concordance is disproportionate to the expected
false-positivity rate given our pediatric population preva-
lence (approximately 19%) and our validation of the assay
sensitivity (98.7% at >14 days) and specificity (98.9%).”

Discussion

Determining seroprevalence is a critical component of
the COVID-19 response, and understanding the strengths
and limitations of serologic testing is important for the ap-
plication of these tests. We anticipated a false positivity rate
of approximately 50%"° but found this pediatric population
to have a false positivity rate of 81.82%. The expected false
positivity rate of 50% we anticipated is consistent with that
reported by other limited studies.”"” A recent study found
no significant difference in the false positivity rate in chil-
dren across multiple assays compared with adults in a se-
lect cohort with a high prevalence.'' The positive predictive
value of an assay is correlated with disease prevalence and
specificity. Even tests with high specificity, when tested in
low-prevalence populations, have a high probability of
false positives. Currently, studies analyzing COVID-19
immunologic responses and validation of serologic assays
have been carried out almost entirely in the adult popula-
tion, indicating that assay parameters may be different in

ITable 10
Orthogonal Testing of Pediatric Samples
First Assay Second Assay Third Assay
Pos (Neg) Assay Pos (Neg) Assay Pos (Neg) Assay
20 (0) EurolGG 3(17) Beckman 2 (18) Siemens-C
9(0) EurolGG 0(9) Beckman 0 (9) Siemens-V
44 (0) EurolGG 11 (33) Beckman — —
Total: 73 14 (59) 2(27)

Beckman, Beckman Coulter Access SARS-CoV-2 IgG test on the AUS800 ana-
lyzer; ELISA, enzyme-linked immunosorbent assay; EurolGG, EUROIMMUN
Anti-SARS-CoV-2 ELISA IgG assay; Neg, negative; Pos, positive; Siemens-C,
ADVIA Centaur XP SARS-CoV-2 Total Antibody assay; Siemens-V, Dimension
Vista 1500 SARS-CoV-2 Total Antibody assay.
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children than in adults. Differences in immune response and
cross-reactivity between pediatric and adult populations
may help explain disproportionately increased false-positive
rates.'” Discordant results among assays could be explained
by immune responses directed toward a specific viral pro-
tein or assays detecting different Ig classes.” Additionally,
the increased false-positive rate could be attributed to the
specific assay comparison (eg, EurolGG vs Beckman), al-
though prior work shows concordance between both the
EurolGG and Beckman assays to the assay consensus of
6 serologic assays to be 95% and 96%, respectively, in pol-
ymerase chain reaction—positive specimens.’ In a cohort of
specimens with other known infectious disease processes,
the EurolGG had a specificity of 98.9%.” A limitation of
the study is that all assays used were against the S1 subunit/
domain of the spike protein, though specific antigenic sites
may vary. Orthogonal testing using multiple independent,
antigenically distinct serologic assays has been shown to
further promote increased specificity.'>'* Our results cause
concern in low-prevalence pediatric populations because
false positives may be more common than assay param-
eters and prevalence would dictate. These results support
the CDC recommendation for orthogonal testing to im-
prove study accuracy, especially in children and adolescents.
Further studies are needed to establish the performance of
SARS-CoV-2 serology in children.

Corresponding author: Sarah E. Wheeler, PhD; wheelerse3@,
upme.edu.

Acknowledgements: The authors acknowledge the UPMC lab-
oratory personnel who were instrumental in ensuring that the con-
venience specimens were retained and helped enter specimens into
our database: Jill Lewandowski, Jayne Zona, Joanne Hasskamp,
and Jayne Rasmussen.

Funding: This work was supported by the University of
Pittsburgh Clinical and Translational Science Institute COVID-

19 Pilot Study Program and the David Scaife Family Charitable
Foundation. Dr Freeman is funded by the Pediatric Infectious
Disease Society and St Jude Children’s Research Hospital
Fellowship Program in Basic and Translational Research. Dr
Rapsinski is funded by the Pediatric Scientist Development
Program, sponsored by the Association of Medical School Program
Directors, funded by Eunice Kennedy Shriver National Institute of
Child Health and Human Development [ K12 HD000850-34].

© American Society for Clinical Pathology

AJCP | Brier REPORT

References

1. Theel ES, Slev P, Wheeler S, et al. The role of antibody testing
for SARS-CoV-2: is there one? J Clin Microbiol. 2020;58:¢0079
7-00820.

2. Wheeler SE, Shurin GV, Keetch C, et al. Evaluation of SARS-
CoV-2 prototype serologic test in hospitalized patients. Clin
Biochem. 2020;86:8-14.

3. Centers for Disease Control and Prevention. Interim guide-
lines for COVID-19 antibody testing. https://www.cdc.
gov/coronavirus/2019-ncov/lab/resources/antibody-tests-
guidelines.html. Accessed March 20, 2021.

4. Centers for Disease Control and Prevention. COVID-19
case surveillance public use data profile. https://data.
cdc.gov/Case-Surveillance/COVID-19-Case-Surveillance-
Public-Use-Data-Profile/xigx-wn5e. Accessed March 20,
2021.

5. Freeman MC, Rapsinski GJ, Zilla ML, et al.
Immunocompromised seroprevalence and course of illness of
SARS-CoV-2 in one pediatric quaternary care center [pub-
lished online ahead of print October 13, 2020]. J Pediatric
Infect Dis Soc. doi:10.1093/jpids/piaal23.

6. Allegheny County. COVID-19. https://www.alleghenycounty.
us/Health-Department/Resources/COVID-19/COVID-19.
aspx. Accessed March 20, 2021.

7. Zilla M, Wheeler BJ, Keetch C, et al. Variable performance in
6 commercial SARS-CoV-2 antibody assays may affect conva-
lescent plasma and seroprevalence screening. Am J Clin Pathol.

2021;155:343-353.

8. Watson ], Richter A, Deeks J. Testing for SARS-CoV-2 anti-
bodies [published online ahead of print September 8, 2020].
BMJ. doi:10.1136/bmj.m3325.

9. Turbett SE, Anahtar M, Dighe AS, et al. Evaluation of three
commercial SARS-CoV-2 serologic assays and their perfor-
mance in two-test algorithms. J Clin Microbiol. 2020;59:e0189
2-e01920.

10. Farnsworth CW, Anderson NW. SARS-CoV-2 serology: much
hype, little data. Clin Chem. 2020;66:875-877.

11. Oved K, Olmer L, Shemer-Avni Y, et al. Multi-center
nationwide comparison of seven serology assays reveals a
SARS-CoV-2 non-responding seronegative subpopulation.
EClinicalMedicine. 2020;29:100651.

12. Carlotti APCP, de Carvalho WB, Johnston C, et al. Update
on the diagnosis and management of COVID-19 in pediatric
patients. Clinics (Sao Paulo). 2020;75:e2353.

13. Ripperger TJ, Uhrlaub JL, Watanabe M, et al. Orthogonal
SARS-CoV-2 serological assays enable surveillance of low-
prevalence communities and reveal durable humoral immu-
nity. Immunity. 2020;53:925-933.¢4.

14. Xu G, Emanuel AJ, Nadig S, et al. Evaluation of orthogonal
testing algorithm for detection of SARS-CoV-2 IgG anti-
bodies. Clin Chem. 2020;66:1531-1537.

Am J Clin Pathol 2021;XX:1-3 3
DOI: 10.1093/ajcp/aqab033


mailto:wheelerse3@upmc.edu?subject=
mailto:wheelerse3@upmc.edu?subject=
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://www.cdc.gov/coronavirus/2019-ncov/lab/resources/antibody-tests-guidelines.html
https://data.cdc.gov/Case-Surveillance/COVID-19-Case-Surveillance-Public-Use-Data-Profile/xigx-wn5e
https://data.cdc.gov/Case-Surveillance/COVID-19-Case-Surveillance-Public-Use-Data-Profile/xigx-wn5e
https://data.cdc.gov/Case-Surveillance/COVID-19-Case-Surveillance-Public-Use-Data-Profile/xigx-wn5e
https://doi.org/10.1093/jpids/piaa123
https://www.alleghenycounty.us/Health-Department/Resources/COVID-19/COVID-19.aspx
https://www.alleghenycounty.us/Health-Department/Resources/COVID-19/COVID-19.aspx
https://www.alleghenycounty.us/Health-Department/Resources/COVID-19/COVID-19.aspx
http://bmj.m3325

